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1 Introduction
An LS was sent from RAN1 on NR V2X S-SSB design [1]. The issue related to RAN4 is to evaluate whether the transient period is needed from implementation point of view. 
This contribution provides the performance evaluation of S-SSB structure with and without transient period as well as some considerations from implementation perspective. 
2 Discussion

The agreements in RAN1 on S-SSB structure are listed as below:
	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.
Working assumption:

· For the NR SLSS, 
· Same sequence is used for both symbols of S-PSS
· Same sequence is used for both symbols of S-SSS
Agreements:

· NR S-SSB structure for NCP is as follows:
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· For the case of ECP, the structure is the same as the above except that the number of PSBCH symbols after S-SSS is only 6

Send LS to RAN4 with the above agreements, and add:

· It is up to RAN4 to decide whether a transient period is necessary or not. If so, to address the transient period, one possibility is to shift the symbols starting the first S-SSS symbol by at least one symbol. 


Also there are some agreements in RAN1 for performance evaluation:

	Agreements:

The following parameters are assumed for evaluation:

· Power Difference for S-PSS and S-SSS symbols:

· Opt.1) MPR values: S-PSS = 0 dB, S-SSS = 3 dB;

· Opt.2) MPR values: S-PSS = 3 dB, S-SSS = 3 dB

· Opt.3) companies to report the assumed MPR values

· Transient period is

· 10us for FR1; 5us for FR2

· Waveform puncturing during the transient period

· S-PSS detection search window: 80ms and 160ms.


In LTE SLSS there are two PSSS symbols, two SSSS symbols, and 3 DMRS symbols within the synchronization subframe. The other symbols are used for AGC, gap, and PSBCH. When UE transmits the SLSS/PSBCH subframe, no other signal or channels can be transmitted in this subframe. The periodicity of SLSS is 160 ms considering the system overhead. This is shown in Figure 1 below. 
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Figure 1: Structure of LTE V2X synchronization subframe

The first symbol of synchronization subframe is used to for AGC in LTE-V2X. Data based AGC symbol can be applicable to both NR-V2X S-SSB and data channel and which can give more flexibility to the receiver to decide whether it can use the symbol to aid decoding or not. Based on RAN1 agreement, the first PSBCH symbol in the synchronization slot is used as AGC symbol.
Another related issue is the MPR impact on different S-SSB symbols. In the last meeting, the MPR issue between S-PSS and S-SSS has been raised. The MPR between S-PSS and S-SSS will be around 3 dB according to RAN1 agreements, and it is only used for evaluation. Furthermore, since the waveform used for PSBCH is CP-OFDM, then the PAPR of S-SSS will be almost the same as the PAPR of PSBCH. So in the synchronization slot, only the S-PSS symbols have lower PAPR then the S-SSS and PSBCH. For the PAPR difference, we check PAPR value for S-PSS, S-SSS and PSBCH in the following table 1. 

Table 1: Comparison of PAPR for S-SSS and PSBCH

	
	S-PSS
	S-SSS
	PSBCH

	Mean PAPR
	5.2245 dB
	7.5791 dB
	6.9206 dB


It is observed that the S-SSS and PSBCH have a similar PAPR value, while the one of S-PSS are lower by about 2.3 dB.  

There are two alternatives to treat this issue: 

· Alt 1: S-PSS symbols and S-SSS symbols are adjacent. 3 dB MPR for all symbols in the synchronization slot can be set. Then no transient period is needed. Since there is no guard symbol used for transient period, there is no performance loss on the PSBCH , S-PSS and S-SSS detection. The downside is the transmission power of S-PSS also is reduced. 
Alt 2: S-PSS symbols and S-SSS symbols are not adjacent. 3dB MPR only for S-SSS and PSBCH can be set, and some transient period would be needed between the first PSBCH and the first S-PSS, and between the first S-SSS and second S-PSS symbols. Two TPs will be needed: one is between the first PSBCH and the first S-PSS symbols; the other one is between the first S-SSS and second S-PSS symbols. 
The benefits for alternative 1 is keep the S-PSS higher transmission power and the shortcoming is the impact on the PSBCH, S-PSS and S-SSS detection performance if two TPs are applied, i.e. less symbol used for PSBCH and the code rate of PSBCH will be increased.

To evaluate which alternative is better, we check the joint detection performance for S-SSB and PSBCH for Alt 1 and Alt 2 in the following figure 2. 
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Figure 2: the joint detection performance for MPR option 1 and option 2

In figure 2, the green curve corresponds to Alt 2 where two transient periods (TP) are applied. Therefore the transmit power of S-PSS of Alt 2 could be 3 dB higher than that of the S-SSS for Alt 2. The red curve corresponds to Alt 1 where the S-PSS and the S-SSS needs to be applied with the same MPR, i.e., the transmit power of S-PSS and S-SSS are the same.

Alt 2 will achieve better S-PSS detection probability since more transmit power can be assigned to S-PSS comparing to Alt 1. However, Alt 2 needs to use two TPs between symbols, while Alt 1 can dedicate all the remaining symbols to PSBCH, therefore the decoding performance depends on the joint detection performance. We also noticed the TP duration will be 10us for FR1, which is too large for 60kHz SCS. From the above figure 2, we notice that the Alt 1’s joint decoding performance is better than Alt 2.

Observation 1: From the simulation results, no benefits are observed for Alt 2 with non-adjacent symbols.

From RAN4 perspective, though the MPR assumed in RAN1 evaluation is not the same as what will be defined in RAN4, the concept for Alt 1 is valid from implementation point of view. MPR only happens for the max output power scenario. For the S-SSB symbols, the output power upper bound could be determined by S-SSS, as it has the largest PAPR among the symbols. In that case, the output power for S-PSS with lower PAPR may not reach the possible maximum level, but that’s only one possible implementation solution, which could be further improved. Since RAN4 can always find a solution to guarantee the power is not changed between consecutive S-PSS and S-SSS, there is no need to introduce a transient period for these two kinds of symbols. 
Observation 2: From implementation point of view, no transient period is needed between S-PSS and S-SSS for the S-SSB structure agreed by RAN1.
3 Conclusion

Performance evaluation of S-SSB structure with and without transient period as well as some considerations from implementation perspective are provided in this contribution. Based on the analysis, we have the following observation.

Observation 1: From the simulation results, no benefits are observed for Alt 2 with non-adjacent symbols.

Observation 2: From implementation point of view, no transient period is needed between S-PSS and S-SSS for the S-SSB structure agreed by RAN1. 
References
[1] R1-1909874, LS to RAN4 on NR V2X S-SSB design
Annex: Simulation assumptions

	 
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	6 GHz
	30 GHz

	Channel Model
	urban-nlos, ds = 30ns
	 urban-nlos, ds = 100ns

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

	SNR Range
	> -6 dB
	> -6 dB

	Relative UE Speed
	6 km/h, 240 km/h  (mandatory)
60km/h, 500 km/h (optional)
	6 km/hr, 240 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

	Tx-Rx antenna number
	2Tx-4Rx

	Payload size of PSBCH
	56bits with 24 bits CRC for NR-V2X
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