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Introduction
[bookmark: _GoBack]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 two principles as the basis for the design of NR-V2X. 
Principle 1: “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.” 
Principle 2: “TSG RAN already agreed NR-V2X does not replace LTE-V2X but complements it by providing tools to provide additional services not achievable by LTE-V2X.  At least from 3GPP perspective, this implicitly means that the BASIC safety-related broadcast messages are transmitted/received only by LTE V2X. At least from 3GPP RAN technology development standpoint, the focus and scope of NR V2X study is to target advanced V2X use cases.  It is clearly up to the regional regulators and the stakeholders involved (i.e. Car OEMs and automotive ecosystem in general) to decide on the technology of choice for the services and use cases.”
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. 
In this contribution, we considerthe new use cases for NR V2X and discuss the aspects related to synchronization for NR-V2X. 
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 NR-PBCH. 
NR V2X is targeting different types of traffic with different characteristics e.g. periodic/aperiodic traffic, small/large packet size. In [6], traffic model 3 includes an inter-packet arrival time of 30 ms with size in the range between 30000 bytes and 60000 bytes. To meet such high traffic intensity, large system bandwidth is needed for V2X transmissions. Consequently, NR V2X is expected to also be deployed in higher frequency (above 6Ghz) as in NR Rel-15 to benefit from the larger bandwidth. In high frequency region, the channel is characterized by a high free space path loss and additional non-line-of-sight losses. To compensate the losses due to channel characteristics of FR2, synchronization signals should be transmitted in a beamformed manner with beam sweeping. To reduce the synchronization latency, sidelink synchronization signals may be transmitted with short periodicity.
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.

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.
Proposal 3: Sidelink capacity enhancement should be studied for NR V2X. 

SyncRef 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. 
Proposal 4: SyncRef selection 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: Sidelink capacity enhancement should be studied for NR V2X. 
Proposal 4: SyncRef selection should be studied for NR V2X. 
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