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Introduction
At the RAN#83 meeting, the work item on NR V2X was approved [1]. One of the work item objectives is sidelink synchronization:
	Sidelink synchronization mechanism as per the study outcome [RAN1, RAN2]
· Procedures selecting synchronization reference
· S-SSB and procedures to transmit and receive it, including when GNSS and gNB/eNB are unavailable
· Use of RS for sidelink synchronization if specification impact is identified


The following agreements were made by RAN1 WG at RAN1#97 meeting:
	RAN1#97 Agreements
Working assumption:
· For the NR SLSS,
· Same sequence is used for both symbols of S-PSS
· Same sequence is used for both symbols of S-SSS

· The impact on detection probability performance of having or not having a transient period between S-PSS and S-SSS symbols is used to evaluate the following:
· Alt 1: S-PSS symbols and S-SSS symbols are adjacent.
· Alt 2: S-PSS symbols and S-SSS symbols are not adjacent.
· FFS (aim to conclude this week – see below)
· The power difference between S-PSS and S-SSS symbols.
· The transient duration.

· The following parameters are assumed for evaluation:
· Power Difference for S-PSS and S-SSS symbols:
· Opt.1) MPR values: S-PSS = 0 dB, S-SSS = 3 dB;
· Opt.2) MPR values: S-PSS = 3 dB, S-SSS = 3 dB
· Opt.3) companies to report the assumed MPR values
· Transient period is
· 10us for FR1; 5us for FR2
· Waveform puncturing during the transient period
· S-PSS detection search window: 80ms and 160ms

· In NR V2X, from transmitter perspective, the period (P1 in unit of ms) of S-SSB(s) transmission is the same for all SCS, for further down-selection:
· Alt 1: the number of S-SSB(s) transmitted within P1 is (pre-) configurable.
· Alt 2: the number of S-SSB(s) transmitted is fixed within P1 per SCS.
· Alt 3: only one S-SSB for all SCS is transmitted within P1.

· At least for evaluation, one S-SSB transmission with at least the following periodicity:
· 160ms period at least for 15kHz SCS.
· FFS other value(s)



This contribution is a revision of our submission to the previous meeting where we have updated sections taking into account proposals from the last meeting. In contribution, we discuss main aspects of sidelink synchronization for NR V2X communication, including synchronization procedure and sidelink synchronization signal design. Our views on other NR V2X design aspects are summarized in our companion contributions [3]-[9]
eV2X Sidelink Synchronization
Sidelink Synchronization References and Priority Rules
At the previous RAN1 WG meeting, it was agreed as a working assumption that either the GNSS or gNB/eNB based synchronization can be configured with the following priority rules as indicated in table below:
Table 1: GNSS and gNB/eNB based synchronization
	GNSS-based synchronization
	gNB/eNB-based synchronization

	P0: GNSS 
P1: the following UE has the same priority: 
· UE directly synchronized to GNSS
P2: the following UE has the same priority: 
· UE indirectly synchronized to GNSS
P3: the remaining UEs have the lowest priority.
	P0: gNB/eNB
P1: UE directly synchronized to gNB/eNB
P2: UE indirectly synchronized to gNB/eNB
P3: GNSS
P4: UE directly synchronized to GNSS
P5: UE indirectly synchronized to GNSS
P6: the remaining UEs have the lowest priority


In our view, priority rules for GNSS and gNB/eNB based synchronization should be symmetrical. Therefore we propose to revise priority rules as shown in Table 2. This revision can be beneficial for scenarios with long tunnels or basement parking levels. If needed it can be clarified that for GNSS based synchronization it is assumed that gNB/eNB provide aligned timing with GNSS.
[bookmark: _Ref5028388]Table 2: Revised priority rules for GNSS and gNB/eNB based sidelink synchronization for NR V2X
	GNSS-based synchronization
	gNB/eNB-based synchronization

	P0: GNSS
P1: UE directly synchronized to GNSS
P2: UE indirectly synchronized to GNSS
P3: gNB/eNB
P4: UE directly synchronized to gNB/eNB
P5: UE indirectly synchronized to gNB/eNB
P6: the remaining UEs have the lowest priority
	P0: gNB/eNB
P1: UE directly synchronized to gNB/eNB
P2: UE indirectly synchronized to gNB/eNB
P3: GNSS
P4: UE directly synchronized to GNSS
P5: UE indirectly synchronized to GNSS
P6: the remaining UEs have the lowest priority



Proposal 1: 
· Agree on sidelink synchronization source priorities for NR V2X communication as defined in Table 2

Initial Sidelink Synchronization and Communication
Considering that search time of different sidelink synchronization sources may be different, the initial sidelink synchronization process may take a long time if UE is supposed to respect synchronization source priority rules for the synchronization search procedure. The synchronization source selection rules should not impose unnecessary latency on sidelink communication during initial sidelink synchronization process. UE should be able to start communication once it detects any of valid sidelink synchronization sources while continue search for higher priority sync sources.

Proposal 2: 
· No priority order is defined for initial NR V2X sidelink synchronization
· 	UE can trigger sidelink communication once it has acquired any of valid sidelink synchronization sources, while continuing search for higher priority sync sources during initial synchronization process

In order to trigger sidelink communication, UE that has acquired sync should be aware on sidelink resource configuration. RAN1 need to discuss mechanisms how to check validity of NR V2X sidelink resource configuration or use some predefined resource configuration for sidelink transmission in similar cases.

Consideration on eNB and gNB Synchronization Sources
The eNB and gNB are agreed to be used as eV2X sync references representing network timing. From UE perspective 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

Sidelink Synchronization Signals and Channel
In terms of SLSS based sidelink synchronization, the first agreement that need to be made is that UE is not expected to blindly search for CP and SCS. The settings of these values are expected to be preconfigured.

Proposal 4: 
For SLSS based synchronization, UE is not expected to blindly detect SCS, Cyclic Prefix to demodulate PSBCH
SCS and CP settings are a part of UE pre-configuration

Numerology Considerations
The following agreement was made by RAN1 with respect to period of SSB transmission
	· In NR V2X, from transmitter perspective, the period (P1 in unit of ms) of S-SSB(s) transmission is the same for all SCS, for further down-selection:
· Alt 1: the number of S-SSB(s) transmitted within P1 is (pre-) configurable
· Alt 2: the number of S-SSB(s) transmitted is fixed within P1 per SCS
· Alt 3: only one S-SSB for all SCS is transmitted within P1


According to the RAN1 agreement, S-SSB has the same numerology as control and data channels for a given carrier. The same or better coverage as LTE so far was agreed only for 15kHz SCS, assuming the same Tx/Rx configuration.
For NR-V2X SLSS/PSBCH design, there are two design options possible. The first option (Option 1) is to try to achieve the same synchronization coverage independently of SCS. 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). The second option (Option 2) is to agree on reduced synchronization range with the increase of SCS. The selection b/w two options should depend on the assumption for data coverage. For instance, if for data transmission the same or similar coverage is targeted independently of SCS (e.g. slot bundling is assumed) then Option 1 should be used, otherwise Option 2 should be preferred. Although slot concatenation [3] can be applied to enable similar PSSCH coverage across different SCS settings, the PSCCH channel design is not so straightforward and therefore Option 2 seems to be a more natural design option with lower specification efforts.


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

SLSS Design Considerations
Primary Sidelink Synchronization Signal (PSSS/S-PSS)
In this section, we provide initial considerations on PSSS signal design and discuss the following aspects:
Number of PSSS/S-PSS sequences
· Number of PSSS/S-PSS sequences should be minimized to reduce UE initial acquisition complexity. In general, one or at most two PSSS/S-PSS sequences are sufficient. If two PSSS/S-PSS sequences are considered, it should not impose additional complexity on UE receive processing. Two signals can be used to differentiate independent sync source from other SLSS sources. In order to generate the second signal the time reversal operation can be applied in frequency domain to get complex conjugated signal in time and use single correlator to detect both sequences.
PSSS/S-PSS sequence design
· The same polynomial (not only type) as was applied for NR-Uu can be reused to generate P-SSS/S-PSS sequence. In general, it may not be even needed to differentiate S-PSS from Uu PSS signal given that frequency location of S-PSS transmission is pre-configured. On the other hand, in order to be on the safe side, different cyclic shifts can be applied (e.g. selected in the middle of the legacy cyclic shifts values [0, 43, 86] (e.g. new set of cyclic shift values for sidelink can be [22, 65, 108]) or time reversal operation (sequence mapping in frequency domain) can be used.
Number of PSSS/S-PSS symbols
· Two symbols were agreed by RAN1 for S-PSS and S-SSS transmission
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 design that utilizes two PSSS symbols per sync resource. 
· Considering that LTE V2X coverage target was agreed for 15kHz SCS, at least two S-PSS symbols should be allocated in case of 15kHz SCS. The additional S-PSS symbol can be introduced for AGC settling. 
· The similar coverage for 30 and 60kHz SCS can be achieved by repeating SSB, two and four times respectively within 1 ms (see Option 1 in Figure 1) however it is not motivated unless coverage of control and data channels is increased accordingly.

Based on the discussion, we have the following proposal for S-PSS design.

Proposal 5:  
For PSSS/S-PSS sequence generation, reuse the same polynomial and initialization state as defined for PSS
Select between the following alternatives to differentiate PSSS/S-PSS from PSS
Rely on different frequency allocation (sidelink frequency is configurable)
Apply time reversal mapping in frequency domain to get complex conjugated version of the legacy PSS signal
For PSSS/S-PSS signal, down-select between the following alternatives
Alt.1: Use single PSSS/S-PSS signal for NR-V2X sidelink communication
Alt.2: Use two PSSS/S-PSS signals for NR-V2X sidelink communication

Secondary Sidelink Synchronization Signal (SSSS/S-SSS)
In this section, we provide initial considerations on SSSS/S-SSS signal design and discuss the following aspects:
Number of SSSS/S-SSS sequences
· In general, we do not see much motivation to have large number of S-SSS sequences. Therefore what is defined for Uu link can be completely reused. This will increase number of sequences vs LTE V2X in two times, however given that cross-correlation properties of NR SSS sequences are superior, no degradation is expected with respect to LTE V2X SLSS ID detection performance. Alternatively the subset of SSS sequences can be reduced based on analysis of cross-correlation properties.
SSSS/S-SSS sequence design
· Similar principle/design as was applied for NR-Uu can be used to generate SSSS/S-SSS sequence in R16. Note that if S-PSS is different there is no need to distinguish SSSS/S-SSS from Uu SSS. Otherwise the different relative location of SSSS/S-SSS with respect to PSSS/S-PSSS within a slot can be considered.
Carried information
· Sidelink synchronization signal ID (SLSS ID) is the only information that needs to be carried by SSSS/S-SSS
Allocation in synchronization resource
· SSSS/S-SSS 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. Considering that LTE V2X coverage target was agreed for 15kHz SCS, at least two S-SSS symbols should be allocated in case of 15kHz SCS. The similar coverage for 30 and 60kHz SCS can be achieved by repeating SSB, two and four times respectively within 1 ms (see Option 1 in Figure 1).

Proposal 6: 
For SSSS/S-SSS sequence generation, reuse the same polynomials and initialization state as defined for legacy SSS on Uu link
For number of SSSS/S-SSS sequences, select between the following two alternatives:
Alt.1 Keep the same number of SSSS/S-SSS sequences for PC5 as it is defined for Uu (i.e. 336 sequences)
Alt.2 Reduce the number of SSSS/S-SSS sequences for PC5 in two times (i.e. 168 sequences) to be on par with LTE V2X design
SSSS/S-SSS sequence carries information on SLSS ID

SSB Physical Structure (S-PSS/S-SSS/PSBCH)
In order to achieve the similar or even better synchronization coverage in case of 15kHz SCS, the physical structure as shown in Figure 2 can be proposed for SSB:
The first symbol of SSB is allocated for AGC operation. It can be represented by PSSS/S-PSS signal or any other signal
The next two symbols of SSB are used for S-PSS/PSSS transmission and detection
The next two symbols are S-SSS/SSSS (follow the S-PSS/PSSS symbols)
· 	In general the position of S-SSS symbols can be shifted with respect to P-SSS/S-PSSS, although it may not be desirable if coherent detection is used for S-SSS detection
The remaining symbols of slot are allocated for PSBCH and DMRS transmissions except the last symbol
· 	It should be noted that the number of PSBCH symbols may be reduced if it is ensured that the same coverage as in LTE PSBCH can be guaranteed which is dependent on PSBCH payload
The last symbol serves as a guard period and is allocated to enable TX/RX switching



[bookmark: _Ref966266]Figure 2: Sidelink SSB Physical Structure for S-PSS/S-SSS/PSBCH

At the last meeting the issue on PAPR and MPR difference b/w S-PSS and S-SSS was raised. In our view, RAN1 need to agree first on signals, and then study whether there is any issue. Our understanding is that companies assume that PSS/SSS signals will be somewhat reused. In order to analyze the problem, we have conducted MPR analysis for NR PSS/SSS signals and have observed that the MPR difference does not exceed 1 dB. Therefore, among the proposed options for evaluations Option 3 should be used.
Another consideration is that RAN1 need to discuss physical structure for PSBCH. Given that this channel is expected to be modulated by either BPSK or QPSK we expect that MPR settings to be dominated by this channel and therefore, we do not observe critical issue in current assumptions on S-PSS and S-SSS design and the need to use different MPR settings across different symbols within one slot.

PSBCH Design Considerations
PSBCH content
The main role of PSBCH is to carry SFN/DFN 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. 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 the purpose of forward compatibility. The physical structure of PSBCH should be aligned with PSSS/SSSS in terms of transmission bandwidth (see Figure 2). In addition, PSBCH may carry information on sidelink resource configuration or profile ID, so that UEs that have synchronized to SLSS for the first time can figure out sidelink resource configuration to use. It is assumed that the set of profiles will be preconfigured to UE.
Finally, given that two types of synchronization procedures (GNSS based and gNB/eNB based) were agreed, we propose that PSBCH should indicate procedure in use. Based on the discussion, we believe at least the following content should be carried by PSBCH

Proposal 7: 
The following content is carried by PSBCH
· DFN (frame/sub-frame/slot number)
· Type of sidelink synchronization procedure (GNSS or eNB/gNB based)
· Original synchronization source: GNSS, NW (eNB or gNB), UE(independent synchronization source)
· Sync Hop Information
· 	Directly or indirectly synchronized to original synchronization source
· TDD-UL-DL configuration information and Slot Format Information (analogue of TDD configuration in LTE) 
· Indicates which slots are used for sidelink/uplink and their configuration
· Sidelink Resource Configuration ID (Profile ID)
· 	Profile of sidelink resource configuration (applicable at least for ITS carriers)
· 	Includes information on PSCCH/PSSCH/PSFCH and PSBCH resource configuration on given carrier 
· SLSS/PSBCH offset with respect to Point A for given sidelink carrier
· Sidelink Carrier Bandwidth and SL BWP parameters (SCS, CP, BW)
· Reserved bits – set to (pre)-configured value

SLSS ID and PSBCH Content Propagation
SLSD ID and PSBCH content should be propagated from the higher priority sidelink sync source to a lower priority sidelink sync source. In case of GNSS based synchronization, the involvement of the network should be minimal and therefore the SLSS ID and PSBCH content should be propagated based on UE pre-configuration. Network should have a mechanism to affect SLSS ID and PSBCH but it should be done through change of pre-configuration. In case of eNB/gNB based synchronization, the SLSS ID and PSBCH content can be derived from network, i.e. eNB/gNB signaling
Table 3: Propagation of SLSS and PSBCH content
	GNSS Based Synchronization
	eNB/gNB Based Synchronization

	UE directly synchronized to GNSS
SLSS ID and PSBCH content is derived from (pre)-configuration. Exceptions are
· DFN counter
· Original synchronization source
· Sync hop information
	UE directly synchronized to eNB/gNB
SLSS ID and PSBCH content is derived from eNB/gNB configuration signaling. Exceptions are
· DFN counter
· Original synchronization source
· Sync hop information

	UE indirectly synchronized to GNSS
SLSS ID and PSBCH content is derived from UE directly synchronized to GNSS. Exceptions are
· DFN counter
· Original synchronization source
· Sync hop information
	UE indirectly synchronized to eNB/gNB
SLSS ID and PSBCH content is derived from UE directly synchronized to eNB/gNB. Exceptions are
· DFN counter
· Original synchronization source
· Sync hop information

	UE directly synchronized to eNB/gNB
SLSS ID and PSBCH content is derived from (pre)-configuration. Exceptions are
· DFN counter
· Original synchronization source
· Sync hop information
	UE directly synchronized to GNSS
SLSS ID and PSBCH content is derived from (pre)-configuration. Exceptions are
· DFN counter
· Original synchronization source
· Sync hop information

	UE indirectly synchronized to eNB/gNB
SLSS ID and PSBCH content is derived from UE directly synchronized to eNB/gNB. Exceptions are
· DFN counter
· Original synchronization source
· Sync hop information
	UE indirectly synchronized to GNSS
SLSS ID and PSBCH content is derived from UE directly synchronized to GNSS. Exceptions are
· DFN counter
· Original synchronization source
· Sync hop information

	UE serving as independent sync source
SLSS ID is randomly selected from pre-configured range of SLSS IDs
PSBCH content is derived from pre-configuration for independent sync sources. Exceptions are
· DFN counter
· Original synchronization source
· Sync hop information
	UE serving as independent sync source 
SLSS ID is randomly selected from pre-configured range of SLSS IDs
PSBCH content is derived from pre-configuration for independent sync sources. Exceptions are
· DFN counter
· Original synchronization source
· Sync hop information



eNB when it serves for NR-V2X sidelink synchronization, should be able to provide information for NR-V2X sidelink synchronization including NR-V2X PSBCH content and SLSS ID, and configuration of sidelink synchronization resources.

Proposal 8:  
· eNB when it serves for NR-V2X sidelink synchronization provides signalling for NR-V2X PSBCH content, SLSS ID, and configuration of sidelink synchronization resources
· Signalling details are up to RAN2 (i.e. whether to update SIB21 or any other signaling)

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.

Proposal 9:  
· Common and single synchronization reference is used for SLSS/PSBCH transmission across carriers as well as for transmission and reception of other sidelink channels in ITS carriers
· SLSS/PSBCH configuration is aligned across multiple sidelink carriers if multiple carriers are considered

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.


[bookmark: _Ref965591]Figure 3: Sidelink Sync Resource Allocation and Multiplexing of SLSS/PSBCH from Various Sources

Proposal 10:  
· 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. Regarding sync raster for eV2X use cases, the position of SLSS/PSBCH transmissions may be pre-configured to UEs.

Proposal 11: 
· 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 4: FDM of SLSS/PSBCH transmissions

AGC/Sync Training Symbol
In sidelink communication, the AGC needs to be executed according to sidelink channel access instances (i.e. at slot level). The first symbol of each channel access occasion is likely to 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 any other known signal can be a good candidate to serve AGC purpose and additionally improve synchronization performance. It should be noted, that at the moment RAN4 has not converged on AGC settling time [2]. According to one of the options [2], AGC convergence time is comparable with 30kHz SCS symbol duration. In this case, in order to benefit synchronization performance it may be better to allocate some reference symbol in front of the slot.


Figure 5: SLSS Transmission at the first symbol of slot

Proposal 12: 
· Use the first symbol of slot as an AGC training symbol
· AGC training symbol is a replica of any predefined symbol in a slot (e.g. #1, 2, etc.) according to instantaneous sidelink resource allocation or signal generated from Gold sequence generator with the same bandwidth and transmit power as remaining symbols in the slot.

On DMRS / Data-Aided Synchronization
At the RAN1#96 meeting the following agreement was made
	· NR V2X supports using a sidelink RS for synchronization purpose
· Applicable only on unlicensed (ITS) carrier with no network deployment on this carrier
· This RS is not a standalone RS and not part of SLSS.  
· This RS will not appear in the synchronization procedure for the selection of sync sources.
· RS used for the synchronization purpose would not impact any sidelink RS design
· FFS:  Whether this RS is DM RS or other RS
· FFS: Whether this could be achieved by UE implementation 
· FFS: Specification impact 



If UE is receiving data from other UEs it can estimate the timing and frequency synchronization from transmitting UEs. In particular, any UE can derive timing from PSCCH/PSSCH transmissions by utilizing the DMRS signals to maintain accurate timing and frequency synchronization. Over SLSS transmission period, UE can receive transmissions from multiple UEs, where each UE may have different synchronization source. From synchronization perspective, it is desirable to derive sync from UEs having higher synchronization priority, e.g. UEs directly synchronized to GNSS or eNB/gNB. In order to filter out transmissions from UEs with lower synchronization source priority, the priority of synchronization source should be indicated.
The combination of DMRS / Data aided synchronization with known AGC training symbol transmission will significantly decrease the initial acquisition time for NR-V2X sidelink synchronization. In our view, this is essential and should be considered by RAN1, given that initial synchronization of LTE-V2X is one of the weak design points especially in out of coverage scenarios and “cold start” scenarios. Therefore NR-V2X enhancements should be considered here.
During initial synchronization process (i.e. from power off state), UE should be allowed to use the first synchronization that it has detected for sidelink communication. For instance, if during initial synchronization UE is supposed to look for GNSS/eNB/gNB/SLSS, independently which synchronization source is detected first, UE should be allowed for sidelink transmission. For instance, if UE has acquired sync from SLSS propagating NW or GNSS timing, UE should be allowed for sidelink transmissions while continue to search for higher priority synchronization sources.

Proposal 13: 
Support data-aided synchronization for NR-V2X sidelink communication based on processing of DMRS and/or AGC training symbol
In order to follow synchronization procedure, UE transmitting PSCCH/PSSCH indicates its synchronization source type
Other details of UE behavior are left up to UE implementation

SLSS Link Level Evaluations
In this section, we provide link level analysis of SLSS reception performance in terms of timing accuracy, residual carrier frequency offset estimation error and SLSS ID detection performance.
For analysis, we used S-SSB physical structure shown in Figure 2 with 11 PRB bandwidth. Evaluated S-SSB comprises two S-PSS, two S-SSS and 8 PSBCH symbols (i.e. Combination 1)). We have assumed the S-PSS is represented by two signals generated using NR Uu PSS polynomial. The analysis is done for 15 kHz SCS assuming two cross-polarized RX antennas for processing. The results of evaluation are shown in Figure 6 assuming 160ms synchronization signals transmission period. The full list of evaluation assumptions is provided in Table 4 in Annex A.
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[bookmark: _Ref5140715]Figure 6: SLSS performance analysis (a) – timing estimation accuracy, (b) residual frequency offset 
(c) S-PSS ID detection (d) SLSS ID detection performance
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 NR V2X sidelink synchronization:

Proposal 1: 
· Agree on sidelink synchronization source priorities for NR V2X communication as defined in Table 2
Proposal 2: 
· No priority order is defined for initial NR V2X sidelink synchronization
· 	UE can trigger sidelink communication once it has acquired any of valid sidelink synchronization sources, while continuing search for higher priority sync sources during initial synchronization process
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: 
For SLSS based synchronization, UE is not expected to blindly detect SCS, Cyclic Prefix to demodulate PSBCH
SCS and CP settings are a part of UE pre-configuration
Proposal 5: 
For PSSS/S-PSS sequence generation, reuse the same polynomial and initialization state as defined for PSS
Select between the following alternatives to differentiate PSSS/S-PSS from PSS
Rely on different frequency allocation (sidelink frequency is configurable)
Apply time reversal mapping in frequency domain to get complex conjugated version of the legacy PSS signal
For PSSS/S-PSS signal, down-select between the following alternatives
Alt.1: Use single PSSS/S-PSS signal for NR-V2X sidelink communication
Alt.2: Use two PSSS/S-PSS signals for NR-V2X sidelink communication
Proposal 6: 
For SSSS/S-SSS sequence generation, reuse the same polynomials and initialization state as defined for legacy SSS on Uu link
For number of SSSS/S-SSS sequences, select between the following two alternatives:
Alt.1 Keep the same number of SSSS/S-SSS sequences for PC5 as it is defined for Uu (i.e. 336 sequences)
Alt.2 Reduce the number of SSSS/S-SSS sequences for PC5 in two times (i.e. 168 sequences) to be on par with LTE V2X design
SSSS/S-SSS sequence carries information on SLSS ID
Proposal 7: 
The following content is carried by PSBCH
· DFN (frame/sub-frame/slot number)
· Type of sidelink synchronization procedure (GNSS or eNB/gNB based)
· Original synchronization source: GNSS, NW (eNB or gNB), UE(independent synchronization source)
· Sync Hop Information
· 	Directly or indirectly synchronized to original synchronization source
· TDD-UL-DL configuration information and Slot Format Information (analogue of TDD configuration in LTE) 
· Indicates which slots are used for sidelink/uplink and their configuration
· Sidelink Resource Configuration ID (Profile ID)
· 	Profile of sidelink resource configuration (applicable at least for ITS carriers)
· 	Includes information on PSCCH/PSSCH/PSFCH and PSBCH resource configuration on given carrier 
· SLSS/PSBCH offset with respect to Point A for given sidelink carrier
· Sidelink Carrier Bandwidth and SL BWP parameters (SCS, CP, BW)
· Reserved bits – set to (pre)-configured value
Proposal 8: 
· eNB when it serves for NR-V2X sidelink synchronization provides signalling for NR-V2X PSBCH content, SLSS ID, and configuration of sidelink synchronization resources
· Signalling details are up to RAN2 (i.e. whether to update SIB21 or any other signaling)
Proposal 9: 
· Common and single synchronization reference is used for SLSS/PSBCH transmission across carriers as well as for transmission and reception of other sidelink channels in ITS carriers
· SLSS/PSBCH configuration is aligned across multiple sidelink carriers if multiple carriers are considered
Proposal 10: 
· 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 11: 
· 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 12: 
· Use the first symbol of slot as an AGC training symbol
· AGC training symbol is a replica of any predefined symbol in a slot (e.g. #1, 2, etc.) according to instantaneous sidelink resource allocation or signal generated from Gold sequence generator with the same bandwidth and transmit power as remaining symbols in the slot.
Proposal 13: 
Support data-aided synchronization for NR-V2X sidelink communication based on processing of DMRS and/or AGC training symbol
In order to follow synchronization procedure, UE transmitting PSCCH/PSSCH indicates its synchronization source type
Other details of UE behavior are left up to UE implementation
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Annex A – eV2X Link Level Evaluation Assumptions
In this section, we provide summary of link level simulation assumptions. Evaluation assumptions from TR 38.885 [10] are used for performance evaluation.
[bookmark: _Ref534982661][bookmark: _Ref1658434]Table 4: Link level evaluation assumptions
	Parameter
	Value

	Carrier frequency
	6 GHz

	Subcarrier spacing	
	15 kHz

	Sampling
	5 MHz

	FFT size
	512

	Channel model
	Urban NLOS V2V CDL model

	Vehicle speed
	· {3 km/h, 3 km/h}

	Interference model
	No Interference

	Initial frequency offset

	TX: Uniform distribution within [-5, 5] ppm of nominal carrier frequency
RX: Uniform distribution within [-5, 5] ppm of nominal carrier frequency

	Antenna configuration
	2 Tx antennas, X-Pol
2 Rx antennas, X-Pol

	S-SSB transmission period
	160 ms

	Coarse frequency offset estimation
	Frequency offset hypothesis testing

	Coarse FO hypothesis frequency step
	10 kHz



Annex B – List of RAN1 Agreements on Synchronization
In this section, we provide list of RAN1 WG agreements on sidelink synchronization for NR-V2X communication.

	RAN1#94 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
RAN1#94bis 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 behavior) 
· Whether a source is supported is for further NR V2X UE capability consideration
· 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
· 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)
· Periodic transmission of S-SSB in NR V2X  is supported
· FFS:  whether one/more S-SSB is transmitted in a period
RAN1#95 Agreements:
· S-SSB has the same numerology, which includes SCS and CP length, as that of control and data channels for a given carrier
· The transmission bandwidth for S-SSB is within the BW of the (pre)-configured SL-BWP.  
· FFS:  The actual transmission BW for S-SSB and sync raster
· The aspects of synchronization sequence for NR V2X to be considered for the evaluation include,
· The length of S-PSS and S-SSS sequences
· If and how to distinguish from NR Uu PSS and SSS sequences
· The number of NR SL-SSID targeted in the design of NR V2X S-PSS/S-SSS 
· Use cases of NR SL-SSID should be addressed
· The study of NR V2X synchronization includes synchronization based on S-SSB  
· The study also includes use of other sidelink signals/channels (e.g., other RSs in the SL, using PSSCH, using PSCCH, etc.) for the sidelink synchronization
RAN1 AdHoc-1901 Agreements:
· For NR SLSS, as the baseline:
· The sequence type for S-PSS is the same type as the M-sequence used for NR-PSS
· The sequence type for S-SSS is the same type as the Gold sequence for NR-SSS
· The frequency location for S-SSB is (pre-) configured
· Note: it implies that there is no intended hypotheses detection in frequency location of S-SSB performed by the UE for a carrier in a given band
· Note: the potential frequency locations for the (pre-)configured frequency location may be restricted, up to RAN4
· At least for single-carrier operation:
· For the SL synchronization procedure, each type of synchronization reference has a respective sync priority 
· FFS the priority between eNB and gNB (if necessary)
· For the SL synchronization procedure, among the available references, a UE selects the synchronization reference with the highest priority as the reference to derive its transmission timing
· FFS other potential usage
· FFS how to handle the case when there are two or more references of a same priority to be selected as the highest priority


RAN1 #96 Agreements:
· Whether GNSS-based synchronization or gNB/eNB-based synchronization is used is (pre)-configured
· The following table is a working assumption
	GNSS-based synchronization
	gNB/eNB-based synchronization

	· P0: GNSS 
· P1: the following UE has the same priority: 
· UE directly synchronized to GNSS 
· P2: the following UE has the same priority: 
· UE indirectly synchronized to GNSS
· P3: the remaining UEs have the lowest priority.
	· P0: gNB/eNB
· P1’: UE directly synchronized to gNB/eNB 
· P2’: UE indirectly synchronized to gNB/eNB 
· P3’: GNSS 
· P4’: UE directly synchronized to GNSS 
· P5’: UE indirectly synchronized to GNSS
· P6’: the remaining UEs have the lowest priority. 



· NR V2X supports using a sidelink RS for synchronization purpose
· Applicable only on unlicensed (ITS) carrier with no network deployment on this carrier
· This RS is not a standalone RS and not part of SLSS.  
· This RS will not appear in the synchronization procedure for the selection of sync sources.
· RS used for the synchronization purpose would not impact any sidelink RS design
· FFS:  Whether this RS is DM RS or other RS
· FFS: Whether this could be achieved by UE implementation 
· FFS: Specification impact 

RAN1#96bis Agreements
· RAN1 will consider the design of NR SLSS where 
· S-PSS of LTE and NR candidates have similar PAPR
· S-SSS of LTE and NR candidates have similar PAPR
· SLSS design should take into consideration PAPR difference between S-PSS and S-SSS

· In NR V2X, S-SSB bandwidth is 11RBs
· PSBCH spans 11RBs
· The S-SSB is designed following combination 1
· Length-127 M-sequences for S-PSS and length-127 Gold sequences for S-SSS
· Two symbols are used for each of S-PSS and S-SSS, respectively

· For the evaluation of PSBCH performance, the payload size of NR V2X PSBCH is 56 bits including 24 bits of CRC.
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