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The following agreements on the NR V2X sidelink synchronization were made in the 3GPP RAN1#94bis meeting [1]:
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#95 and RAN1-AH-1901 meetings [2], :
Agreements:
· For evaluation of V2X S-SSB, the transmission bandwidth of S-SSB is in proportion to the SCS for the design of V2X S-SSB.  
· Alt1: 24 PRBs 
· Alt2: 20 PRBs  
· Other values are not precluded
Agreements:
· Combination 1: 
· Time domain: 2 symbol of length-127 S-PSS, 2 symbol of length-127 S-SSS 
· Frequency domain:11 or 12 RBs
· BW containing S-SSB: 
· 2.5 MHz for 15 kHz SCS
· 5 MHz for 30 kHz SCS
· 10 MHz for 60 kHz SCS
· 20 MHz for 120 kHz SCS
· Combination 2: 
· Time domain: 2 symbol of length-127 S-PSS, 2 symbol of  length-127 S-SSS 
· Frequency domain:  20 RBs
· BW containing S-SSB: 
· 5 MHz for 15 kHz SCS
· 10 MHz for 30 kHz SCS
· 20 MHz for 60 kHz SCS
· 40 MHz for 120 kHz SCS
· Combination 3: 
· Time domain: 1 symbol of length-127 S-PSS, 1 symbol of  length-127 S-SSS 
· Frequency domain:  20 RBs
· BW containing S-SSB: 
· 5 MHz for 15 kHz SCS
· 10 MHz for 30 kHz SCS
· 20 MHz for 60 kHz SCS
· 40 MHz for 120 kHz SCS
· Combination 4: 
· Time domain: 1 symbol of length-255 S-PSS, 1 symbol of  length-255 S-SSS 
· Frequency domain:  24 RBs
· BW containing S-SSB: 
· 5 MHz for 15 kHz SCS
· 10 MHz for 30 kHz SCS
· 20 MHz for 60 kHz SCS
· 40 MHz for 120 kHz SCS
· Other combinations are not precluded.
· Note:  Company should specify the assumptions, such as total energy per SSB, when the performance results are compared between different combinations.  
In this contribution, we discuss some considerations in designing NR V2X sidelink synchronization mechanism.
Discussions
Sidelink SSB structure
For NR V2X study, it was agreed to employ mmWave frequency bands (FR2) such as around 30 GH and/or 63 GHz for the V2I, V2V, V2P links [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 [4]. 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) using the periodic SL-SSB transmission structure, as seen in Figure 1. 
Proposal 1: In NR V2X periodic SL-SSB structure, multiple SL-SSBs are transmitted in a period at least for FR2. 
[image: ]
[bookmark: _Ref521197213]Figure 1. 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 should be studied. Even though the SL-SSB is intended for the out-of-coverage UEs that cannot detect DL-SSB, the in-coverage UEs will receive both the DL-SSB and SL-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 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 2. 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
Sidelink SSB transmission bandwidth
The determination of the sidelink SSB transmission bandwidth is related to many aspects of synchronization performance. On the one hand, wider sidelink SSB bandwidth is advantageous for improving synchronization signal detection probability and increasing broadcast channel payload without increasing the number of SSB symbols in the time domain. On the other hand, wide sidelink SSB bandwidth requires UEs to be capable of wide bandwidth synchronization processing.
In general, it is preferred to have the same PRB size for the sidelink SSB regardless of the sidelink transmission bandwidth and numerology, similar to that in the downlink having the single PRB size of 20. At the same time, it is identified that some of the bandwidth and numerology combinations have limited PRB size to be utilized for the sidelink SSB transmission. One example combination is the 10 MHz sidelink bandwidth support with the subcarrier spacing of 60 kHz, which cannot support large PRB sizes such as 20 or 24 PRBs. 
Hence, in order to support such narrowband UEs while maintaining a common sidelink SSB structure having enough transmission bandwidth, a sidelink SSB design which enables SSB detection with partial bandwidth processing is needed. Figure 3 shows examples of SSB detection with partial bandwidth processing. The wideband UEs perform synchronization using the entire sidelink SSB bandwidth (e.g., 24 PRBs). The narrowband UEs perform synchronization using the partial sidelink SSB bandwidth (e.g., 12 PRBs) at the expense of lowered detection performance. However, both the wideband and narrowband UEs are supported in a common sidelink SSB design. The sidelink SSB can be designed so that its detection is possible by processing only narrowband SSB bandwidth portion, e.g., repeating SSB signals in the frequency domain. There may be differences in detection performance and coverage for the narrowband UEs and wideband UEs. The detection performance degradation of the narrowband UEs due to the reduced amount of SSB resources can be minimized by boosting transmission power of the SSB bandwidth portion targeted to the narrowband UEs.


[bookmark: _Ref973423]Figure 3 Examples of SSB detection with partial bandwidth processing
Proposal 3: NR V2X should study sidelink SSB structure which enables SSB detection with partial bandwidth processing.
Conclusion
In this contribution, we discussed NR V2X sidelink synchronization methods with special emphasis on mmWave applications. Our observations and proposal are reproduced below:
Proposal 1: In NR V2X periodic SL-SSB structure, multiple SL-SSBs are transmitted in a period at least FR2. 
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
Proposal 3: NR V2X should study sidelink SSB structure which enables SSB detection with partial bandwidth processing.
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