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1. Introduction
The SID on NR sidelink has been approved in RAN plenary#80. It aims to support advanced V2X services in 3GPP V2X phase 3 [1]:

· Identify technical solutions for an 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
In this contribution, we consider potential physical layer design for NR sidelink synchronization mechanism. We provide our considerations on the following aspects:
· Broadcast signal and synchronization signal
· Synchronization source

2. Discussion
2.1. Requirements
SA1 has identified 30 use cases for advanced V2X services and categorized them into four use case groups, vehicles platooning, extended sensors, advanced driving, and remote driving. They share some common targets, such as high reliability, short latency, and larger capacity, but the degrees or values of which are divergent.
Since some of the NR features can achieve the same goals effectively, it is advisable to reuse the design of NR with necessary modifications according to the sidelink characteristics. For example, multiple beams, multiple SCSs, and mini-slot based transmission can be applied to NR sidelink system, especially in high frequency and high-speed cases. 

Proposal 1: The NR Uu design can be a starting point for sidelink broadcast and synchronization signals.
· SCS

NR introduced 15/30/60/120/240 kHz SCS for different purposes, e.g., higher or wider spectrum usage or lower latency. A smaller SCS would be beneficial in scenarios with large delay spread. However, it is sensitive to phase noise or Doppler spread, which leads to higher requirements on local oscillator or performance degradation in high-speed scenarios. Compared to 15kHz, larger SCS has shorter OFDM symbol duration, which is feasible for applications have a requirement of lower delay, such as emergency-alarm.
A larger SCS would show a better performance in channel estimation for scenarios with high Doppler shift. It seems that a single SCS may be practically impossible to meet the requirements of all situations. Therefore, supporting multiple SCS is essential in NR sidelink.
If multiple SCSs are supported in sidelink, the sidelink-Sync SCS can be indicated by gNB for UE in coverage and be pre-configured for out-of-coverage UE. One concern arising from this mechanism may be the blind searching complexity due to the increased number of PSSS hypotheses. 

One way to avoid an extremely time-consuming synchronization procedure is to restrict the number of applicable SCSs for one frequency band. In addition, the number of PSSS hypotheses can be further reduced by increasing the granularity of the sidelink sync-raster. 
· Block structure 
Rel-15 NR introduced SSB for supporting multiple beam sweeping operation in DL synchronization and measurement procedure. Each SSB consists of 4 symbols, wherein PSS/SSS can be used for time/frequency synchronization, and PBCH is used to provide some essential information for initial access. Multiple beams are required to guarantee the omnidirectional coverage since usually narrow beams are deployed in the above 6GHz frequency range case. NW can use up to 64 SSB to maximize the resource utilization and to realize sufficient flexibility.

FR2 is also under consideration for NR sidelink transmission according to the SID [1]. Therefore, beam sweeping is necessary for NR sidelink groupcast and broadcast transmissions. It is natural to adopt the similar block structure design, e.g., SL-SSB, to reduce the beam-sweeping latency, to ensure transmission coverage, and to acquire sidelink synchronization at the same time.

Proposal 2: Consider the following features for synchronization signal of NR sidelink.

· Multiple SCS

· Multiple beams

· Block structure

2.2. SL-SSB
The SL-SSB characteristics are specified in the following parts:

· SL-SSB in NR license band
Based on the SID, both sidelink frequencies for ITS bands and licensed bands should be considered. If there is overlapping between NR licensed band and NR sidelink band, UE should be able to distinguish the synchronization signals transmitted from different interfaces, NR Uu and NR PC5, respectively. Otherwise, the misunderstanding of received SSB will result in unnecessary access delay and erroneously soft-combining. Even worse, it may break the legacy UE initial access procedure.

To differentiate between the sidelink synchronization signal block and the legacy NR-SSB, we suggest the following aspects can be considered:

· Different frequency positions

E.g., define a new sync raster for sidelink without overlapping with that of NR, then sidelink UE can classify the detected synchronization type according to its frequency.

· Redefine the relative position between signals/channels included in the SL-SSB

E.g., the gap between PSSS and SSSS contains more than one OFDM symbol. Even if NR SS sequence is reused for NR sidelink, the relative positions of the synchronization signals/channels within the block will differ depending on whether the block is transmitting on Uu or PC5, the difference allows for the identification of the type of the synchronization block.
All these options are feasible to avoid confusion between the NR/sidelink SSB. Further evaluation is necessary to select a proper one. 

Proposal 3: SL-SSB should be designed to be distinguishable from NR DL-SSB by some means, such as different frequency position and different relative time-positions.
· Sync raster for SL-SSB

A sidelink UE has to search for an SL-SSB to acquire timing reference if it fails to find reliable GNSS and base station. It is necessary to maintain a proper amount of search attempts in frequency to avoid an excessively long and power-intensive search procedure. 

In LTE, the carrier bandwidth used for sidelink transmission is 10MHz, and the sidelink sync signal is transmitted only over the six center RBs. It means the set of sync frequencies to be searched in LTE is quite limited. Considering that large carrier bandwidth and the flexible property can be easily achieved in NR, e.g., a carrier with 100MHz exists on a 15kHz grid, the principle for the SL-SSB sync raster design could be different from what is defined for LTE sidelink, then a relatively flexible sync raster design is expected. Additionally, as we mentioned before, we can also consider whether there is a need to separate SL-SSB and NR DL-SSB in frequency domain.

Observation 1. Supporting flexible sync raster is feasible in NR sidelink.

Proposal 4: Study sync rasters for SL-SSB considering the aspects including flexibility, search complexity, interference between SL-SSB and NR DL-SSB.
· SL-SSB structure

RAN1 has introduced a nested resource pattern of SSB considering the concurrence of SSB and data with mixed numerologies. Nevertheless, as this structure may either lead to restrictions on the transmission direction of the consecutive SL-SSBs with larger SCS or more symbols of SL-SSB for AGC use, it seems not necessary for NR sidelink. The frame structure of sidelink can be further simplified; for instance, consider a unified SL-SSB structure which applies for the whole frequency ranges instead of the candidate positions of SL-SSB depend on SCS. 
Proposal 5: Consider a unified SL-SSB resource pattern that is applicable to different frequency ranges and SCSs.
· Measurement
In NR, SSB is tightly coupled with beam operation and serves the purposes such as RLM, BFD and BM. Measurements on SSS and/or DMRS are used as the basis for the reception of control and data, thus enabling higher resource utilization and higher power efficiency. If multi-beam operation is supported in NR sidelink, it is natural to use SL-SSB as a reference for beam-specific monitoring and transmission. 

Observation 2. SL-SSB based measurement is beneficial for beam operation and power control.
However, it should be noted that, unlike NR where NW is responsible for eliminating PCI confusion, out-of-coverage UE in sidelink may select a SLSSID randomly by itself without any coordination. It is hard to avoid SLSSID collision among out-of-coverage UEs due to the half-duplex restriction and limited SLSSID candidates. In other words, it is difficult to identify different sidelink UE through SLSSID. This identification ambiguity exerts a negative impact on the measurement accuracy on SL-SSB as well as the subsequent beam operation. Therefore, in order to fully reflect the actual condition of SL-SSB and to guarantee appropriate operations of SL-SSB based RLM, BFD and BM, it is necessary to study how to link a particular SL-SSB with its measurement result.

Proposal 6: For SL-SSB based measurement in NR sidelink, followings should be considered.
· Identification of SL-SSB with the same SLSSID
· Feasibility of SL-SSB based RLM, BFD and BM
2.3. Synchronization source
In LTE V2X, three kinds of synchronization resource, i.e., the in-coverage indicator, SLSS and SL-sync resources, are involved in determining UE’s type and the synchronization source.

The 1-bit in-coverage indicator is defined within the MIB-V2X to indicate whether UE has any serving/suitable cell or not. The SLSSIDs of sidelink synchronization signal are divided into different groups based on the state of transmitting UE and its direct synchronization source. Besides, for each carrier, up to 3 SL-sync resources are supported to allow UEs to detect and track other sidelink UEs. 

If the SINR is not good enough for the receiving UE to decode a MIB-V2X instance in one shot, UE may try to combine the MIB-V2X instances detected in following periods with the ones received before. However, since there is some overlap between the synchronization resources of different UEs, there is a risk that the SL-MIB instances received on the same SL-sync resource come from multiple terminals and have various contents. In this case, UE may not recognize the difference between those instances and combine them interchangeably. 

Take Figure 1 as an example, UE1, UE2 and UE3 obtain the timing information from GNSS, UE1 and UE2 are considered as in-coverage and transmitting sidelink messages based on the resource configuration broadcast in SIB21, while UE3 has to transmit sidelink sync signal based on pre-configuration. UE4 searches for other sidelink UEs and selects one out as its synchronization source. 

Note that the UL/DL patterns of SIB and pre-configuration can be different. UEs may choose the same physical resource and SLSSID=0 for sidelink broadcasting but with different V2X-MIBs. As a consequence, UE4 receives several MIB instances but cannot explicitly identify the ones to be soft combined and the time of synchronization procedure increases.
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Figure 1. Example of synchronization procedure of LTE V2X
Considering the situation could be more complicated with newly introduced features and scenarios in Phase 3, e.g., LTE-based vehicle and NR-based vehicle coexistence [2][3], it is necessary to further study the synchronization mechanism in NR. A unified and straightforward procedure is preferred, we suggest outlining some general principles that are likely to be considered in the following discussion:

· A sidelink UE should be able to identify different sync sources through the synchronization resources 

· Decoding PSBCH should be avoided when determining the sync source
Proposal 7: The synchronization source selection and prioritization mechanism for NR sidelink need further study.
Proposal 8: A unified and straightforward sidelink sync procedure is preferred, and the following principles can be taken into consideration:

· A sidelink UE should be able to identify different sync sources through the synchronization resources 

· Decoding PSBCH should be avoided when determining the sync source

3. Conclusion

In this contribution, we discuss potential physical layer design for NR sidelink synchronization mechanism and have the following observations and proposals:
Observation 1. Supporting flexible sync raster is feasible in NR sidelink.
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Observation 2. SL-SSB based measurement is beneficial for beam operation and power control.
Proposal 1: The NR Uu design can be a starting point for sidelink broadcast and synchronization signals.
Proposal 2: Consider the following features for synchronization signal of NR sidelink.
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· 
Multiple SCS

· Multiple beams

· Block structure
Proposal 3: SL-SSB should be designed to be distinguishable from NR DL-SSB by some means, such as different frequency position and different relative time-positions.
Proposal 4: Study sync rasters for SL-SSB considering the aspects including flexibility, search complexity, interference between SL-SSB and NR DL-SSB.
Proposal 5: Consider a unified SL-SSB resource pattern that is applicable to different frequency ranges and SCSs.
Proposal 6: For SL-SSB based measurement in NR sidelink, followings should be considered.
· Identification of SL-SSB with the same SLSSID

· Feasibility of SL-SSB based RLM, BFD and BM
Proposal 7: The synchronization source selection and prioritization mechanism for NR sidelink need further study.
Proposal 8: A unified and straightforward sidelink sync procedure is preferred, and the following principles can be taken into consideration:
· A sidelink UE should be able to identify different sync sources through the synchronization resources 

· Decoding PSBCH should be avoided when determining the sync source
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