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Introduction
In the NR V2X SID [1], following objectives are captured.
	1: Sidelink design [RAN1, RAN2]:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
· Study NR sidelink physical layer structures and procedure(s)
· Study sidelink synchronization mechanism
· Study sidelink resource allocation mechanism (also including objective 3)
· Study sidelink L2/L3 protocols
NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.
2: Uu enhancements for advanced V2X use cases [RAN1, RAN2, RAN3]:
· Evaluate whether Rel-15 NR Uu and LTE Uu interfaces will support advanced V2X use cases
· Identify enhancements, if any, that are needed to meet advanced V2X use cases
NOTE: Also consider other Rel-16 NR and LTE SI/WI enhancements to avoid overlap.
3: Uu-based sidelink resource allocation/configuration (LTE V2X Mode3-like and Mode4-like) [RAN1, RAN2]:
· Identify necessary enhancements of LTE Uu and NR Uu to control NR sidelink from the cellular network 
· Identify necessary enhancements of NR Uu to control LTE sidelink from the cellular network 
4: RAT/Interface selection for operation [RAN2, RAN3]:
In coordination with SA2, study if additional mechanisms are required for decision on whether LTE PC5, NR PC5, LTE Uu or NR Uu shall be used for operation.
5: QoS management [RAN1, RAN2]:
· Study technical solutions for QoS management of the radio interface (including both Uu and sidelink) used for V2X operations based on input from SA2
6:  Coexistence [RAN1]:  
· In-device coexistence: Study the feasibility of the coexistence mechanisms when NR sidelink and LTE sidelink technologies are equipped in the same vehicle for the ‘not co-channel’ scenario: 
· Advanced V2X services provided by NR sidelink coexisting with V2X service provided by LTE sidelink in different channels (i.e., not co-channel).  Not co-channel could include both adjacent channel and channels that are sufficiently far apart.

NOTE: It is assumed that any coexistence requirements and mechanisms of NR sidelink with non-3GPP technologies will not be defined by 3GPP. 
Sidelink frequency: Sidelink frequencies for FR1 and FR2 (i.e. up to 52.6 GHz) unlicensed ITS bands and licensed bands are considered in the study. The target is to have a common sidelink design for both FR1 and FR2. The closing of the SI and the opening of the WI should not be dependent on the completion level of FR2, although it is targeted to complete SI aspects for both FR1 and FR2.


In this contribution, synchronization mechanism for NR V2X will be discussed and our preference will be given.
Discussion
Sidelink synchronization mechanism started to be discussed since Rel-12 D2D. Then, modification and enhancement were made in Rel-13 D2D and Rel-14/Rel-15 V2X on top of Rel-12 D2D sidelink synchronization mechanism. Generally, 1) synchronization signal, 2) synchronization resource configuration and 3)　synchronization procedure were discussed and specified. In the following sections, NR V2X synchronization based on Rel-12 to Rel-15 sidelink synchronization mechanism will be analyzed and potential enhancement for NR V2X sidelink synchronization mechanism will be given.
Synchronization signal 
Sidelink synchronization signal (SLSS) which includes PSSS and SSSS was specified mainly for sidelink timing and frequency synchronization in LTE D2D/V2X system. For NR V2X, PSSS and SSSS can be used as well for the same purpose as in LTE D2D/V2X system. 
In LTE sidelink, both PSSS and SSSS use DFT-s-OFDM as waveform. The reason is that such waveform has smaller PAPR compared with CP-OFDM and is aligned with LTE UL waveform. In NR, since both DFT-s-OFDM and CP-OFDM are supported for UL transmission, whether to support both DFT-s-OFDM and CP-OFDM for SLSS need to be studied. Moreover, detailed PSSS/SSSS sequence, e.g., SSID, can be studied after determination of basic outline of NR V2X synchronization mechanism.
Proposal 1: Support PSSS and SSSS in NR sidelink.
· FFS: waveform for PSSS and SSSS
In addition to SLSS, PSBCH is supported in LTE D2D/V2X system. PSBCH is transmitted by UE under (pre)defined condition, PSBCH can provide some system information, e.g., DFN, TDD UL-DL configuration, system bandwidth, to those UEs which cannot directly obtain system information from base station, e.g., out-of-coverage UEs. For NR V2X, PSBCH can be used as well for the same purpose, but modification on the details need to be considered. Regarding to reference signal (RS) configuration in PSBCH, e.g., DMRS, related details can be determined after discussion about waveform for PSBCH, because PSBCH may use either DFT-s-OFDM or CP-OFDM, which will impact related RS configuration. 
Proposal 2: Support PSBCH in NR sidelink.
· FFS: details of PSBCH content
· FFS: waveform and RS configuration for PSBCH
The main difference between LTE and NR sidelink with respect to synchronization signalling will be PHY layer resource mapping of SLSS and PSBCH. In LTE, SLSS and PSBCH are multiplexed occupying a whole subframe. Such kind of resource mapping consumes large time-domain resource. As a result, UEs cannot perform data transmission/reception during SLSS/PSBCH occasion as shown in Fig. 1. This can be a limitation factor, e.g., in time domain, for ultra low latency in sidelink communication. Therefore, reduction of resource for SLSS/PSBCH occasion need to be studied, e.g., multiplexing of SLSS/PSBCH occasion with PSCCH/PSSCH can be considered.
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Figure 1: Limitation of SLSS/PSBCH configuration in LTE V2X

Proposal 3: Study to multiplex of SLSS/PSBCH occasion with PSCCH/PSSCH/PSDCH to reduce time domain resource for SLSS/PSBCH occasion. 
In NR V2X, FR2 is also included in the SID scope [1]. In order to overcome sever attenuation in mmW, transmitting SLSS and PSBCH multiple time via different beam or repetition need to be considered per SLSS/PSBCH occasion, i.e., use SLSS/PSBCH block (SL-SSB) as shown in Fig. 2. 
[image: ]
Figure 2: SL-SSB for SLSS/PSBCH transmission

Proposal 4: Support SLSS/PSBCH block for sidelink synchronization signal transmission. 
Synchronization resource
Synchronization resource is (pre-)configured resource for SLSS/PSBCH transmission. Synchronization resource is configured with fixed defined period in LTE V2X and three independent offset indicators can configure up to three synchronization resources. In NR V2X the synchronization resource configuration can follow LTE V2X synchronization resource configuration principle and resource for SLSS/PSBCH block can be indicated via configuration signalling. 
Proposal 5: Reuse LTE V2X synchronization resource configuration principle in NR V2X.
Synchronization procedure
In this section, synchronization source selection and SLSS/PSBCH transmission condition will be discussed.
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 different synchronization source, and the priority rule can be overridden by base station configuration. When a UE receive SLSS/PSBCH from multiple synchronization source, it will determine its timing based on the defined/configured priority rule. Within the same priority, source with higher RSRP is prioritized. For NR V2X, the above principle can be followed. 
SLSS/PSBCH transmission condition
For SLSS/PSBCH transmission triggering, there are multiple conditions were specified in LTE V2X, e.g., 1)　UE transmit SLSS/PSBCH under eNB instruction; 2) When UE-measured RSRP/S-RSRP is below certain threshold; 3)　If the UE selects GNSS as synchronization reference, the UE transmits SLSS and PSBCH every synchronization period. Moreover, in Rel-13 D2D, SLSS transmission is triggered when discovery message is transmitted for D2D relay UE discovery. If UE discovery is supported for UE grouping as mentioned in our companion contribution [2], SLSS transmission during UE discovery message transmission can be specified as well for NR V2X.
Proposal 6: Rel-14 LTE V2X SLSS/PSBCH transmission triggering condition can be reused.
· FFS: whether additional triggering condition need to be specified
Conclusion
In this contribution, synchronization mechanisms have been discussed. Based on the discussion, the following proposals were made:
Proposal 1: Support PSSS and SSSS in NR sidelink.
· FFS: waveform for PSSS and SSSS
Proposal 2: Support PSBCH in NR sidelink.
· FFS: details of PSBCH content
· FFS: waveform and RS configuration for PSBCH
Proposal 3: Study to multiplex of SLSS/PSBCH occasion with PSCCH/PSSCH/PSDCH to reduce time domain resource for SLSS/PSBCH occasion. 
Proposal 4: Support SLSS/PSBCH block for sidelink synchronization signal transmission. 
Proposal 5: Reuse LTE V2X synchronization resource configuration principle in NR V2X.
Proposal 6: Rel-14 LTE V2X SLSS/PSBCH transmission triggering condition can be reused.
· FFS: whether additional triggering condition need to be specified
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