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Introduction
In the RAN1#94bis meeting, synchronization source and basic design of NR V2X sidelink synchronization signals and PSBCH were mainly discussed and RAN1 made following agreements [1].
	Agreements:
At least GNSS, gNB, NR UE, and eNB are supported as the synchronization source for NR V2X.
eNB as a synchronization source for NR V2X UEs supporting LTE Uu/PC5 or Uu only (no change to the eNB behaviour) 
Whether a source is supported is for further NR V2X UE capability consideration
Agreements:
NR V2X sidelink operation includes the following cases:
NR V2X sidelink is synchronized with LTE V2X sidelink
NR V2X sidelink synchronization procedure operates independently to the LTE V2X sidelink synchronization procedure
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


In this contribution, the design, resource allocation and procedure for NR V2X synchronization will be discussed.
Discussion
S-SSB structure/design 
It was agreed that NR V2X supports S-SSB which includes S-PSS, S-SSS and PSBCH, and the design of S-SSB uses NR SSB structure as the starting point. Although waveform may different between DL and SL, e.g., CP-OFDM for DL and DFT-S-OFDM for SL, at least within S-SSB, i.e., S-PSS, S-SSS and PSBCH, same waveform should be used. Otherwise, S-SSB structure would be too complex. Which waveform is selected/configured for S-SSB can be considered based on general waveform for NR V2X, which is discussed in relevant agenda.
Proposal 1: Support common waveform(s) for S-PSS, S-SSS and PSBCH within S-SSB.
Regarding PSBCH contents, PSBCH can provide TDD UL-DL configuration in LTE. Hence similar information can be provided on NR PSBCH as well. However, as flexible TDD UL-DL configuration was introduced for NR Uu, the number of bits for TDD UL-DL configuration will be significantly larger than that in LTE. Therefore, how to indicate TDD UL-DL configuration with reasonable overhead on NR PSBCH should be studied.
Observation 1: The number of bits for TDD UL-DL configuration in NR PSBCH will be significantly larger than that in LTE.
Proposal 2: Study how to indicate TDD UL-DL configuration in NR PSBCH with reasonable overhead.
S-SSB resource allocation
In LTE, SLSS and PSBCH are multiplexed occupying a whole subframe, and UEs cannot perform data transmission/reception during SLSS/PSBCH occasion as shown in Fig. 1. This can be a limitation factor for URLLC data transmission in sidelink. Therefore, how to multiplex NR S-SSB with PSCCH/PSSCH need to be studied, e.g., multiplexing NR S-SSB and PSCCH/PSSCH in a single slot in TDMed and/or FDMed manner.
[image: ]
Figure 1: Limitation of SLSS/PSBCH configuration in LTE V2X

Proposal 3: Support to multiplex NR S-SSB and PSCCH/PSSCH in a single slot in TDMed and/or FDMed manner.
In NR V2X, FR2 is also included in the SID scope [2]. In order to overcome severe attenuation in mmW, transmitting S-SSB multiple times via different beam or repetition needs to be considered. In RAN1#94bis, periodic transmission of S-SSB in NR V2X was supported, and it was discussed whether one/multiple S-SSB is/are transmitted within a period. The set of S-SSBs within a S-SSB period should correspond to one round of all beams or repetitions for coverage enhancement. Such set of S-SSBs within a S-SSB period can be termed as S-SSB burst set, which is similar as NR SSB burst set.
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Figure 2: S-SSB burst set

Proposal 4: Support multiple S-SSB transmission within a S-SSB period.
· The multiple S-SSB transmission within the period is termed as “S-SSB burst set”. 
Synchronization resource is configured with fixed defined period in LTE V2X and three independent offset indicators can configure up to three synchronization resources. However, multiple beams or repetition for coverage enhancement should be considered in NR V2X. The rate of synchronization resource allocation depends on the periodicity of S-SSB burst set and the number of S-SSBs within S-SSB burst set. The number of S-SSBs within S-SSB burst set would vary depending on V2X application, area and so on, and then should be configurable. Thus, the periodicity of S-SSB burst set should be configurable instead of fixed defined period in order to adjust the rate of synchronization resource allocation.
Proposal 5: Periodicity of S-SSB burst set and the number of S-SSBs within S-SSB burst set should be configurable.
Synchronization procedure
Synchronization source/reference selection 
In LTE V2X, synchronization sources include base station, GNSS, UE-relayed base station timing, UE-relayed GNSS timing, and UE-relayed other UE’s timing. A priority rule was defined for those synchronization sources, and can be overridden by base station configuration. When multiple synchronization sources are available at UE, the UE selects one synchronization source according to the defined/configured priority rule. Within the same priority, source with higher RSRP is prioritized.
On the other hand, in NR V2X, at least GNSS, gNB, NR UE, and eNB were supported as the synchronization source. The remaining issue is on whether LTE UE should be supported as the synchronization source. With the above synchronization sources, the case where LTE UE is needed is quite limited. Even when all of GNSS, gNB, or eNB are not available, NR UE can be used. The only case LTE UE is needed as synchronization source may be that UE needs to know LTE timing for LTE-NR SL coexistence assuming LTE and NR are not synchronized. However, according to the agreement made in RAN1#94bis, LTE and NR assumed to be synchronized [1]. 
	Agreements:
· For TDM solutions, LTE and NR V2X sidelinks are assumed to be synchronized 
· FFS accuracy of time alignment/synchronization
· FFS alignment whether slot level and/or DFN based alignment is needed



Therefore, we don’ find no practical use case to support LTE UE as synchronization source.
Proposal 6: Do not support LTE UE as synchronization source unless sufficient benefit is shown.
In addition, as proposed in our companion paper [3], NR V2X should consider (pre)configured or autonomous UE grouping. Here the same synchronization source should be used in a UE group. Thus, group based synchronization source configuration should be studied. Furthermore, if a UE belongs to multiple groups as in Fig. 3, alignment of synchronization source among the groups should be considered.
Proposal 7: Group based synchronization source configuration should be studied.
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Figure 3: Synchronization within/between UE group(s)

Conclusion
In this contribution, synchronization mechanisms have been discussed. Based on the discussion, the following observation and proposals were made:
Proposal 1: Support common waveform(s) for S-PSS, S-SSS and PSBCH within S-SSB.
Observation 1: The number of bits for TDD UL-DL configuration in NR PSBCH will be significantly larger than that in LTE.
Proposal 2: Study how to indicate TDD UL-DL configuration in NR PSBCH with reasonable overhead.
Proposal 3: Support to multiplex NR S-SSB and PSCCH/PSSCH in a single slot in TDMed and/or FDMed manner.
Proposal 4: Support multiple S-SSB transmission within a S-SSB period.
· The multiple S-SSB transmission within the period is termed as “S-SSB burst set”. 
Proposal 5: Periodicity of S-SSB burst set and the number of S-SSBs within S-SSB burst set should be configurable.
Proposal 6: Do not support LTE UE as synchronization source unless sufficient benefit is shown.
Proposal 7: Group based synchronization source configuration should be studied.
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S-SSB occasion:
UE cannot perform data transmission during S-SSB occasion.
For URLLC traffic, this is problematic.
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