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Introduction
In RAN1#95 meeting, the following agreements on synchronization mechanism of NR V2x study are approved [1]:

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:
· 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 AH#1901 meeting, the following agreements on synchronization mechanism of NR V2x study are approved [2]:
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
Agreements:
· At least for single-carrier operation:
· For the SL synchronization procedure, each type of synchronization reference has a respective sync priority 
· FFS the priority between eNB and gNB (if necessary)
· For the SL synchronization procedure, among the available references, a UE selects the synchronization reference with the highest priority as the reference to derive its transmission timing
· FFS other potential usage
· FFS how to handle the case when there are two or more references of a same priority to be selected as the highest priority

In this contribution, several aspects on NR V2x sidelink synchronization are discussed. The contribution is updated from contribution R1-1901018 [3].
Discussion
1 
2 
Synchronization source and its priority
Similar as LTE V2x, following synchronization sources can be considered for NR V2x communications:
· GNSS
· NodeB downlink synchronization signals
· V2x sidelink synchronization signals
· The own timing of V2x UE 
Introducing V2x sidelink synchronization channel for sidelink communication is necessary when UEs are out of coverage and with weak GNSS signal, especially in underground parking. A simplified NR based design of synchronization signal and sidelink broadcast channel can be considered for the NR sidelink synchronization. In addition, priority of the above synchronization source should be reconsidered based on the rules in LTE discussion.
On the other hand, multiple synchronization sources should have a clear priority definition at least for single-carrier operation. Basically, the one with the highest priority available should be used for synchronization. Similar as LTE, the synchronization signal strength can be used to select the synchronization source if the priority of sources is the same. However, the measurement of synchronization signal strength shall be clarified.
Proposal 1: Synchronization signal strength is used to select the synchronization source among resources with the same priority.
[bookmark: _Hlk521535684]Synchronization signal and PSBCH block
In LTE V2x, sidelink synchronization follows the LTE Uu signal design. Following the same design principle, NR V2x sidelink synchronization design should reuse NR Uu design as much as possible to reduce the standardization complexity. The SSB design in NR DL could be reused, that is, synchronization signal and PBCH are transmitted together for beam sweeping purpose. However, the details of SSB design can be further discussed including the bandwidth and number of symbols of the SSB. Considering the high speed scenario of V2x, higher SCS can be introduced to combat the Doppler frequency shift and carrier frequency error. Furthermore, CP-OFDM can be considered as the modulation of broadcast channel, and interleaved DMRS structure can be considered.
Comparing with LTE, in which the numerology and symbols of synchronization signal and DMRS are fixed, NR SSB structure could provide more flexible configuration by different numerology, SSB transmission and periodicity.
However, to simplify the synchronization design, the numerology and block numbers could be fixed according to sidelink frequency band. In addition, sidelink synchronization signal design should be a unified design for the whole NR V2x network. But for V2x application, in which UE moving at 500km/h should be considered for synchronization, thus some SSB transmission scheme such as repetition or periodicity reconfiguration could be beneficial. 
Observation 1:  Multiple S-SSB with same or different beam in one burst set is beneficial.
NR V2x synchronization periodicity
In RAN1 #94bis, periodic transmission of S-SSB in NR V2X is supported.  In NR Uu design, UE assumes 20ms synchronization SSB periodicity for initial access, and could be updated a periodicity within {5, 10, 20, 40, 80, 160}ms by higher layer configuration with unit of half radio frames. The periodicity of SLSS is enlarged to 200ms in LTE V2x for overhead consideration after improving synchronization performance by GNSS. Generally speaking, a longer synchronization periodicity could be beneficial for overhead efficiency, however, short periodicity is beneficial to guarantee the sidelink synchronization performance. When the UE are with good synchronization quality e.g. have strong GNSS signal or be close to the base station, the UE can transmit SLSS with a longer periodicity.
[bookmark: _Hlk525652010]A default synchronization periodicity which is longer could be defined for the case with good synchronization quality, and a shorter periodicity could be configured by the base station or synchronization source vehicle in case the synchronization quality is worse.  
However, in some underground scenario, shorter period of synchronization signal could be beneficial for V2x application requirements, such as parking and accident avoiding. Without GNSS and NodeB coverage, V2x UE may adjust the periodicity and do SSB repetition, so flexible configured S-SSB transmission in one burst set should be supported. 
Proposal 2: A longer default periodicity with configurable periodicity according to synchronization signal coverage could be defined.
PSBCH content
Similar as LTE V2x, SFN and in-coverage indicator can be included in NR PSBCH. In addition, slot format indicator (SFI) can be included to replace TDD configuration field. In order to support the beam operation in NR, the Sidelink SSB timing index and actual transmitted SSB information should also be included. It needs to be further investigated whether resource pool information can be included in NR PSBCH.
Besides PBCH, NR RMSI carries some SSB related information such as position, periodicity and power, however, in NR, RMSI may not needed, so some information should be considered in PSBCH.
Reusing LTE V2x synchronization 
NR V2x aims to support advanced V2x services, and the basic V2x services can still be served by LTE V2x. For a UE supporting both NR V2x and LTE V2x, it can communicate with NR V2x and LTE V2x simultaneously for different V2x applications. In such a case, it may be redundant to maintain two independent synchronization mechanism for both NR V2x and LTE V2x. It would be beneficial at least on interference control if NR V2x communication can reuse LTE V2x synchronization sources as the NR V2x synchronization source, including LTE eNB DL synchronization signals, and LTE V2x sidelink synchronization signal. 
Proposal 3: NR V2x communication can select LTE V2x synchronization source as the NR V2x synchronization source.
Conclusion
In this contribution, the synchronization issue of NR V2x is discussed. Based on the discussion, the following proposals are proposed:
Proposal 1: Synchronization signal strength is used to select the synchronization source among resources with the same priority.
Proposal 2: A longer default periodicity with configurable periodicity according to synchronization signal coverage could be defined.
Proposal 3: NR V2x communication can select LTE V2x synchronization source as the NR V2x synchronization source.
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