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1. Introduction
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]An LS on NR V2X S-SSB design from RAN1 has been sent to RAN4 in RAN1#98 meeting. The primary aim of the LS is to ask RAN4 whether a transient period is necessary between adjacent S-PSS and S-SSS or PSBCH and whether to shift the symbols starting the first S-SSS symbol by at least one symbol if the transient period exists.  
In this contribution, whether a transient period between S-PSS and S-SSS or PSBCH is required and how to set the transient period are primarily discussed based on physical layer design. In addition, one solution to address the transient period is analyzed and proposed from RAN4 perspective.
2. Discussion
As per the previous RAN1 meetings, the concrete agreements concerning NR V2X synchronization mechanisms are shown as follows [1]:
	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. 



[bookmark: OLE_LINK2][bookmark: OLE_LINK3]In the initial NR S-SSB structure specified in the LS by RAN1, S-PSS symbols and S-SSS symbols are adjacently located in one S-SSB transmission. Based on the simulation results in [2], the PAPR of S-SSS is higher than that of S-PSS by 5dB at 99.9% CDF point, while it is almost the same as that of PSBCH. The MPR impact aroused by different PAPRs of S-PSS and S-SSS or PSBCH should be taken into account. As a result, a transient period is essential to alleviate the performance impact on the S-PSS and S-SSS detection in the case that S-PSS and S-SSS or PSBCH are time adjacent.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Proposal 1: A transient period is essential between S-PSS and S-SSS or PSBCH to alleviate the performance impact on the S-PSS and S-SSS detection.
To address the transient period, one possible solution is to utilize the higher MPR for both S-PSS and S-SSS symbols. The problem is that higher MPR for S-PSS gives rise to performance degradation of S-PSS detection [2]. Nevertheless, S-PSS symbols and S-SSS symbols can be non-adjacent along with one (or several) PSBCH symbol(s) distributed in between. In this case, the transmit power of S-PSS no longer needs to back off to a relatively lower level, which can significantly guarantee the S-PSS detection performance. Given that S-SSS and PSBCH have the same MPR, a transient period is not required between these two signals. Therefore, the impact on S-SSB detection performance can be also alleviated with the insertion of PSBCH between S-PSS and S-SSS symbols. 
The performance of PSBCH and S-SSS detection is associated with the number of PSBCH symbols distributed between S-PSS and S-SSS symbols. In the LTE V2X design, S-PSS symbols and S-SSS symbols are respectively distributed in the head part and tail part of synchronisation subframe along with several PSBCH symbols in the middle part. One drawback of this design is that the receiver needs to first buffer the PSBCH symbols until detecting the S-SSS symbols, thereby affecting the S-SSS detection performance. The more the PSBCH symbol distributed between the S-PSS and S-SSS symbols, the larger the impact on the S-SSS detection performance will be. 
Besides, fewer PSBCH symbols distributed between S-PSS and S-SSS lays a smaller burden upon the UE buffering capability. Also, the S-PSS symbol in close proximity to S-SSS is capable of enhancing the S-SSS detection performance with the assistance of S-PSS. Considering the impact on the S-SSS detection performance and the limited UE buffering capability, the number of PSBCH symbols distributed between S-PSS and S-SSS symbols shall not exceed a certain level. From RAN4 perspective, it is proposed to insert one PSBCH symbol between S-PSS and S-SSS symbols for NR V2X.
[bookmark: OLE_LINK1][bookmark: OLE_LINK10]Proposal 2: To reduce the performance impact on S-SSS detection, it is proposed to insert one PSBCH symbol between S-PSS and S-SSS.
One S-SSB is composed of S-PSS, S-SSS and PSBCH, among which the S-PSS probably has the highest priority regarding detection performance. It is thus essential to first guarantee the S-PSS detection performance, even slightly scarifying the detection performance of PSBCH. When it comes to the transition between S-PSS and PSBCH, the transient period should be implemented in the PSBCH symbol to reduce the impact on S-PSS detection performance to a large extent.
Proposal 3: The transient period should be implemented in the PSBCH symbol to reduce the impact on S-PSS detection performance.
The increasing progress of communication RF device technology enables RF requirements to be more relaxed. In terms of the transient period between S-PSS and PSBCH, its length can be set to be much shorter compared to that of LTE V2X. In accordance with the transmit ON/OFF mask requirement for NR Uu, the transient period between S-PSS and PSBCH for NR V2X in FR1 should be 10us. To sum up, the proposed S-SSB structure with the transient period for NR V2X is shown in Figure 1.
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Figure 1: The proposed S-SSB structure with the transient period for NR V2X
Proposal 4: The transient period for NR V2X in FR1 should be 10us following the transmit ON/OFF time mask requirement for NR Uu.




3. Conclusion
This contribution primarily discusses the transient period between S-PSS and S-SSS or PSBCH. To deal with the transient period, one proposed S-SSB structure with the transient period for NR V2X is analyzed from RAN4 perspective. In conclusion, the following proposals concerning the transient period and S-SSB structure are provided for NR V2X.
Proposal 1: A transient period is essential between S-PSS and S-SSS or PSBCH to alleviate the performance impact on the S-PSS and S-SSS detection.
Proposal 2: To reduce the performance impact on S-SSS detection, it is proposed to insert one PSBCH symbol between S-PSS and S-SSS.
Proposal 3: The transient period should be implemented in the PSBCH symbol to reduce the impact on S-PSS detection performance.
Proposal 4: The transient period for NR V2X in FR1 should be 10us following the transmit ON/OFF time mask requirement for NR Uu.
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