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[bookmark: _Ref521194621]Introduction
The NR V2X study item (SI) was approved in the 3GPP RAN#80 meeting [1]. The study item targets standardization of 5G NR in the area of vehicle applications. Identified use cases are vehicles platooning, extended sensors, advanced driving, and remote driving, and so on. The corresponding SI objectives include sidelink design, Uu enhancements for advanced V2X use cases, Uu-based sidelink resource alloca-tion/configuration, RAT/Interface selection for operation, QoS management, and co-existence. Among the above objectives, sidelink design is of significant importance in that it is the first sidelink design effort in NR and it is the main enabler for the efficient V2V communication. Among the several sidelink design issues, sidelink synchronization procedure is the part of initial access operation and has some urgency over others.
Hence, in this contribution, we discuss some considerations in designing NR V2X sidelink synchronization mechanism. 
Discussions
Review of LTE sidelink synchronization
In LTE, sidelink communication was first introduced for supporting device-to-device (D2D) connectivity in Rel-12. One of the important functionalities for the sidelink communication is the sidelink synchronization. Before establishing sidelink connectivity between UEs, synchronization between these UEs should be done in advance. If a UE is within a coverage area of a specific cell, it can obtain timing reference from the gNodeB by detecting the synchronization signals, i.e., PSS and SSS. However, for a UE which is not in any network coverage area, it will not be possible to obtain timing reference from the gNodeB. In order to handle this problem, as seen in Figure 1, the LTE D2D specified a sidelink synchronization mechanism which utilizes a kind of synchronization signals a UE can broadcast, namely sidelink synchronization signals (SLSSs). A SLSS consists of a primary SLSS (PSLSS) and a secondary SLSS (SSLSS). The PSLSS and SSLSS can be transmitted by an in-coverage UE already synchronized with the gNodeB and can be received by an out-of-coverage UE, thereby enabling the out-of-coverage UE to obtain the timing reference with the network. If there is no UE which in coverage in an area due to, for example, geographical isolation, the SLSS can be transmitted and received among the out-of-coverage UEs, achieving local synchronization among them.


[bookmark: _Ref521192853]Figure 1. Concept of sidelink synchronization in LTE D2D
In addition to synchronization signals, a broadcast channel is also defined for sidelink transmission, namely physical sidelink broadcast channel (PSBCH). It delivers an in-coverage indicator representing whether the UE transmitting this PSLSS/SSLSS/PSBCH is in coverage or not as well as sidelink bandwidth, frame and subframe number, and TDD configuration.
Observation 1: In LTE, the sidelink synchronization mechanism utilizes sidelink synchronization signals of PSLSS and SSLSS and sidelink broadcast channel of PSBCH.
NR downlink synchronization
In order to support multi-beam operation especially for high frequency bands such as mmWave bands, NR introduced a method of repetitive transmission of synchronization signal (SS) blocks. Each SS block consists of PSS, SSS, and PBCH, and may correspond to a physical beam of a gNodeB, as seen in Figure 2. A collection of SS block forms SS burst set where up to 64 SS blocks can be packed into a SS burst set for frequency range above 6 GHz. 


[bookmark: _Ref521195948]Figure 2. SS transmission structure
Observation 2: NR supports a repetitive transmission of SS blocks to enable multi-beam cell search operation.
NR sidelink synchronization
For NR V2X study, it was agreed to employ mmWave frequency bands such as around 30 GH and/or 63 GHz for the V2I, V2V, V2P links both for urban grid and highway scenarios [3]. It is well known that such mmWave signals are prone to blockage. Hence, the NR V2X study will consider vehicle-induced blockage, namely NLOSv as well as LOS cases [3]. If a vehicle UE is not able to obtain timing reference from the gNodeB due to such blockage, nearby in-coverage vehicle UEs can assist synchronization by sending sidelink synchronization signals (SLSS) and broadcast channel (SL-BCH) such as PSLSS, SSLSS, and PSBCH. In addition, by reusing the NR downlink SSB (DL-SSB) structure, this synchronization procedure can be involved in multi-beam operation so that the out-of-coverage vehicle UE can select the best beam containing the sidelink synchronization signal block (SL-SSB), as seen in Figure 3. 
Proposal 1: NR V2X should reuse the downlink SS block structure for the sidelink synchronization signals and sidelink broadcast channel transmission.
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[bookmark: _Ref521197213]Figure 3. SS block structure for sidelink synchronization
If SL-SSB is transmitted in addition to DL-SSB in the same cell area, a multiplexing scheme between DL-SSB and SL-SSB is needed. There will be several options, namely time-division multiplexing (TDM), frequency-division multiplexing (FDM), and FDM with time-domain offset (i.e., a combination of TDM and FDM), as seen in Figure 4. The TDM scheme allows the transmission of SL-SSB at the same frequency resources with DL-SSB. In this case, the UEs only need to search the common frequency region for the downlink and sidelink synchronizations. However, it will not be possible to configure short SSB burst periodicity such as 5 ms, leading to collision between DL-SSB and SL-SSB. The FDM scheme allocates DL-SSB and SL-SSB in the different frequency resources. In this case, the UE need to search both frequency regions at the same time, making the UE receiver implementation more complex. Another option will be a hybrid of TDM and FDM. The UEs search different frequency regions at the different time.


[bookmark: _Ref521198963]Figure 4. Multiplexing of DL-SSB and SL-SSB: a) TDM; b) FDM; c) FDM with time-domain offset
Proposal 2: NR V2X should investigate a multiplexing scheme between DL-SSB and SL-SSB, with the following options:
· TDM
· FDM
· FDM with time-domain offset
Conclusion
In this contribution, we discussed NR V2X sidelink synchronization methods with special emphasis on mmWave applications. Our observations and proposal are reproduced below:
Observation 1: In LTE, the sidelink synchronization mechanism utilizes sidelink synchronization signals of PSLSS and SSLSS and sidelink broadcast channel of PSBCH.
Observation 2: NR supports a repetitive transmission of SS blocks to enable multi-beam cell search operation.
Proposal 1: NR V2X should reuse the downlink SS block structure for the sidelink synchronization signals and sidelink broadcast channel transmission.
Proposal 2: NR V2X should investigate a multiplexing scheme between DL-SSB and SL-SSB, with the following options:
· TDM
· FDM
· FDM with time-domain offset
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