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Introduction
In RAN1#95 [1], 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 RAN1#NR-AH-1901 [2] the following agreements were reached:
Agreements:
· For NR SLSS, as the baseline:
· The sequence type for S-PSS is the same type as the M-sequence used for NR-PSS
· The sequence type for S-SSS is the same type as the Gold sequence for NR-SSS
Agreements:
· The frequency location for S-SSB is (pre-) configured
· Note: it implies that there is no intended hypothses detection in frequency location of S-SSB performed by the UE for a carrier in a given band
· Note: the potential frequency locations for the (pre-)configured frequency location may be restricted, up to RAN4
[bookmark: _Hlk1052752]Agreements:
· Combination 1:  
· Time domain: 2 symbol of length-127 S-PSS, 2 symbol of length-127 S-SSS 
· Frequency domain:11 or 12 RBs
· BW containing S-SSB: 
· 2.5 MHz for 15 kHz SCS
· 5 MHz for 30 kHz SCS
· 10 MHz for 60 kHz SCS
· 20 MHz for 120 kHz SCS
· Combination 2:  
· Time domain: 2 symbol of length-127 S-PSS, 2 symbol of  length-127 S-SSS 
· Frequency domain:  20 RBs
· BW containing S-SSB: 
· 5 MHz for 15 kHz SCS
· 10 MHz for 30 kHz SCS
· 20 MHz for 60 kHz SCS
· 40 MHz for 120 kHz SCS
· Combination 3:  
· Time domain: 1 symbol of length-127 S-PSS, 1 symbol of  length-127 S-SSS 
· Frequency domain:  20 RBs
· BW containing S-SSB: 
· 5 MHz for 15 kHz SCS
· 10 MHz for 30 kHz SCS
· 20 MHz for 60 kHz SCS
· 40 MHz for 120 kHz SCS
· Combination 4:  
· Time domain: 1 symbol of length-255 S-PSS, 1 symbol of  length-255 S-SSS 
· Frequency domain:  24 RBs
· BW containing S-SSB: 
· 5 MHz for 15 kHz SCS
· 10 MHz for 30 kHz SCS
· 20 MHz for 60 kHz SCS
· 40 MHz for 120 kHz SCS
· Other combinations are not precluded.
· Note:  Company should specify the assumptions, such as total energy per SSB, when the performance results are compared between different combinations.  

Agreements:
· Design Target for NR S-PSS/S-SSS:
· At least for 15 kHz SCS NR S-PSS/S-SSS, same or better coverage to that of LTE under the same Tx/Rx configuration
· Coverage:  measured in terms of coupling loss 
· MCL = P_Tx – (NF + N_floor + SINR)
· N_floor = -174 +10 log (BW)
· P_Tx = 23 dBm
· NF = 9 dB 
· SINR = -6 dB for LTE as the reference
· Companies to report detailed assumptions e.g. the detection method/probability/etc. for the target SINR
Agreements:
For the evaluation at next meeting, sequence length of  S-PSS/S-SSS for all evaluated SCS is assumed the same as that of S-PSS/S-SSS with 15 kHz SCS    
· Other sequence lengths are not precluded

In this contribution, we discussed preliminary performance evaluations for NR V2X sidelink synchronization. 

Sidelink Synchronization Evaluations Assumptions   
It was agreed to study NR V2X synchronization methods including synchronization based on S-SSB. It was also agreed NR V2X synchronization signals should include sidelink PSS (S-PSS) and sidelink SSS (S-SSS) and are structured with PSBCH in a block format (S-SSB). For construction of the S-SSB: Sidelink PSS, the sequence is generated using the same shift register as NR-PSS with different cyclic shifts than used by NR-PSS. The S-SSS sequence is assumed to be identical as NR-SSS. As for the structure for NR-V2X S-SSB, four different combinations for: the number of PSS/SSS, the sequence length and the RB allocations were agreed to be evaluated. The TDM order of the symbols was not decided. In this contribution we consider first three different combinations of the agreed set, which have sequence length of 127. We do not consider longer sequence length of 255 discussed in the combination 4. The TDM order for PSS/SSS and PBCH is modified to create two sub-options from the combination 2, i.e. 2a and 2b. 
· Combination 1: [PSS, PSS, PBCH, SSS, SSS, PBCH PBCH PBCH], 12 PRB, 127 length sequences
· Combination 2a: [PSS, PSS, PBCH, SSS, SSS, PBCH], 20 PRB, 127 length sequences
· Combination 2b: [PSS, PSS, SSS, SSS, PBCH, PBCH], 20 PRB, 127 length sequences
· Combination 3: [PSS, PBCH, SSS, PBCH], 20 PRB, 127 length sequences

The same power is transmitted in all these combinations. Due to nulled sub-carriers, combination 2a, 2b and 3 have the advantage of power boosting for PSS, whereas combination 1 doesn’t have any power boosting. Combination 1, 2a and 2b has two symbols transmitted for PSS/SSS, so the total energy is larger as compared to Combination 3. For combination 1, to use a PBCH of 48 PRB, 4 OFDM symbols are required. Different permutations are possible for the location of the PBCH symbols. For a simple apple-apple comparison with combination 2a, we use only one OFDM symbol gap between PSS and SSS. However, as OFDM symbols of PBCH may be farther in time from SSS, SSS should not be used to improve the channel estimation for PBCH. This is not considered in this contribution. 
At the receiver, multiple hypotheses testing is performed on combined correlation of S-PSS symbols to estimate the frequency offset in two symbol cases. PSS is used to estimate the channel for coherent detection of SSS. By jointly detecting S-PSS and S-SSS we compute the SLID. For NR V2X S-PSS and S-SSS, it was agreed that the detection probability of S-PSS/S-SSS at -6dB should be considered as performance metric for V2X sidelink synchronization.  
1.1 Channel Model Considerations  

In the simulations, we show the detection probability of the sidelink SSB in various agreed V2X CDL channels for different center frequency, as well as, different sub-carrier spacing. The V2X models include dual mobility and scattering as described in TR 37.885. 
Velocity for the LOS path is computed using following equation: 
	[image: ], 
Velocity for NLOS paths and rays are computed using following equation:
	
where  is a random variable with uniform distribution from  to ,   is the maximum speed of the vehicle in the layout, and  () is a random variable with uniform distribution. For the highway scenario  is 140 km/h, and for the urban grid scenario 60 km/h. This creates harsh conditions even in lower doppler scenarios. 
Urban Grid scenario for LOS, NLOS and NLOSv (delay spreads 63.52ns, 82.95ns, 91.85ns respectively) conditions and Highway scenario for LOS and NLOSv (delay spread 25.32ns, 57.02ns respectively) conditions are considered and simulated. UE velocity of 3kmph and 120kmph are used in those respective scenarios. In the simulations, it was assumed that there is no interference from the Uu link. 
1.2 Compare S-SSB combinations
For Urban Grid, joint detection perfomance of PSS/SSS is compared at a low vehicular speed of 3 km/h. Scenarios of LOS, NLOS and NLOSv for 6GHz center frequency with 30kHz SCS are compared in Figure 1 and 30 GHz with 120 kHz SCS are compared in Figure 2. For the urban grid environment and low speeds, we can see all the combinations perform above 90% probability of detection at -6dB SNR in all the cases. The detection probabilities of combination 2a and 2b is much better compared to the combinations 1 and 3 at low SNR. At low SNR, combination 2a and 2b can take advantage of both combining gain and the power boosting for PSS, whereas combination 1 only has repetition and combination 3 only has power boosting for PSS. 
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[bookmark: _Ref1077303]Figure 1 Detection Probability in 6GHz, SCS 30kHz, Urban Grid
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[bookmark: _Ref1077315]Figure 2 Detection Probability in 30GHz, SCS 120kHz, Urban Grid
For Highway, joint detection perfomance of PSS/SSS is compared at a high vehicular speed of 120 km/h. LOS, and NLOSv scenarios for 6GHz with 30kHz SCS are compared in Figure 3 and 30 GHz with 120 kHz SCS are compared in Figure 4. We observe that, at higher speed the performance of 2a suffers more. This is because the PBCH symbol is present between PSS and SSS. At high speed, due to doppler, the channel estimate for SSS is stale. By comparison, when the PBCH is moved to the end, in case 2b, the detection improves. This may not be problem if high doppler can be alleviated by increasing the SCS size and making the symbols shorter. This is discussed in following section. 
[image: ]
[bookmark: _Ref1077411]Figure 3 Detection Probability in 6GHz, SCS 30kHz, Highway
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[bookmark: _Ref1077423]Figure 4 Detection Probability in 30GHz, SCS 120kHz, Highway
1.3 Compare different SCS
To avoid overcrowding the figures we use only combination 2b, 3 in this section. The combinations are compared at 6GHz with SCSs of 15kHz, 30kHz and 60kHz in Urban NLOS in Figure 5 and Highway NLOS scenarios in Figure 6. As expected, we observe that the higher the SCS, the better the detection probability. However, we can also observe that the performance gap between the curves increased in higher speed scenarios. In part, this is also due to the better ability of option 2b to estimate the initial CFO. This can be seen in Figure 7. 
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[bookmark: _Ref1077242]Figure 5 Detection Probability in 6GHz, Urban NLOS, Different SCS
[image: ]
[bookmark: _Ref1077272]Figure 6 Detection Probability in 6GHz, Highway LOS, Different SCS
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[bookmark: _Ref1119521]Figure 7 Residual CFO in 6GHz, Highway LOS, Different SCS
Combination 2b, 3 are compared again, now at 30GHz center frequency with 60kHz and 120kHz SCS. Low speeds in Urban grid NLOS are compared in Figure 7, and Highway LOS scenarios are compared in Figure 8. In these, we can see that the detection performance improved with increased SCS. Low SCS performs poorly, especially at high speeds. 120kHz SCS is required to pass 80% detection probability even in the option 2b case. In NR, SSB can also use 240kHz SCS. If repetition is not used for S-SSB, using SCS as high as 240kHz may be required to support 30GHz center frequency in high speed scenarios. 
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[bookmark: _Ref1077462]Figure 8 Detection Probability in 30GHz, Urban NLOS, Different SCS
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[bookmark: _Ref1077469]Figure 9 Detection Probability in 6GHz, Highway LOS, Different SCS
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Figure 10 Residual CFO in 6GHz, Highway LOS, Different SCS
In summary, we compare the joint detection performance for S-PSS and S-SSS in various scenarios. It can be observed that the detection performance was worse in the high speed highway scenario as compared with the detection performance in the low speed urban scenario. This may also be attributed to the fact that coherent detection of S-SSS was based on the channel that is estimated from the S-PSS. We observed that performance could be improved by repetiting the S-PSS, S-SSS in time, by reducing the distance between S-PSS, S-SSS, or by reducing the total time duration of S-SSB by increasing the SCS. 

[bookmark: _Ref521073172][bookmark: _Toc521074174]Observation 1: The sequences used in NR Uu PSS/SSS may be reused for the NR V2X S-PSS/S-SSS design.
Observation 2: The NR SSB may be considered with minimal changes to the NR V2X S-SSB design to meet the requirement in all realistic scenarios.
Observation 3: If >90% detection probability is required in all the scenarios with high speed scattering, repetition of PSS/SSS may be considered, or using higher SCS may be considered. 
Observation 4: Higher SCS improves the performance considerably in high velocity scenarios. 

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 reused for the NR V2X S-PSS/S-SSS design.
Observation 2: The NR SSB may be considered with minimal changes to the NR V2X S-SSB design to meet the requirement in all realistic scenarios.
Observation 3: If >90% detection probability is required in all the scenarios with high speed scattering, repetition of PSS/SSS may be considered, or using higher SCS may be considered. 
Observation 4: Higher SCS improves the performance considerably in high velocity scenarios. 
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Annex 1: Simulation assumptions
	 
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	6 GHz
	30 GHz

	Channel Model
	CDL-V2X 
· Highway: LOS, NLOSv
· Urban Grid, LOS, NLOS, NLOSv 

	Antenna Configuration
	1,1,2,1,1 at Tx and Rx 
	 2,4,2,1,1 at Tx and Rx

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

	UE Speed
	3 km/h, 120 km/h (absolute)
	3 km/h, 120 km/h (absolute)

	Interference model
	Scenario 1: no interference
	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
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