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[bookmark: _Ref521194621]Introduction
The NR V2X work item was approved in RAN#83 meeting and it contains the sidelink synchronization mechanism in its scope [1]. as follows:
	· Sidelink synchronization mechanism as per the study outcome [RAN1, RAN2]
· Procedures selecting synchronization reference
· S-SSB and procedures to transmit and receive it, including when GNSS and gNB/eNB are unavailable
· Use of RS for sidelink synchronization if specification impact is identified


In this regard, the following agreements on the NR V2X sidelink synchronization were made in the 3GPP RAN1#94bis meeting [2]:
Agreements:
· The design of NR V2X sidelink synchronization signals and PSBCH uses NR SSB structure as the starting point with the following properties,
· NR V2X synchronization signals include sidelink PSS (S-PSS) and sidelink SSS (S-SSS) and are structured with PSBCH in a block format (S-SSB)
Agreements:
· Periodic transmission of S-SSB in NR V2X is supported
· FFS:  whether one/more S-SSB is transmitted in a period
More agreements were made in the 3GPP RAN1#97 meeting [3]:
Agreements:
· In NR V2X, from transmitter perspective, the period (P1 in unit of ms) of S-SSB(s) transmission is the same for all SCS, for further down-selection:
· Alt 1: the number of S-SSB(s) transmitted within P1is (pre-)configurable.
· Alt 2: the number of S-SSB(s) transmitted is fixed within P1 per SCS.
· Alt 3: only one S-SSB for all SCS is transmitted within P1.
In this contribution, we discuss some considerations in designing NR V2X sidelink synchronization mechanism.
Discussions
[bookmark: _GoBack]Sidelink SSB structure
It was agreed in RAN1#94bis that NR downlink SSB is a baseline in the design of NR V2X sidelink SSB (S-SSB) structure. In the NR downlink SSB design, multiple SSB transmissions within a SSB period is supported and the number of SSB transmissions within a period is configurable with a given maximum number of SSB transmissions according to the carrier frequency. In the NR downlink, the support of the multiple SSB transmissions within a period was to accommodate the multi-beam operation during the initial access phase. In the NR V2X sidelink design, it was decided not to explicitly support multi-beam operation in Rel-16. However, the advantage of supporting multiple S-SSB transmissions within a period is still valid in terms of coverage enhancement and transmission flexibility. For example, the SSB detection probability can be improved either combining SSBs within a period. The coverage gain from combining SSBs will be more significant for large subcarrier spacing.
Proposal 1: NR V2X supports multiple S-SSB transmissions in a period. 
Regarding the S-SSB transmission period, it was agreed to have the same period for all subcarrier spacing values. The remaining issue is the configurability of the number of S-SSBs. It is expected that more S-SSBs should be transmitted in order to have large coverage area. In addition, diverse coverage requirements should be satisfied to support different 5G V2X use cases and deployment scenarios. Hence, configurable number of transmitted S-SSBs within a period (P1) should be supported.
Proposal 2: In NR V2X, the number of S-SSB(s) transmitted within P1 is (pre-)configurable.
If S-SSB is transmitted in addition to DL-SSB in the same cell area, a multiplexing scheme between D-SSB and S-SSB should be studied. Even though the S-SSB is intended for the out-of-coverage UEs that cannot detect D-SSB, the in-coverage UEs will receive both the D-SSB and S-SSB due to their broadcast nature. 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 2. The TDM scheme allows the transmission of S-SSB at the same frequency resources with D-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 D-SSB and S-SSB. The FDM scheme allocates D-SSB and S-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 2. Multiplexing of DL-SSB and SL-SSB: a) TDM; b) FDM; c) FDM with time-domain offset
Proposal 3: 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 mechanism. Our proposals are reproduced below:
Proposal 1: NR V2X supports multiple S-SSB transmissions in a period. 
Proposal 2: In NR V2X, the number of S-SSB(s) transmitted within P1 is (pre-)configurable.
Proposal 3: 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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