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1 Introduction

In last RAN #80 meeting, the new study item, ‘Study on NR V2X’ was approved [1] aiming to 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 structure and procedure(s)
· Study sidelink synchronization mechanism
· Study sidelink resource allocation mechanism (also including objective 3)
· Study sidelink L2/L3 protocols
This contribution will discuss design considerations on synchronization mechanism for NR V2X.
2 Discussions
In this section, we first discusses synchronization mechanism in LTE D2D/V2X and subsequently discuss design considerations on synchronization mechanism for NR V2X.

2.1 Synchronization mechanism in LTE D2D/V2X
Synchronization procedure
In LTE V2X, both GNSS and eNB provide a reference timing for vehicle UEs and they serve complementary one to the other, which is different from LTE D2D design. For example, using GNSS is allowed for achieving a global synchronization among UEs/Vehicles (a.k.a the timing between proximal UEs can be uniform in a large area) but there may be cases where a vehicle does not have reliable GNSS timing because the vehicle is located in the basement or in a tunnel. In such a case, it would be good to have the timing reference from an eNB. On the other hand, it is impossible to use eNB’s timing in case where vehicles are located in off-network and for this scenario, using GNSS seems be natural. However, since the reference timing is determined by GNSS or eNB, different UEs can follow different reference timings, i.e., some UEs are synchronized to GNSS and other UEs are synchronized to the eNB. In order to support it, transmission and reception of synchronization signal such as SLSS/PSBCH are required. Moreover, it is possible that both GNSS and eNB timing are not available to a UE. In such a case, the UE can transmit SLSS/PSBCH based on its own timing to provide a synchronization reference. Due to these different synchronization references, priority for synchronization reference selection has been specified in LTE.
SLSS transmission
In LTE, SLSS/PSBCH transmission is a UE capability and different UE behavior has been specified depending on scenarios. For example, for the out-of-coverage case, the SLSS resource is pre-configured and if a vehicle UE is capable of SLSS/PSBCH transmission and the UE has selected the GNSS as synchronization reference, the UE transmits SLSS and PSBCH every synchronization period. On the other hand, for the in-coverage case, Rel-12 D2D mechanism is reused (i.e., UE decides whether or not it has to transmit SLSS based on RSRP threshold configured by the eNB, or UE transmits SLSS if the eNB commands to do it) and when GNSS has the highest priority, the UE is not expected to read SLSS from other UEs.
In LTE D2D, two TDMed synchronization resources are pre-configured for an out-of-coverage UE so that the UE receiving SLSS/PSBCH in the first resource can transmit SLSS/PSBCH in the second resource and vice versa. In LTE V2X, zero, two or three synchronization resources can be pre-configured and depending on the number of synchronization resources, different UE’s behavior has been specified.

SLSS/PSBCH design
LTE D2D and V2X use the same PSSS/SSSS sequences, i.e., ZC sequence for PSSS and M-sequence for SSSS and the position of the PSSS/SSSS symbols are same in LTE D2D and V2X. Also, for both D2D and V2X, if SLSS ID is smaller than 168, root index 26 is used for PSSS. Otherwise, root index 37 is used. For PSBCH, LTE D2D uses two DMRS symbols per 1ms but it was enhanced to three DMRS symbols per 1ms in LTE V2X to support higher speed than LTE D2D, e.g., a maximum relative speed of up to 280 km/h at 6 GHz carrier frequency in LTE V2X.

Observation 1: Synchronization mechanism used in LTE V2X can be the starting point for design of NR V2X synchronization mechanism.
2.2 Design considerations on synchronization mechanism for NR V2X
NR has the several key features that are different from LTE: (a) support of multiple numerologies, (b) support of hybrid beamforming architecture and (c) support of different UL waveforms (CP-OFDM and DFT-S-OFDM). This section discusses NR V2X synchronization mechanism considering these new NR features.
Multiple numerologies
For NR PSS/SSS/PBCH, single subcarrier spacing (SCS) is supported for FR1 with the exception of operating bands n5, n41, n66 in order to satisfy implementation requirement and flexibility. On the other hand, dual-SCS is defined for FR2 in general including bands n258 and n260. So, assuming that a gNB is the synchronization source because GNSS is not available or GNSS timing is not reliable, SCS used for SLSS/PSBCH transmission from in-coverage UEs can be different from SCS used for SLSS/PSBCH transmission from out-of-coverage UEs. Also, SCS used for SLSS/PSBCH transmission from UEs in a cell can be different from SCS used for SLSS/PSBCH transmission from UEs in another cell. So, this problem needs to be resolved.
Observation 2: There will be a case that UEs located in different cells transmit SLSS/PSBCH with different subcarrier spacing, or in-coverage UEs and out-of-coverage UEs transmit SLSS/PSBCH with different subcarrier spacing.
Hybrid beamforming
It would be possible for a vehicle UE to support multi-beam operation by using hybrid beamforming around 6 GHz to enhance its coverage. If it is supported, UEs have to perform beam sweeping and it may impact NR V2X synchronization mechanism including synchronization source selection, SLSS transmission conditions, resources for SLSS transmission and SLSS/PSBCH design. So, it needs to be studied.
Observation 3: Beam sweeping operation can impact on NR V2X synchronization mechanism.
Different UL waveforms
LTE D2D/V2X performed on UL subframes supports a single waveform, i.e., SC-FDMA. NR UL supports both CP-OFDM and DFT-S-OFDM and each waveform has pros and cons. For example, CP-OFDM is desirable due to its flexibility such as  frequency-selective resource scheduling, flexible time-frequency resource allocation, flexible reference signal design, and low complexity MIMO support, at the cost of higher PAPR and CM than DFT-S-OFDM. On the other hand, DFT-S-OFDM is beneficial to provide larger coverage than CP-OFDM due to power back-off gain. 
Advanced V2X services identified in [3] require higher data rate than LTE V2X services and higher modulation order and MIMO need to be supported for NR V2X. So, CP-OFDM would be a good choice. On the other hand, the identified V2X services also require higher reliability than LTE V2X services and DFT-S-OFDM can take a benefit from the power-back off gain. So, both waveforms may be introduced in NR V2X. However, using both waveforms for synchronization impacts SLSS/PSBCH design and it can extremely increase receiver complexity especially assuming that multiple numerologies are used for NR V2X. So, for NR V2X synchronization, whether or not to support both waveforms needs to be discussed first..
Observation 4: Different waveforms (i.e., CP-OFDM and DFT-S-OFDM) have pros and cons and their benefits may be taken by different use cases. However, using both waveforms for synchronization can increase receiver complexity.
3 Conclusion

In this contribution, we have discussed design considerations on synchronization  mechanism for NR V2X and the following are observed:
Observation 1: Synchronization mechanism used in LTE V2X can be the starting point for design of NR V2X synchronization mechanism.
Observation 2: There will be a case that UEs located in different cells transmit SLSS/PSBCH with different subcarrier spacing, or in-coverage UEs and out-of-coverage UEs transmit SLSS/PSBCH with different subcarrier spacing.
Observation 3: Beam sweeping operation can impact on NR V2X synchronization mechanism.
Observation 4: Different waveforms (i.e., CP-OFDM and DFT-S-OFDM) have pros and cons and their benefits may be taken by different use cases. However, using both waveforms for synchronization can increase receiver complexity.
Based on the observations, we have proposed the following:
Proposal: Synchronization mechanism used in LTE V2X can be the starting point for design of NR V2X synchronization mechanism considering new NR aspects such as multiple numerologies, hybrid beamforming, different UL waveforms and so on.
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