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Introduction
At the RAN#80 meeting, the study item on NR V2X was approved [1]. Study of technical solutions for sidelink design is one of the major study item objective:
	NR V2X SI Objective 1:
Sidelink design [RAN1, RAN2]:
· 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 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 focus on sidelink synchronization mechanism for eV2X use cases. Our views on other NR-V2X design aspects are summarized in companion contributions [2]-[10].
LTE-V2X Sidelink Synchronization and Enhancements
Sidelink synchronization procedure in time and frequency is one of the fundamental framework for sidelink communication that precedes any sidelink transmission. In the next section, we review basic principles of LTE-V2X sidelink synchronization technology and then analyse potential enhancements than can be addressed by NR V2X sidelink synchronization framework.
LTE V2X Synchronization
In LTE V2X, multiple synchronization references are defined and can be used for sidelink synchronization including: GNSS, eNB, UE. There are multiple types of UE based sidelink synchronization sources that can serve as a sidelink synchronization sources with different priority such as: 1) UEs propagating timing from network/gNB (with distinguishable 1st hop propagation), 2) UEs propagating timing from GNSS (with distinguishable 1st hop), and UEs propagating timing from independent synchronization sources or serving as independent sidelink synchronization sources (out-of-coverage case). The UEs serving as a sidelink synchronization sources are expected to periodically broadcast SLSS and PSBCH on dedicated synchronization resources. Specification defines priority rules for selection of sidelink synchronization sources as well as UE behaviour for SLSS/PSBCH transmission and selection of synchronization resources. The SLSS transmission period of 160ms is defined by specification.
Potential Enhancements of Sidelink Synchronization
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:
Initial SL synchronization time (latency)
· Enhancements targeting reduced initial acquisition time for sidelink synchronization aiming to reduce waiting time for sidelink communication
SL synchronization accuracy
· Enhancements targeting to provide more accurate synchronization in time and frequency
SL synchronization complexity
· Enhancements aiming to simplify complexity of sidelink synchronization procedure (especially SLSS/PSBCH related part, where complicated procedures are defined in terms of sync source reference selection and SLSS/PSBCH transmission)
eV2X Sidelink Synchronization
Sidelink Synchronization References
For sidelink synchronization, the following reference sources can be considered:
GNSS
· Provides global coverage for accurate synchronization in time and frequency
gNB
· Uu-based synchronization (acquisition of NR PSS/SSS and PBCH) for NR or LTE sidelink
NR SLSS (NR UEs) 
· NR UEs synchronized to network or GNSS can serve as a references for NR UEs operating NR sidelink
· NR SLSS should not be considered for LTE sidelink synchronization due to causality considerations
eNB
· Uu-based synchronization (acquisition of LTE PSS/SSS and PBCH) for NR or LTE sidelink
LTE SLSS (LTE UEs)
· LTE SLSS should not be considered for NR sidelink synchronization and can be applied for LTE sidelink synchronization only
[bookmark: _Ref520550346]Table 1: Sidelink Reference Sources for NR and LTE V2X sidelink synchronization
	Sidelink Sync Sources
	GNSS
	gNB Uu
	NR SLSS 
(NR UE)
	eNB Uu
	LTE SLSS (LTE UE)

	NR Sidelink
	Yes
	Yes
	Yes
	Yes
	No

	LTE Sidelink
	Yes
	Yes
	No
	Yes
	Yes


Proposal 1:  
· Enable NR and LTE sidelink synchronization references as defined by Table 1
· eNBs (LTE-Uu) can serve as a synchronization sources for NR sidelink synchronization
· gNBs (NR-Uu) can serve as a synchronization sources for NR and LTE sidelink synchronization

SLSS Based Synchronization
The following UE types can serve as sidelink synchronization sources in LTE-V2X:
UE directly synchronized to eNB (UEeNB)
UE in-directly synchronized to eNB and propagating sync from network (UEUE-eNB)
UE directly synchronized to GNSS (UEGNSS)
UE in-directly synchronized to GNSS and propagating sync from GNSS (UEUE-GNSS)
UE serving as independent synchronization source (UEISS)
UE (in)-directly synchronized to UEISS and propagating its timing (UEUE-ISS)
In case if both eNB and gNB are introduced as a synchronization sources for NR and LTE sidelink synchronization the amount of synchronization sources will further expand resulting in increased availability of sidelink synchronization sources and synchronization coverage. In order to reduce impact on sidelink synchronization procedure eNB and gNB may have the same priority for sync source selection.
Consideration on RSU as a dedicated sidelink synchronization source
Different types of synchronization sources provide different quality for sidelink synchronization. For instance, UE directly synchronized to GNSS will have more accurate timing and frequency synchronization comparing to any UEs synchronized to SLSS. The UE mobility is one of the factors that can significantly affect synchronization accuracy due to relative Doppler effects and variation in propagation distance. From synchronization accuracy perspective, stationary UE can provide better synchronization performance comparing to the moving UEs. Therefore, it is desirable to distinguish stationary synchronization sources, e.g. RSU (UERSU) from vehicles.
Proposal 2:  
· Add new UE type of stationary synchronization sources (e.g. RSU) for sidelink synchronization

Synchronization Source Selection Rules
The following design guidelines should be used for sidelink synchronization source selection rules:
The NR-V2X sidelink synchronization should be simplified as much as possible without affecting much synchronization performance
The synchronization source selection rules should not impose unnecessary latency on sidelink communication, especially during initial sidelink synchronization process
· UE should not be expected to identify availability of higher priority sync sources before it starts sidelink transmission, if UE has already acquired a valid sidelink sync source

Consideration on eNB and gNB Synchronization Sources
The eNB and gNB as eV2X sync references represent network timing and there is no much motivation to prioritize sync source selection between these two sources. The actual selection of network (eNB/gNB) reference can be left up to UE implementation.
UEs synchronized to eNBs follow the same synchronization behavior as UEs synchronized to gNBs for SLSS/PSBCH transmission.
eNBs and gNBs have the same level of priority as synchronization sources and their selection can be left up to UE implementation otherwise RSRP criteria can be considered to select eNB/gNB synchronization source
Proposal 3: 
· eNBs and gNBs have equal priority in terms of sidelink synchronization reference
· Up to UE implementation which reference (eNB or gNB) to use for NR or LTE sidelink synchronization

Consideration on UE Based Synchronization Sources
The SLSS based sidelink synchronization procedure in LTE-V2X system is rather complicated, which is partially due to multiple type of sync sources and various deployment scenarios.
The following types of UE based sync sources can be foreseen for NR-V2X synchronization:
UEeNB, UEgNB, UEUE-eNB, UEUE-gNB – synchronization with NW timing; 
UEGNSS,  UEUE-GNSS  – synchronization with GNSS timing;
UERSU, UEUE-RSU – synchronization with stationary sources (GNSS and/or NW timing can depending on RSU reference source);
UEISS, UEUE-ISS – synchronization with independent synchronization sources.
Priority Rules for Sync Source Selection
From synchronization perspective, the following attributes of SLSS transmission (information grades) need to be distinguished to define simple synchronization source selection rules:
Primary information (information grade 0) – type of original synchronization source/reference:
· GNSS (GPS/GLONASS, etc.)
· Network (eNB/gNB)
· ISS - independent synchronization source (out of coverage UE with internal reference)
Second order information (information grade 1) – synchronization hop: 
· Directly synchronized to primary reference source (i.e. the 1st sync hop from GNSS/gNB/eNB/ISS)
· In-directly synchronized to primary reference source (i.e. ≥ two sync hops)
Third order information (information grade 2):
· Stationary sync source (e.g. RSU) 
· Non-stationary sync source (e.g. vehicle)
The sync source priority should be defined within information grade
Grade 0: GNSS > NW > ISS  or NW ≥ GNSS > ISS
Grade 1: Directly synchronized > Indirectly synchronized
Grade 2: Stationary > Non-stationary
Finally, the following synchronization source priority rules can be formulated taking into account information grade:
Priority Rule#1 (GNSS has higher priority than NW timing):
· GNSS > (or ≥) NW > UEGNSS_STATIONARY > (or ≥) UENW_STATIONARY > UEGNSS_NON-STATIONARY ≥ 
UENW_NON-STATIONARY > UEUE-GNSS  ≥ UEUE-NW > UEISS > UEUE-ISS
Priority Rule#2 (NW has higher priority than GNSS timing):
· NW > (or ≥) GNSS > UENW_STATIONARY  > (or ≥) UEGNSS_STATIONARY > UENW_NON-STATIONARY ≥ 
UEGNSS_NON-STATIONARY > UEUE-NW ≥ UEUE-GNSS > UEISS > UEUE-ISS

Proposal 4: 
· Priority rules for sidelink sync source selection are based on three types of information essential for sidelink synchronization accuracy:
· Type of original synchronization source / reference
· Sync hop information
· Stationarity of sync source
· In case of equal priority, RSRP is used as a tie breaking criteria

Sidelink Synchronization Signals and Channel
Numerology Considerations
In FR1, two numerology options are defined by NR for synchronization on cellular links – 15 kHz and 30 kHz SCS. The SCS used for PSS/SSS/PBCH transmission depends on frequency band.
For NR-V2X sidelink synchronization, the following considerations should be taken into account:
Link budget
· Higher SCS results in reduced slot duration and thus link budget (3dB and 6dB loss for 30kHz and 60kHz SCS respectively). The NR sidelink sync design should target better performance than LTE that implies ~1ms transmission duration for PSSS/SSSS/PSBCH in FR1.
Synchronization accuracy
· Accuracy of time-frequency synchronization depends on signal BW, SNR and overall physical structure, synchronization source.
Numerology for PSCCH/PSSCH
· Numerology used for PSCCH/PSSCH is important factor to consider. If fixed numerology is decided for NR-V2X sidelink communication channels, then it is desirable to have common numerology for sidelink synchronization framework.
Implementation aspects
· From implementation perspective, it is desirable to reuse (at least where possible) some of the design aspects from NR DL synchronization framework

Proposal 5:  
· If fixed numerology is agreed for PSCCH/PSSCH, 
· Use the same numerology for sidelink synchronization (SLSS/PSBCH)
· If PSCCH/PSSCH numerology is not fixed, define fixed numerology for SLSS/PSBCH transmissions 
· FFS if numerology of SLSS/PSBCH is fixed in specification or frequency band dependent

In NR Uu sync design, the BW of PSS/SSS is scaled with numerology/SCS. Scalability provides similar link budget independently of SCS values. For NR sidelink, in order to keep similar link budget (independently of SCS), the same duration of sidelink synchronization resource should be used, i.e. 1/2/4 slots for 15/30/60kHz SCS (see Figure 1).
If high SCS is used for PSCCH/PSSCH transmission (e.g. 30/60kHz), the use of 15kHz SCS for sidelink synchronization may be expensive in terms of latency due to 1ms sync slot duration.  In this case latency may become a bottleneck for sidelink URLLC transmissions near boundaries of synchronization resource (slot). In order to reduce latency for communication, it may be considered to distribute synchronization resource(s) over two slots or four slots (see 15kHz example in Figure 1). This approach will preserve physical structure for PSCCH/PSSCH transmissions, reduce latency due to introduction of synchronization resource and keep similar link budget characteristics independently of numerology. The principle of distributing one synchronization resource into several chunks transmitted in different slots can be applied for any numerology.


[bookmark: _Ref520747055]Figure 1: Structure of sidelink synchronization resources for different numerologies

Proposal 6:  
Apply LTE-V2X SLSS/PSBCH link budget as a baseline target for NR-V2X SLSS/PSBCH design
i.e. target link budget of NR-V2X SLSS/PSBCH should be similar or better than LTE-V2X SLSS/PSBCH design
Study solutions how to minimise impact on latency that may be caused by sidelink synchronization resource

Considering that 15kHz subcarrier spacing is not the best design option in high speed scenarios from communication persepctive (challenging to support high order modulations), the other options with 30kHz and 60kHz SCSs are more reasonable candidates for sidelink communication. One of the aspects that needs to be further considered is CP length that varies depending on SCS [3]. In case of NCP its duration is 2.34 us and 1.17 for 30kHz and 60kHz SCS respectively (i.e. 700m and 350m range). The 350m may not be sufficient for sidelink communication due to synchronization errors and propagation delay considerations (especially if gNB is used as a synchronization reference).

Proposal 7: 
· Further discuss the numerology used for sidelink synchronization signals/channels in FR1

SLSS Design Considerations
Similar to NR-Uu air-interface, the sidelink synchronization signal (SLSS) may be composed from primary (PSSS) and secondary (SSSS) sidelink synchronization signals.
Primary Sidelink Synchronization Signal (PSSS)
In this section, we provide initial considerations on PSSS signal design and discuss the following aspects:
Number of PSSS sequences
· Number of PSSS sequences should be minimized to reduce UE initial acquisition complexity
PSSS sequence design
· Similar principle as was applied for NR-Uu can be used to generate PSSS sequence
Payload
· The main function of PSSS is initial acquisition (i.e. acquire initial/coarse timing and frequency). We do not see the strong need for PSSS to carry any additional information and thus initial acquisition can be considered as a main PSSS function.
Bandwidth
· Depends on the SCS decision for sidelink numerology. In general 6 PRBs BW is considered sufficient at least for FR1.
Allocation in synchronization resource
· PSSS allocation in sidelink synchronization resource depends on selected numerology. From link budget consideration at least 2, 4 and 8 symbols are needed in case of 15/30/60kHz SCS to be competitive with LTE-V2X that utilizes two PSSS symbols per sync resource
Secondary Sidelink Synchronization Signal (SSSS)
In this section, we provide initial considerations on SSSS signal design and discuss the following aspects:
Number of SSSS sequences
· Number of SSSS sequences should be minimized to reduce UE initial acquisition complexity 
SSSS sequence design
· Similar principle as was applied for NR-Uu can be used to generate SSSS sequence
Carried information
· Sidelink synchronization signal ID (SLSS ID)
Bandwidth
· Depends on the decision for numerology (6 PRBs are considered sufficient at least for FR1)
Allocation in synchronization resource
· SSSS allocation in sidelink synchronization resource depends on selected numerology. From link budget consideration at least 2, 4 and 8 symbols are needed in case of 15/30/60kHz SCS to be competitive with LTE-V2X that utilizes two SSSS symbols per sync resource.
PSBCH Design Considerations
The main role of PSBCH is to carry SFN and slot number, so that all UEs can have the same timing notion. In addition, PSBCH can carry 1) information essential to physical layer operation, e.g. sidelink system BW, parameters describing L1 structure of PSCCH and/or PSSCH channels, 2) information relevant to sidelink synchronization procedure, e.g. type of original synchronization reference, sync hop information, allocation of sync resources and whether sync source is stationary. Finally, PSBCH should contain a set of reserved bits for future forward compatibility.
The physical structure of PSBCH should be aligned with PSSS/SSSS in terms of bandwidth.
SLSS / PSBCH Resource Allocation
LTE-V2X synchronization procedure has quite high complexity. The UE behaviour for SLSS/PSBCH transmission is dependent on amount of sync resources configured and synchronization reference used by UE. In addition, it was assumed that each sidelink carrier may have independent configuration of synchronization resources so that UE runs SLSS synchronization procedure on each carrier independently. Later on in sidelink carrier aggregation framework it was agreed to enable single reference carrier by configuration that significantly simplifies UE implementation.
Sidelink Synchronization Resource
In this section we discuss allocation of sidelink synchronization resource. Note that sidelink synchronization resource itself may contain multiple blocks for sidelink synchronization signals/channels transmission similar to SSB blocks in NR Uu.
Position in Time
In order to reduce complexity of the overall system and SLSS synchronization procedure, the single sidelink synchronization resource should be used with simple configuration in time (periodicity of allocation and time offset relative to SFN). The time multiplexing of SLSS/PSBCH transmissions from different types of UE sync sources within sidelink synchronization resource can be defined separately.


Figure 2: Sidelink Sync Resource Allocation and Multiplexing of SLLS/PSBCH from Various Sources

Proposal 8:  
· Single sidelink synchronization resource in time is configured for SLSS/PSBCH transmission by all UEs
· Specific instances for SLSS/PSBCH transmission within sidelink synchronization resource are associated with the type of sync reference UE (e.g. (in)-directly synchronized to GNSS, eNB/gNB, ISS)
· Time multiplexing of SLSS/PSBCH transmissions from different sync source types is determined by pre-defined rules for transmission within sidelink synchronization resource

Position in Frequency
Considering that there are many types of different SLSS sync sources, allocation of dedicated time resources for each type of synchronization source is expensive, therefore it should be considered to enable FDM of SLSS/PSBCH transmission from different sync sources. If BW of NR sidelink carrier can accommodate several resources in frequency and satisfying sidelink sync raster constraints then possibility to enable FDM of different sync source types should be considered.

Proposal 9: 
· SLSS/PSBCH transmissions from different source types can be multiplexed in frequency on the same synchronization resource in time
· SLSS/PSBCH transmission on a given time-frequency sidelink synchronization resource is determined by type of UE synchronization reference


Figure 3: FDM of SLSS/PSBCH transmissions
Given that ITS spectrum allocation is still subject to potential change, the system should support configuration, where centre frequency of sidelink synchronization resource is different from the centre frequency of NR sidelink carrier.

Proposal 10: 
· The center frequency for the SLSS/PSBCH transmissions can be different from the centre frequency of the NR sidelink carrier

SLSS Transmission at the Beginning of the Slot
In sidelink communication, the AGC needs to be executed according to possible sidelink channel access time instances (i.e. at slot level or more frequently if sub-slot level channel access granularity is supported). The first symbol of each channel access occasion can be corrupted by AGC. In LTE-V2X, the AGC settling time up to one OFDM symbol w/ 15 kHz SCS was assumed (~70us). In order to accommodate AGC settling, each sidelink transmission can start from AGC training symbol. Arbitrary physical signal and structure can be used as an AGC training signal. The PSSS or SSSS signal can be a good candidate to serve AGC purpose and additionally improve synchronization performance.


Figure 4: SLSS Transmission at the first symbol of slot

Proposal 11: 
· Send LS to RAN4 WG to clarify assumption on AGC convergence time for sidelink communication
· Study benefits of SLSS (or any other known signal) transmission at the first symbol of slot as an AGC training symbol
· All UEs occupying particular slot (or its part) for any sidelink transmission also transmit AGC training symbol
· AGC training symbol power is the same as the transmit power of the subsequent sidelink symbols in a given slot

Conclusions
In this contribution, we discussed major principles for NR V2X sidelink synchronization framework. In general, we think that many principles of LTE-V2X sidelink synchronization can be reused with selected enhancements targeting the following aspects:
Initial sidelink synchronization time reduction 
Improved sidelink synchronization accuracy
Reduced sidelink synchronization complexity
Based on discussion, we have following proposals to guide design for NRV2X sidelink synchronization:

Proposal 1: 
· Enable NR and LTE sidelink synchronization references as defined by Table 1
· eNBs (LTE-Uu) can serve as a synchronization sources for NR sidelink synchronization
· gNBs (NR-Uu) can serve as a synchronization sources for NR and LTE sidelink synchronization
Proposal 2: 
· Add new UE type of stationary synchronization sources (e.g. RSU) for sidelink synchronization
Proposal 3: 
· eNBs and gNBs have equal priority in terms of sidelink synchronization reference
· Up to UE implementation which reference (eNB or gNB) to use for NR or LTE sidelink synchronization
Proposal 4: 
· Priority rules for sidelink sync source selection are based on three types of information essential for sidelink synchronization accuracy:
· Type of original synchronization source / reference
· Sync hop information
· Stationarity of sync source
· In case of equal priority, RSRP is used as a tie breaking criteria
Proposal 5: 
· If fixed numerology is agreed for PSCCH/PSSCH, 
· Use the same numerology for sidelink synchronization (SLSS/PSBCH)
· If PSCCH/PSSCH numerology is not fixed, define fixed numerology for SLSS/PSBCH transmissions 
· FFS if numerology of SLSS/PSBCH is fixed in specification or frequency band dependent
Proposal 6: 
Apply LTE-V2X SLSS/PSBCH link budget as a baseline target for NR-V2X SLSS/PSBCH design
i.e. target link budget of NR-V2X SLSS/PSBCH should be similar or better than LTE-V2X SLSS/PSBCH design
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Proposal 7: 
· Further discuss the numerology used for sidelink synchronization signals/channels in FR1
Proposal 8: 
· Single sidelink synchronization resource in time is configured for SLSS/PSBCH transmission by all UEs
· Specific instances for SLSS/PSBCH transmission within sidelink synchronization resource are associated with the type of sync reference UE (e.g. (in)-directly synchronized to GNSS, eNB/gNB, ISS)
· Time multiplexing of SLSS/PSBCH transmissions from different sync source types is determined by pre-defined rules for transmission within sidelink synchronization resource
Proposal 9: 
· SLSS/PSBCH transmissions from different source types can be multiplexed in frequency on the same synchronization resource in time
· SLSS/PSBCH transmission on a given time-frequency sidelink synchronization resource is determined by type of UE synchronization reference
Proposal 10: 
· The center frequency for the SLSS/PSBCH transmissions can be different from the centre frequency of the NR sidelink carrier
Proposal 11: 
· Send LS to RAN4 WG to clarify assumption on AGC convergence time for sidelink communication
· Study benefits of SLSS (or any other known signal) transmission at the first symbol of slot as an AGC training symbol
· All UEs occupying particular slot (or its part) for any sidelink transmission also transmit AGC training symbol
· AGC training symbol power is the same as the transmit power of the subsequent sidelink symbols in a given slot
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