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Introduction

In this document, aspects and proposals of NR V2X synchronization were summarized as follows:
Synchronization resources and procedures
UE frequency Stability
Synchronization structure
Design principles
Synchronization waveform
Synchronization numerology
Limitation of Channel BW
Synchronization signals
PSBCH contents

NR V2X Synchronization 
Synchronization sources and procedures
The sidelink synchronization source and procedures were further discussed during the V2X offline session.   The details of synchronization sources for synchronization procedures and NR V2X operations were discussed with the following agreements,


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


UE frequency Stability 
UE frequency offset mainly comes from two aspects, one is the inherent frequency offset of crystal oscillator itself, generally expressed by ppm, and the other is from the Doppler shift caused by UE motion. These two kinds of frequency offset will increase in proportion with carrier frequency. In NR, the increase of the SCS is helpful to alleviate the frequency offset problem caused by high frequency. But for FR2, whether such a large frequency offset will affect the detection performance of NR synchronization signals needs to be further studied.  Proposal is to set the UE frequency stability before initial synchronization follows NR requirements of The initial frequency stability before initial access should be set at ±5 ppm for NR V2X UE.

Offline Agreement 
For the purpose of evaluation, the initial frequency error should be within ±5 ppm with the assumption of uniform distribution [-5, 5] for NR V2X sidelink synchronization.
· This is the error of the local oscillator for the Tx and Rx with respect to the absolute carrier frequency.

Synchronization Channel Structure

[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK13][bookmark: OLE_LINK14]NR synchronization channel structure is designed to support the beamformed synchronization signals with potential beam sweeping in time for UE to acquire the synchronization with extended distance, which mainly targets for high frequency bands (FR2) but could be also used for low frequency bands (FR1). The synchronization signals (PSS/SSS) along with the physical broadcast channel (PBCH) are constructed in the block format as the synchronization signal block (SSB). The beamformed SSB design would enable UE to synchronize with the network and detect the system information and frame boundary in the same time with extended coverage area.  It should be investigated whether the design of NR V2X synchronization mechanism needs to take into consideration of the SSB structure and the beamforming of SSB, and considered the issues if the SSB structure is introduced, such as overhead and complexity.   Most companies proposed to design the NR V2X NR synchronization channel structure is based on NR SSB structure. 

Offline Agreement
 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)

Offline Agreement
Periodical transmission of S-SSB in NR V2X  is supported
· FFS:  whether one/more S-SSB is transmitted in a period

Proposal:
The NR V2X PSBCH channel coding reuses the channel coding of NR PBCH, which includes the following,
· Polar code
· CRC length
· Payload interleaver pattern

Other aspects in the following for NR V2X synchronization would be discussed in RAN1#95

Design principles
The design principle of the NR V2X synchronization was discussed with the list of aspects for consideration in the offline summary of RAN1#94 meeting[2],   

The proposed design principles of NR V2X sidelink synchronization mechanism.


· SL synchronization complexity

Multiple synchronization references (sources) may be defined, each of them associated with a different priority level  
The synchronization protocol strives for having all UEs using the top-priority synchronization reference.
A distributed protocol is introduced to propagate higher-priority synchronization references. The protocol must allow for the unambiguous identification of the synchronization reference and its priority.
For licensed carriers, appropriate measures to protect cellular users are introduced to avoid interference from out of coverage UEs.
Forward compatibility is considered in the design. 
· The synchronization procedure should follow mechanism needs to take into consideration of the targets to achieve, UE complexity and tracking of multiple synchronization references. (R1-1810541[8])
In general, principles of LTE-V2X sidelink synchronization procedure can be reused as a baseline for NR-V2X sidelink synchronization. The following enhancements can be considered with respect to LTE-V2X technology (R1-1810774[12])
Initial SL synchronization time (latency)
SL synchronization accuracy
a uniform design in terms of supporting single or multi-beam operation.

Proposal: The design principle of NR V2X synchronization mechanism includes the following, 
· Targets performance –
· Initial acquisition time
· Synchronization accuracy
· UE complexity
· Tracking of multiple synchronization references.
· Uniform synchronization procedure for FR1/FR2
· Considering LTE V2X synchronization procedure as the starting point of NR V2X synchronization procedure.

Synchronization waveform
NR supports two kinds of waveform for uplink transmission, including DFT-s-OFDM and CP-OFDM.  CP-OFDM can support flexible resource allocation mechanism with the capability of multiplexing data and DMRS in the same OFDM symbol, and has higher spectrum efficiency, comparing to those by using DFT-s-OFDM. The drawbacks of CP-OFDM focus on higher PAPR and reduced coverage area.   DFT-s-OFDM has lower PAPR and higher coverage area comparing to those by using CP-OFDM.  The drawbacks of DFT-s-OFDM are the restrictions in terms of multiplexing of data and DMRS in the same OFDM symbol and scheduling flexibility, and lower spectrum efficiency. It should be discussed that how to select waveform for sidelink synchronization, and whether DFT-s-OFDM or CP-OFDM or both of them should be used for sidelink synchronization.


Proposal: DFT-s-OFDM, CP-OFDM or both of them should be further studied for sidelink synchronization waveform.

Synchronization numerology

NR introduces flexible numerology, whose subcarrier spacing (SCS) can be 15 KHz/30 KHz/60 KHz/120 KHz, according to frequency band.  It should be considered whether introduce flexible numerology, or just use fixed numerology for sidelink synchronization.  NR sidelink should take advantage of flexible numerology of the NR. During sidelink synchronization procedure, the numerology for sidelink synchronization channel should be the same as that in NR Uu link for in-coverage and gNB being one of the sync sources   The default SCS should be used for synchronization signals and broadcast information at least for the operation of out-of-coverage.   

Proposal: A default SCS is pre-configured for SLSS/PSBCH transmission.

Limitation of Channel BW for NR Synchronization Channels

The minimum bandwidth supported by NR V2X determines the payload of broadcast information that NR V2X PSBCH can be mapped to the same number of OFDM symbols. The number of symbols required for PSBCH channel is related to the minimum support bandwidth and SCS setting, and the minimum support bandwidth will affect the design of SSB channel structure. 

Proposal:  The minimum support bandwidth should be determined first for the design of V2X SSB .
Synchronization signals
Sidelink synchronization signal (SLSS) includes PSSS and SSSS. And they are transmitted by a UE for the receiver to obtain time/frequency synchronization to the transmitter in LTE V2X. For NR V2X, sidelink synchronization signals can be used as well for the same purpose as in LTE V2X. The design of NR V2X sidelink synchronization signals should consider the issues of sequence design, detection performance and complexity.  Proposals are NR V2X PSS/SSS sequences are based on NR PSS/SSS sequence.

Proposal:  The M-sequence used for NR-PSS and NR-SSS is used as the sequences for NR PSSS/SSSS. The details of sidelink synchronization signals for NR V2X are FFS.
PSBCH contents

In 5G NR, the PBCH payload consists of MIB and the additional timing information. The NR PBCH content can be classified into the following information
· System timing: SFN, half radio frame;
· TDD configuration
· Priority information
· [bookmark: OLE_LINK73][bookmark: OLE_LINK74]Initial access: subCarrierSpacingCommon, ssb-SubcarrierOffset, dmrs-TypeA-Position, pdcch-ConfigSIB1, MSB of the subcarrier offset between SSB and the common resource block grid (FR1) / SSB index(FR2);
· Cell related: cellBarred, intraFreqReselection;

Proposal:  The contents of PSBCH for NR V2X are FFS.  


