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Introduction
To expand the 3GPP platform to the automotive industry, the initial standard on support of V2V services was completed in September 2016. Enhancements that focusing on additional V2X operation scenarios leveraging the cellular infrastructure, were completed in March 2017 as 3GPP V2X phase 1 for inclusion in Release 14 LTE. An initial set of requirements for V2X service was considered sufficient for basic road safety service. Vehicles (i.e., UEs supporting V2X applications) can exchange their own status information through sidelink, such as position, speed and heading, with other nearby vehicles, infrastructure nodes and/or pedestrians. 3GPP V2X phase 2 in Rel-15 introduced a number of new features in sidelink, including: carrier aggregation, high order modulation, latency reduction, and feasibility studies of both transmission diversity and short TTI in sidelink.  These features in 3GPP V2X phase 2 were primarily based on LTE and required co-existence with Rel-14 UE in the same resource pool.
NR V2X is considered as 3GPP V2X phase 3 and would support advanced V2X services beyond those supported in LTE Rel-15 V2X. SA has considered the following principle as the basis for the design of NR-V2X. 
Principle: “Advanced V2X services (SA1’s 25 use cases categorized into four groups - Vehicle platooning, Extended sensors, Advanced driving, and Remote driving) are the focus of the Study Item. Technical requirements of these use cases would drive the technical study/design.” 
NR V2X would require new a NR sidelink to meet these stringent requirements.  An NR V2X system is expected have a flexible design in support of services with low latency and high reliability requirements like NR. Higher system capacity and better coverage are also expected. Hence the NR sidelink design should be flexible and allow for easy extension of the NR system to support future development of further advanced V2X services and other services. 
There were severeal agreements for NR-V2X in RAN1#94 which may impact synchronization designs and mechanisms [1]:
Agreements:
· NR V2X Sidelink Synchronization includes at least the following
· Sidelink synchronization signal(s)
· PSBCH
· Sidelink synchronization sources and procedure(s)
· Study potential synchronization sources –GNSS, gNB, eNB, UE, LTE UE
· Note: this doesn’t mean all of them are to be supported
Agreements:
· RAN1 to continue study on the physical channel considering at least the following aspects:
· Subcarrier spacing
· Candidates for further study are: 
· FR1: 15 kHz, 30 kHz, 60 kHz, 120 kHz 
· FR2: 30 kHz, 60 kHz, 120 kHz, 240 kHz
· Companies are encouraged to consider the potential issues and benefit of introducing new subcarrier spacing.

In this contribution, we discuss the aspects related to synchronization for NR-V2X and considerthe new use cases for NR V2X sidelink. 

NR-V2X SLSS    
Synchronization for R14 LTE-V2X relies on Side Link Synchronization Signals (SLSS). These SLSS consist of multiple OFDM symbols for PSSS, SSSS, PSBCH and DMRS. It also includes a guard OFDM symbol. They occupy the entire 1ms subframe in time and 6 PRBs in frequency for the 15kHz SCS case and are designed to be transmitted omnidirectionally. For timing indication, PSBCH carries the Direct Frame Number (DFN) and the Direct sub-frame number, which indicate the frame number, and corresponding subframe number in which SLSS and SL-BCH for V2X sidelink communication are transmitted. 
In NR, beam-centric designs are adopted for the synchronization signal (SS) for both high and low frequency. For example, in FR1 L=4 or 8 SS/PBCH blocks may be used for synchronization while in FR2 L=64 SS/PBCH blocks may be used. The NR-SS/PBCH block is designed to occupy only 4 OFDM symbols and 20 PRB in frequency. It occupies 0.28ms for 15 kHz SCS in FR1, down to 71.43us for 240kHz in FR2, which reduces the beam sweeping duration. A concept for synchronization burst is also introduced to enhance beam-sweeping without creating ambiguity in timing. Unlike LTE, timing indication is done jointly by NR-PBCH and DMRS in NR-PBCH. 
Beam-centric designs, similar to NR, may be applied for V2X in NR. For the sidelink synchronization signal (SLSS) considered for NR-V2X, NR SS/PBCH block based approach may be used. The concept for synchronization bursts may also be used. However, considering the different/new use cases for NR V2X, some modification or enhancement for SS/PBCH block and timing indication may be explored. Fast synchronization may be needed, and SS/PBCH block acquisition to support that, may be explored for low latency applications. In addition, high overhead may arise from beam sweeping. Overhead reduction may be considered for V2X. 
NR V2X SLSS should use the NR SS/PBCH block designs as a starting point. Unified synchronization structure and procedure to support beam-centric design for FR1 and FR2 should be considered for NR V2X Sidelink Synchronization.
[bookmark: _Ref521073172][bookmark: _Toc521074174]Proposal 1: Unified synchronization structure and procedure to support beam-centric design for FR1 and FR2 should be considered for NR V2X Sidelink Synchronization. 
Proposal 2: NR V2X SLSS should use NR SS/PBCH block as a starting point.

Synchronization Reference Selection
SyncRef UE selection is a procedure to select the proper UE as a timing reference for sidelink transmission (note: SyncRef UE is SYNChronization REFerence UE). In LTE V2X, various sources are used for SyncRef, e.g. GNSS , LTE-eNB, UEs transmitting SLSS with an external source (UEs, which receive their SynchRef from LTE-eNB, GNSS), UE transmitting SLSS without a source of their own. In NR, as more new use cases are considered and new synchronization sources are introduced, current SyncRef UE selection may not be sufficient. For example, NR-gNB may be a SyncRef. In the Vehicles Platooning use case, the platoon leader, or a platoon follower, may become a (direct or indirect source of) SyncRef UE. Different procedures and priorities of timing reference selection for sidelink transmission should be considered. Therefore, SyncRef UE selection should be studied by considering new use cases for NR V2X. Different priorities may be considered for SyncRef selection. As an example, for synchronization or SyncRef selection, the platoon leader may have higher priority than other members of the platoon. Members of a platoon may have higher priority than other UEs who are not part of the platoon. Considering the sources mentioned above, rules of priority for SyncRef selection may need to be defined in NR V2X. 
Consider a priority level P0, a priority for cellular coverage. It may include various conditions of UE in cellular coverage e.g. InCoverage-LTE, InCoverage-NR or both. InCoverage for LTE may imply that RSRP in LTE are above configured threshold for LTE (e.g., syncTxThreshIC, in SIB-21 if LTE Uu) for this purpose. Similarly, another threshold (syncTxThreshIC-NR) may be configured for NR. For example, the SyncRef with higher RSRP between gNB and eNB (normalized for reference power) may be selected. Priority may be assigned or predetermined between LTE and NR. For example, LTE may be assigned or predetermined with higher priority than NR. In the case when the UE is in both coverage of LTE-eNB and NR-gNB, LTE-eNB may be selected as the source as long as RSRP is above a certain threshold. In this case, SyncRef selection may be based on priority assigned to LTE and NR but not depend purely on the best RSRP. For example, LTE-V2X may contain the basic safety messages, which may have higher priority than other messages in NR. If RSRP is within a certain range, LTE may be selected. If RSRP is out of the range, NR may be selected. For another example, if difference of RSRP between LTE and NR is within a certain range, LTE may be selected. If difference of RSRP between LTE and NR is not within a certain range, NR may be selected. 
Proposal 3: SyncRef selection methods and procedures should be studied for NR V2X. 

Priority and Measurement for Sidelink Synchronization 
UE may synchronize with one of synchronization sources in vehicle platoon. UE may want to synchronize with platoon leader first. UE may fail to synchronize with platoon leader. The UE may want to synchronize with one of platoon followers if it fails to synchronize with platoon leader. One solution may be to use measurement to decide the source that UE may synchronize with. If a measurement is above a threshold, a UE may synchronize with the synchronization source. Otherwise, UE may try other synchronization sources. When multiple synchronization sources whose measurements are above the threshold, UE may select the synchronization source with the highest measurement. For example, UE may measure sidelink RSRP (S-RSRP) using sidelink synchronization signal block (SL-SSB) for synchronization sources. UE may also measure sidelink RSRP (S-RSRP) using CSI-RS. This may be performed independently from SL-SSB or in conjunction or in combination with SL-SSB. If S-RSRP is above a threshold, a UE may synchronize with the synchronization source. Otherwise UE may try other synchronization sources. When multiple S-RSRPs or correlations are above the threshold, UE may select the synchronization source with the highest S-RSRP. 
S-RSRP-based synchronization source selection may not be optimal. For example, if a UE is closer to a platoon follower than a platoon leader, then S-RSRP from platoon follower may be higher than S-RSRP from platoon leader. If S-RSRP is the only criteria for synchronization source selection, then the UE may select platoon follower instead of platoon leader. Therefore, synchronization source type may also be considered as part of selection criteria for synchronization. For example, platoon leader may have higher priority than platoon followers. Therefore, when S-RSRP from platoon leader and followers are above the threshold, even if S-RSRP of platoon follower is higher than platoon leader, the UE may select platoon leader rather than platoon follower. Therefore, synchronization source selection may depend on synchronization source type and measurements or measurement types (e.g., S-RSRP) and may be based on priorities between synchronization source type and their measurements or measurement types.
UE may receive configuration for sidelink including sidelink measurement threshold. UE may search through synchronization sources and perform measurement (e.g., S-RSRP) for synchronization sources. UE may compile a list of synchronization sources with measured S-RSRP greater than a threshold. UE may check the type of synchronization source. If synchronization source type is platoon leader type, then UE may select platoon leader as synchronization source. UE may establish a communication link with platoon leader. Otherwise, if synchronization source type is not platoon leader type, e.g., platoon follower, then UE may select synchronization source having the highest S-RSRP. UE may establish a communication link with platoon follower.
Proposal 4: Priority and measurement can be jointly considered for platoon sidelink synchronization in NR V2X. 

Considerations for SL Synchronization Latency and Complexity 
NR includes concepts like multiple numerology, different frame structure and beam transmission, which are not present in LTE. The sidelink synchronization mechanism and frame structure in LTE V2X cannot be directly reused in NR-V2X. In RAN1#93 meeting it was agreed to consider potential issues and benefit of introducing new subcarrier spacing, for example, FR1: 15 kHz, 30 kHz, 60 kHz, 120 kHz and FR2: 30 kHz, 60 kHz, 120 kHz, 240 kHz. Considering 8 SSBs for NR-V2X in FR1, the sweep duration is 2mS for 30kHz SCS. With introduction of 60kHz or 120kHz SCS for synchronization signal for FR1 SL, the sweep overhead can be reduced to 1mS or 0.5mS. In FR2, up to 64 SSBs are supported. Reduction of beams to 32 and higher SCS like 240kHz SCS may reduce the sweep overhead to 1mS in FR2.  
In NR, SS/PBCH blocks and data were FDM transmitted with mixed numerologies. For SL transmissions, mixed numerology structure like this may lead to restrictions on the transmission of SLSS/PSBCH with different SCS, different SS/PBCH blocks, more symbols of SLSS/PSBCH blocks because of different SCS for different UEs. The frame structure of sidelink may be further simplfied. Simplified numerology may be considered to reduce complexity. 
A concept for synchronization burst was also introduce to enhance beam-sweeping without creating ambiguity in timing. Unlike LTE, timing indication is done in jointly by NR-PBCH and DMRS. For the sidelink synchronization signal (SLSS) considered for NR-V2X, NR SS/PBCH block based approach may be used. The concept for synchronization bursts may also be used. The burst design like NR should be unified for FR1 and FR2. However, considering different/new use cases in NR V2X, some modification or enhancement for SS/PBCH block and timing indication may be explored. Fast synchronization may be needed and SS/PBCH block acquisition to support that may be explored for low latency applications. Different periodicities (e.g., short or long periodicity) and/or time offsets can be configured for SLSS for sidelink transmission and reception trade-off or optimization. The reduction of latency and complexity arising from periodic beam sweeping overhead should be considered for NR V2X slidelink SS.
Proposal 5: NR V2X SLSS should consider reduction of latency and complexity arising from periodic beam sweeping overhead.
SL Synchronization Transmission
Like LTE V2X, Synchronous operation within carrier or bandwidth part is preferred. If UEs are not synchronized, the receiving UE may always synchronize to the transmission before communications. This would create additional delays and if the single shot detection fails, it may result in increased latency of transmission. 
One option may be to transmit SLSS/PSBCH depending on the measurement e.g., RSRP measurement. SLSS/PSBCH transmission parameters e.g., periodicity, duration, offset, etc may be configured or may be dependent on the vehicle or UE measurements. In addition, association for SL-SSB transmission and SL-SSB transmission threshold may be used. Multi-level thresholds triggered SL-SSB transmission may be considered. Multi-level thresholds may be used to trigger the SL-SSB transmission. SL-SSB transmission periodicity, offset and/or duration may be associated with SL-SSB transmission thresholds. RSRP may be used for measurement. Different SL-SSB transmission parameters may be associated with different SL-SSB transmission thresholds. For example, different SL-SSB periodicity/duration/offset may be associated with different RSRP thresholds. SL-SSB periodicity/duration/offset A may be associated with RSRP threshold 1, SL-SSB periodicity/duration/offset B may be associated with RSRP threshold 2, and so on. UE may perform the measurement for RSRP. If RSRP is greater than one threshold, then UE may be triggered to transmit SL-SSB using a transmission periodicity A1, duration A2 and offset A3. If RSRP is greater than another threshold, then UE may be triggered to transmit SL-SSB using a transmission periodicity B1, duration B2, offset B3, and so on. 
The measurement based transmission may create an environment, where if gNB or GNSS is not available, if out of coverage UE is near by in coverage V2X capable UE, it will receive SLSS/PSBCH block before it needs to transmit or receive data. SL-SSB transmission periodicity, duration, offset, etc may also be configured for different UEs by NW.     

Sidelink Capacity Enhancement 
The LTE V2X supports 336 Sidelink IDs (SLI). Half of these IDs (168) represent InCoverage status and the other half represent OutOfCoverage status. This coverage status is indicated using PSSS and the indexing for one of the 168 IDs is performed by SSSS. NR V2X requirements are different from those of LTE V2X. To support higher bandwidth, reliability, flexibility and higher density of vehicles and users for NR V2X services, the existing LTE SLSS may not be suitable. Sidelink capacity for NR-V2X may need to be increased as compared to LTE V2X. The way the number of Cell IDs was required to be increased in NR to support higher density of cells (e.g., doubled to 1008 in NR from 504 in LTE) when migrating to NR from LTE, the number of sidelink identities may also need to be increased (e.g., increased from the current 336) for the support the higher density of vehicles and users for NR V2X services and/or the potentially different coverage and indication status. Therefore, sidelink capacity enhancement methods should be studied for NR V2X.

Conclusions
In this contribution, we considered the new use cases for NR V2X and discussed the aspects related to synchronization for NR V2X. We have following proposals: 
Proposal 1: Unified synchronization structure and procedure to support beam-centric design for FR1 and FR2 should be considered for NR V2X Sidelink Synchronization. 
Proposal 2: NR V2X SLSS should use NR SS/PBCH block as a starting point.
Proposal 3: SyncRef selection methods and procedures should be studied for NR V2X. 
Proposal 4: Priority and measurement can be jointly considered for platoon sidelink synchronization in NR V2X. 
Proposal 5: NR V2X SLSS should consider reduction of latency and complexity arising from periodic beam sweeping overhead.
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