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Introduction
In RAN1 Ad-Hoc Meeting 1901, the following agreements were achieved related to NR V2X Sidelink synchronization mechanism [1]:

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

Agreements:
· 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

Agreements:
· Design Target for NR S-PSS/S-SSS:
· At least for 15 kHz SCS NR S-PSS/S-SSS, same or better coverage to that of LTE under the same Tx/Rx configuration
· Coverage:  measured in terms of coupling loss 
· MCL = P_Tx – (NF + N_floor + SINR)
· N_floor = -174 +10 log (BW)
· P_Tx = 23 dBm
· NF = 9 dB 
· SINR = -6 dB for LTE as the reference
· Companies to report detailed assumptions e.g. the detection method / probability / etc. for the target SINR

Agreements:
For the evaluation at next meeting, sequence length of S-PSS/S-SSS for all evaluated SCS is assumed the same as that of S-PSS/S-SSS with 15 kHz SCS    
· Other sequence lengths are not precluded

Agreements:
· Combination 1:  
· Time domain: 2 symbol of length-127 S-PSS, 2 symbol of length-127 S-SSS 
· Frequency domain:11 or 12 RBs
· BW containing S-SSB: 
· 2.5 MHz for 15 kHz SCS
· 5 MHz for 30 kHz SCS
· 10 MHz for 60 kHz SCS
· 20 MHz for 120 kHz SCS
· Combination 2:  
· Time domain: 2 symbol of length-127 S-PSS, 2 symbol of  length-127 S-SSS 
· Frequency domain:  20 RBs
· BW containing S-SSB: 
· 5 MHz for 15 kHz SCS
· 10 MHz for 30 kHz SCS
· 20 MHz for 60 kHz SCS
· 40 MHz for 120 kHz SCS
· Combination 3:  
· Time domain: 1 symbol of length-127 S-PSS, 1 symbol of  length-127 S-SSS 
· Frequency domain:  20 RBs
· BW containing S-SSB: 
· 5 MHz for 15 kHz SCS
· 10 MHz for 30 kHz SCS
· 20 MHz for 60 kHz SCS
· 40 MHz for 120 kHz SCS
· Combination 4:  
· Time domain: 1 symbol of length-255 S-PSS, 1 symbol of  length-255 S-SSS 
· Frequency domain:  24 RBs
· BW containing S-SSB: 
· 5 MHz for 15 kHz SCS
· 10 MHz for 30 kHz SCS
· 20 MHz for 60 kHz SCS
· 40 MHz for 120 kHz SCS
· Other combinations are not precluded.
· Note:  Company should specify the assumptions, such as total energy per SSB, when the performance results are compared between different combinations.  

Agreements:
· 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



This contribution discusses the design of S-SSB for NR V2X sidelink with the evaluation results. Section 2 discusses and evaluates the design of sidelink synchronization signals, S-SSB structure, PSBCH contents and sidelink synchronization sources and priorities.  Section 3 summarizes the proposals with conclusions.

Discussion
This section discusses the design of sidelink synchronization signals, S-SSB structure, PSBCH contents and sidelink synchronization sources and priorities with the evaluation results, based on the summary of offline discussion on sidelink synchronization in NR V2X in RAN1 Ad-Hoc Meeting 1901 [2].   Section 2.1 discusses the design of sidelink synchronization signals with the evaluation results. Section 2.2 discusses the design of S-SSB structure with the evaluation results. Section 2.3 discusses PSBCH contents. Section 2.4 discusses sidelink synchronization sources and priorities.

Sidelink synchronization signals
In this section, sidelink synchronization signals are discussed and evaluated. In section 2.1.1, design target for NR S-PSS and S-SSS is discussed. In section 2.1.2, sequence length of S-PSS and S-SSS is discussed. In section 2.1.3, multiple hypotheses method for estimation of initial frequency error is proposed.

Design target for NR S-PSS and S-SSS
In RAN1 Ad-Hoc Meeting 1901 [1], it had been agreed that the sequence types for S-PSS and S-SSS are respectively the same type as the M sequence for NR-PSS and Gold sequence for NR-SSS. And according to the agreements, at least for 15 kHz SCS NR S-PSS/S-SSS, same or better coverage to that of LTE under the same Tx/Rx configuration should be guaranteed. And the coverage is measured in terms of coupling loss, as shown in the following formula:
· MCL = P_Tx – (NF + N_floor + SINR)
· N_floor = -174 +10 log (BW)
· P_Tx = 23 dBm
· NF = 9 dB 
· SINR = -6 dB for LTE as the reference
In order to compare the coverage between NR V2X SLSS and LTE V2X SLSS, Detection performance is compared between NR V2X SLSS and LTE V2X SLSS under the same MCL value, as shown in the following Figure 1. And only one symbol is configured for NR V2X S-PSS and one symbol for S-SSS in time domain. It can be observed that NR V2X SLSS with length-127 sequence has the similar coverage to that of LTE in terms of coupling loss at SNR=-6dB.
Observation 1: NR V2X Length-127 SLSS with single symbol for NR S-PSS/S-SSS can obtain the similar coverage to that of LTE in terms of coupling loss at SNR=-6dB.
Proposal 1: Single symbol S-PSS and single symbol S-SSS should be configured in one NR S-SSB.
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                        a) SCS: 15 KHz; UE relative speed: 6Kmph                               b) SCS: 15 KHz; UE relative speed: 240Kmph

Figure 1: Comparison of detection performance between NR V2X SLSS and LTE V2X SLSS
 (Initial frequency error for TX and RX = ±5ppm, CF=6GHz)

Sequence length of S-PSS and S-SSS
A long sequence for SLSS, which longer than length-127 M sequence used in NR Uu, would improve the detection performance of SLSS. The minimum system bandwidth supported by the UE is 5 MHz, which is 24RB. Length-255 S-PSS and S-SSS sequences would be beneficial in providing additional processing gain in the detection and differentiating with the PSS/SSS sequence in the Uu link. 
As the processing gain of length-255 sequence is double to that of length-127 sequence, the detection performance should be better for length-255 sequence with higher processing gain than that of length-127 sequence under the condition of same frequency error.  As shown in Figure 2, the length-255 sequence can provide more than 3dB performance gain of SLSS detection probability compared to that of length-127 sequence. Performance comparisons of length-127 and length-255 with SCS 15 KHz and 30 KHz at 6Kmph and 240Kmph are given in Figure 2. 
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                        a) SCS: 15 KHz; UE relative speed: 6Kmph                               b) SCS: 15 KHz; UE relative speed: 240Kmph
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                        c) SCS: 30 KHz; UE relative speed: 6Kmph                               d) SCS: 30 KHz; UE relative speed: 240Kmph

Figure 2: Comparison of detection performance between length-127 sequence and length-255 sequence
 (Initial frequency error for TX and RX = ±5ppm, CF=6GHz)

According to the agreements in RAN1 Ad-Hoc Meeting 1901 [1], S-SSB Combination 1&2 configures 2 symbols of length-127 S-PSS and 2 symbols of length-127 S-SSS in time domain. Symbol repetition of SLSS can provide about 3dB performance gains over single symbol of SLSS in terms of joint detection probability. The two-symbol repetition gains can also be obtained by employing length-255 sequence instead of length-127 sequence. Extra overhead in time domain due to symbol repetition of SLSS can be avoided with length 255 sequence. The delay of S-SSB beam sweeping or repetition would be reduced.
Another advantage of length-255 sequence is that it can be used for PSBCH demodulation without the assistance of DMRS, as length-255 sequence can occupy the whole minimum system BW (24RB). And the performance gains of length-255 S-SSS alone for PSBCH demodulation over length-127 S-SSS plus DMRS can be observed (see section 2.2.2), which mainly come from the lower coding rate of PSBCH due to the lack of mapping DMRS symbols, and more frequency resources can be left for transmission of PSBCH.
Proposal 2: Length-255 S-PSS and S-SSS sequences can be considered in S-SSB design.

In addition, LTE V2X uses SLSS_ID(0~335) and InC(0,1) to inform the synchronization source information. SLSS_ID has been divided into two groups: SLSS_net and SLSS_oon:
· SLSS_net(0~167): generated from root index 26 and represents “within network coverage”. 
· SLSS_oon(168~335):generated from root index 37 and represents “out of network coverage”. 
Compared to LTE, NR Uu PCI had been expanded from 504 to 1008, in order to support higher density of cells in the deployment without the collision of PCID, which given by:




NR-PSS is a M sequence with 3 different IDs:  and NR-SSS is a Gold sequence with 336 different IDs: . 
NR V2X SLSS_ID also need to be expanded from the current 336, e.g. to 672 for two PSSID sets, in order to support higher density of cells/users/vehicles and more coverage scenarios.
Proposal 3: NR V2X SSID need to be expanded from the current 336, e.g. to 672.

Multiple hypotheses method for estimation of frequency error
UE frequency offset mainly comes from two aspects; they are the frequency errors from the drift of the local oscillator, and the Doppler shift caused by UE motion. These two kinds of frequency offset will increase in proportion to the increase of the carrier frequency. For example, if a crystal oscillator has a precision of 10 ppm, the frequency offset can be ±60 KHz at 6 GHz carrier frequency and, ±520 KHz at 52 GHz carrier frequency. In NR, the increase of the SCS is helpful to alleviate the frequency offset problem caused by high frequency. But for FR2, whether such a large frequency offset will affect the detection performance of NR synchronization signals needs to be further studied. 
In order to relieve the effect of initial frequency error (IFE) to detection performance of synchronization signals, multiple hypotheses (MH) method is proposed to estimate initial frequency error.
The basic idea of this method is to compensate the frequency error of the received synchronization signal by the hypotheses of a adding deterministic frequency offsets for compensation before the detection. The synchronization signal after compensation of frequency offset is used to correlate with the local synchronization sequence for peak detection. The peak detection among all hypotheses would be selected as the detection sequence with presumed frequency offset compensation.
Proposal 4: Multiple hypotheses method should be used to mitigate the frequency error in the SLSS detection.
The procedure of the multiple hypotheses testing is shown in Figure 3.
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Figure 3: Multiple hypotheses method for estimation of frequency error

The detection performance of length-255 sequence with different frequency errors is shown in Figure 4.   Setting the frequency error step to 10 KHz can achieve a balance between detection complexity and detection performance, which can not only ensure good detection performance, but also control the increase of complexity caused by multi-hypothesis detection in a reasonable way. The detection performance of length-255 sequence with different frequency error steps of multiple hypotheses is shown in Figure 5.
Observation 2: Frequency error step of multiple hypotheses can be set to around 10 KHz for 6 GHz carrier frequency with length-255 SLSS sequences to obtain satisfied detection performance with low detection complexity.
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Figure 4: Comparison of detection performance among different initial frequency errors for length-255 sequence
 (Initial frequency error(IFE) for TX and RX = ±0/1/2/5/10/20/30KHz, CF = 6GHz, UE relative speed = 6Kmph, SCS = 15KHz)
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Figure 5: Comparison of performance among different steps of multiple hypotheses (MH) for length-255 sequence
 (Initial frequency error for TX and RX = ±5ppm, CF = 6GHz, UE relative speed = 6Kmph, SCS = 15 KHz, Step of multiple hypotheses (MH) = 2/5/10/20/30 KHz)

Performance gains of applying multiple hypotheses method to estimate the initial frequency error on S-PSS and S-SSS detection are shown in Figure 6. It can be observed that multiple hypotheses method can provide more than 4dB performance gain for length-255 sequence and 2 dB performance gain for length-127 sequence in both low speed (6Kmph) and high speed (240Kmph) scenarios. Frequency error step 10 KHz is used for multiple hypotheses method to reduce the detection complexity.
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a) Length-127 and UE relative speed: 6Kmph                            b) Length-127 and UE relative speed: 240Kmph
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                     c) Length-255 and UE relative speed: 6Kmph                          d) Length-255 and UE relative speed: 240Kmph 
Figure 6: Comparison of detection performance between with and without multiple hypotheses (MH) method
 (Initial frequency error for TX and RX = ±5ppm, CF=6GHz, SCS = 15KHz, Step of MH = 10 KHz)

Observation 3: Multiple hypotheses method can provide more than 4dB performance gains for length-255 sequence and 2 dB performance gains for length-127 sequence in both low speed and high speed scenarios.

S-SSB structure
Considerations on S-SSB structure
According to the agreements in RAN1#95 [6], the design of NR V2X sidelink synchronization signals and PSBCH uses NR SSB structure as the starting point, and 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). In this section, we will discuss the details of sidelink synchronization channel structure based on NR SSB structure.
The design of S-SSB structure should take into consideration of the factors of waveform, bandwidth, SCS, DMRS, S-SSB burst since they will affect the design of S-SSB pattern. For the factor of waveform, if DFT-s-OFDM waveform is used, DMRS cannot be multiplexing with PSBCH in one OFDM symbol; DMRS will need to occupy a single symbol. If CP-OFDM waveform is adopted, the same design as NR SSB can be adopted, i.e., DMRS and PSBCH are transmitted in one symbol. 
Proposal 5: The design of NR V2X S-SSB structure should consider the following factors:
· Waveform
· Bandwidth / SCS
· DMRS or S-SSS for demodulation
· S-SSB burst 
· Beam sweeping
· Repetition 

· Synchronization waveform
NR supports two kinds of waveform for uplink transmission, including DFT-s-OFDM and CP-OFDM.  CP-OFDM can support flexible resource allocation mechanism with the capability of multiplexing data and DMRS in the same OFDM symbol, and has higher spectrum efficiency, comparing to those by using DFT-s-OFDM. The drawbacks of CP-OFDM focus on higher PAPR and reduced coverage area.   DFT-s-OFDM has lower PAPR and higher coverage area comparing to those by using CP-OFDM.  The drawbacks of DFT-s-OFDM are the restrictions in terms of multiplexing of data and DMRS in the same OFDM symbol and scheduling flexibility, and lower spectrum efficiency. 
According to the agreements in RAN1#95 [6], at least CP-OFDM is supported for sidelink and continues study on whether to support DFT-s-OFDM including the potential issues and the potential benefit. NR supports the dynamic switching between DFT-s-OFDM and CP-OFDM. It is also beneficial to dynamically adapt the waveform for different scenarios for NR V2X Sidelink. In the phase of synchronization procedure for NR V2X Sidelink, DFT-s-OFDM should be used to extend the coverage of synchronization signals and broadcast signals. CP-OFDM can be used for capacity-limited scenarios in unicast and groupcast communications to achieve high spectrum efficiency. The issue of high PAPR of CP-OFDM is not a serious problem for short range V2X communication.
Proposal 6: During sidelink synchronization procedure, DFT-s-OFDM should be used to extend the V2X coverage area. 

· Synchronization numerology
NR introduces flexible numerology, whose subcarrier spacing (SCS) can be 15 KHz/30 KHz/60 KHz/120 KHz, according to frequency band.  Larger SCS implies the shorter OFDM symbol duration and faster processing speed. Thus, the time delay sensitive services could be supported by larger SCS. 
NR V2X sidelink should take advantage of flexible numerology with the SCS adaptation to the V2X use cases.  In order to reduce initial acquisition time and UE complexity, the default SCS should be used for synchronization signals and broadcast information according to a given band, during sidelink synchronization procedure.
Proposal 7: A default SCS is pre-configured for SLSS/PSBCH transmission for a given band.

· Synchronization bandwidth
In order to accommodate the same PSBCH payload in different SCS cases to simplify the design of S-SSB, the same RB number should be guaranteed in different SCS cases. Because different SCS will lead to different system bandwidth, the minimum system bandwidth should be specified in RB number. The proposed minimum system bandwidth is about 24RB, and the minimum support bandwidth for different SCS around 24RB is shown in the table below.
Table 1: RB number and bandwidth for different SCS
	SCS
	RB number
	Minimum support bandwidth

	15KHz
	25
	5MHz

	30KHz
	24
	10MHz

	60KHz
	24
	20MHz


Proposal 8: The minimum system bandwidth should be specified in RB number. The proposed minimum system bandwidth is 25RB for 15 KHz SCS and 24 RB for 30/60 KHz SCS.

Waveform-independent S-SSB Pattern
NR SSB occupies 20 RBs in frequency domain, 4 symbols in time domain, and PBCH occupies three symbols, in which DMRS is interleaved for demodulation, as shown in Figure 7a option-1. For NR V2X S-SSB, length-255 SLSS sequences are proposed. The design of the S-SSB is extended to the whole minimum system BW, which occupies 24 RBs in frequency domain to accommodate length-255 SLSS sequences. PSBCH occupies two symbols in the S-SSB with potential DMRS used for demodulation as shown in Figure 7b option-2. However, due to the limitation of multiplexing data and DMRS in the same OFDM symbol for the DFT-s-OFDM waveform, it is necessary to occupy one new symbol to accommodate DMRS on the basis of option-2 for S-SSB pattern in the case of DFT-s-OFDM, which brings additional overhead.
To reduce the overhead and complexity, we propose a waveform-independent S-SSB pattern for both CP-OFDM and DFT-s-OFDM waveforms. As shown in Figures 7c and 7d, the two patterns of option-3 and option-4 are identical, and option-3 is applied for CP-OFDM, option-4 is applied for DFT-s-OFDM. Option-3 and option-4 do not include any DMRS. The length-255 S-SSS is used for PSBCH demodulation. 
The advantages of this kind of waveform-independent pattern include:
· Simple design, and reduce the complexity of PSBCH demodulation, 
· Lack of mapping of DMRS, and obtain lower coding rate for PSBCH, to achieve better performance, 
· Strong versatility, and can be applied to both CP-OFDM and DFT-s-OFDM waveforms.
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a) Option-1 for CP-OFDM                                                     b) Option-2 for CP-OFDM
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c) Option-3 for CP-OFDM                                                   d) Option-4 for DFT-s-OFDM

Figure 7: Candidate options of S-SSB pattern

The performance evaluation of these four patterns for 15 KHz and 30 KHz SCS are shown in Figure 8. It can be observed that option-3 has about 0.5 dB performance gain compared to option-1 and 0.8 dB gain compared to option-2 at low speed (6Kmph) scenario in -10dB SNR. At high speed (240Kmph) scenario, option-3 also outperforms both option-1 and option-2 with smaller gain. The performance gains of option-3 mainly come from the lower coding rate of PSBCH due to the absent of DMRS symbols, and more frequency resources can be used for PSBCH. In addition, the length-255 SLSS for option-3 can obtain better detection performance than length-127 SLSS for option-1.
Option-4 has the same pattern as option-3 but with DFT-s-OFDM waveform. As shown in Figure 8, the performance of option-4 is slightly better than option-1/option-2 at low speed scenario, similar to option-1/option-2 at high speed scenario. The DFT-s-OFDM can provide about 2.7dB CM performance gain for QPSK compared to CP-OFDM [3] to allow higher transmission power for the synchronization source. The performance gain of option-4 is about 3dB higher with consideration of higher transmission power at the Tx UE with lower PAPR.
Observation 4: The proposed waveform-independent S-SSB pattern can provide about 0.8 dB performance gain for CP-OFDM waveform and about 3dB for DFT-s-OFDM waveform with consideration of PAPR.
Proposal 9: Waveform-independent S-SSB pattern can be considered as it can provide better performance with lower complexity for demodulation.
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a) SCS=15 KHz and UE relative speed=6Kmph                       b) SCS=15 KHz and UE relative speed=240Kmph
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c) SCS=30 KHz and UE relative speed=6Kmph                        d) SCS=30 KHz and UE relative speed=240Kmph

Figure 8: Comparison of BLER performance among Option 1/2/3/4 of S-SSB structure

Transmission of multiple S-SSBs
According to the agreements in RAN1#95 [6], periodic transmission of S-SSB in NR V2X is supported, and FFS whether one/more S-SSB is transmitted in a period.
The synchronization mechanism in NR system is designed to support the beamformed synchronization signals with potential beam sweeping in time for UE to acquire the synchronization with extended distance, which mainly targets for high frequency bands (FR2) but could be also used for low frequency bands (FR1). For NR V2X, S-SSB beam sweeping or repetition should also be supported to enlarge the coverage range of S-SSB.
Proposal 10: S-SSB beam sweeping or repetition should be supported to enlarge the coverage range of S-SSB.
If beam sweeping of 64 S-SSBs is assumed to complete in 5 ms, it requires at least two S-SSBs per slot. For example, in 120 KHz SCS case, there are 8 slots per ms, so 16 S-SSBs per ms and 64 S-SSBs can be swept within 4ms.
Proposal 11: It requires at least two S-SSBs per Slot, so that beam sweeping of 64 S-SSBs can be finished in 5 ms for 120 KHz SCS.
From discussion aforementioned, two S-SSBs are reserved in one slot as shown in Figure 9. The proposed S-SSB could employ either CP-OFDM or DFT-s-OFDM waveform with the whole minimum system BW. Each SSB consists of 4 OFDM symbols, including S-PSS, S-SSS, and PSBCH information. One symbol of AGC training sequence is included in front of  S-SSB. Both S-PSS and S-SSS use length-255 sequence to improve the detection performance.
Proposal 12：In front of each S-SSB, one symbol of AGC training sequence should be added.
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Figure 9: Proposed S-SSB structure in one slot

PSBCH contents
In 5G NR, the PBCH payload consists of MIB and the additional timing information. The NR PBCH content can be classified into the following information
· System timing: SFN, half radio frame;
· TDD configuration
· [bookmark: OLE_LINK73][bookmark: OLE_LINK74]Initial access: subCarrierSpacingCommon, ssb-SubcarrierOffset, dmrs-TypeA-Position, pdcch-ConfigSIB1, MSB of the subcarrier offset between SSB and the common resource block grid (FR1) / SSB index(FR2);
· Cell related: cellBarred, intraFreqReselection.
In order to protect the data transmission of NR Uu users, the TDD UL-DL configuration needs to be transmitted in PSBCH. However, because the number of bits for this field in NR is much larger than LTE, it is recommended that SFI information be used instead.
In addition, in order to reduce the design complexity of V2X synchronization mechanism and avoid the huge workload caused by the introduction of new design, NR PBCH channel coding mechanism should be reused as far as possible, including Polor code, CRC length and payload interleaver pattern, so PSBCH payload size cannot exceed NR PBCH payload size, that is 56 bits.
Proposal 13: PSBCH for NR V2X at least should include SFI information. Other contents of PSBCH for NR V2X are FFS.
Proposal 14: The payload size of NR V2X PSBCH is no more than 56 bits, such that the NR V2X PSBCH channel coding can reuse the channel coding of NR PBCH, which includes the following,
· Polar code
· CRC length
· Payload interleaver pattern

Synchronization sources and priorities
In LTE V2X, synchronization sources include GNSS, eNB and UE. In NR V2X, gNB and NR UE are the new network nodes. According to the agreements in RAN1#94 [4], GNSS, gNB, eNB, UE and LTE UE are potential synchronization sources. And in RAN1#94bis [5], it is agreed that at least GNSS, gNB, NR UE, and eNB are supported as the synchronization source for NR V2X. Considering that the coverage of LTE network is better than that of NR network at the initial stage of NR network deployment, it is suggested that all these five types of network nodes should be included as synchronization sources in order to expand the coverage range. It should be noted that LTE UE should not be treated as synchronization sources for the V2X UE who only support NR V2X sidelink, since such single mode V2X UE don’t support LTE sidelink and cannot receive synchronization signals from LTE UE.
As gNB and eNB can achieve the timing alignment with each other by configuring timing offset between them, gNB and eNB can have the same priority. The following table gives proposed synchronization priority order for NR V2X, in which gNB and eNB have the same priority; NR UE and LTE UE also have the same priority.
When there are two or more synchronization references of a same priority to be selected as the highest priority, RSRP is used as a criteria to select the reference.
Table 2: Proposed synchronization priority order for NR V2X
	GNSS-based synchronization
	gNB/eNB-based synchronization

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



Proposal 15: It is suggested that GNSS, gNB, eNB, UE and LTE UE should be included as synchronization sources in order to expand the coverage range.
Proposal 16: It is unnecessary to distinguish priority between gNB and eNB, and they should have the same priority.

Conclusion
In this contribution, we discuss the design of sidelink synchronization signals with the evaluation results, design of S-SSB structure with the evaluation results, PSBCH contents and sidelink synchronization sources and priorities, and give the following observations and proposals:
Observation 1: NR V2X Length-127 SLSS with single symbol for NR S-PSS/S-SSS can obtain the similar coverage to that of LTE in terms of coupling loss at SNR=-6dB.
Observation 2: Frequency error step of multiple hypotheses can be set to around 10 KHz for 6 GHz carrier frequency with length-255 SLSS sequences to obtain satisfied detection performance with low detection complexity.
Observation 3: Multiple hypotheses method can provide more than 4dB performance gains for length-255 sequence and 2 dB performance gains for length-127 sequence in both low speed and high speed scenarios.
Observation 4: The proposed waveform-independent S-SSB pattern can provide about 0.8 dB performance gain for CP-OFDM waveform and about 3dB for DFT-s-OFDM waveform with consideration of PAPR.
Proposal 1: Single symbol S-PSS and single symbol S-SSS should be configured in one NR S-SSB.
Proposal 2: Length-255 S-PSS and S-SSS sequences can be considered in S-SSB design.
Proposal 3: NR V2X SSID need to be expanded from the current 336, e.g. to 672.
Proposal 4: Multiple hypotheses method should be used to mitigate the frequency error in the SLSS detection.
Proposal 5: The design of NR V2X S-SSB structure should consider the following factors:
· Waveform
· Bandwidth / SCS
· DMRS or S-SSS for demodulation
· S-SSB burst 
· Beam sweeping
· Repetition 
Proposal 6: During sidelink synchronization procedure, DFT-s-OFDM should be used to extend the V2X coverage area. 
Proposal 7: A default SCS is pre-configured for SLSS/PSBCH transmission for a given band.
Proposal 8: The minimum system bandwidth should be specified in RB number. The proposed minimum system bandwidth is 25RB for 15 KHz SCS and 24 RB for 30/60 KHz SCS.
Proposal 9: Waveform-independent S-SSB pattern can be considered as it can provide better performance with lower complexity for demodulation.
Proposal 10: S-SSB beam sweeping or repetition should be supported to enlarge the coverage range of S-SSB.
Proposal 11: It requires at least two S-SSBs per Slot, so that beam sweeping of 64 S-SSBs can be finished in 5 ms for 120 KHz SCS.
Proposal 12：In front of each S-SSB, one symbol of AGC training sequence should be added.
Proposal 13: PSBCH for NR V2X at least should include SFI information. Other contents of PSBCH for NR V2X are FFS.
Proposal 14: The payload size of NR V2X PSBCH is no more than 56 bits, such that the NR V2X PSBCH channel coding can reuse the channel coding of NR PBCH, which includes the following,
· Polar code
· CRC length
· Payload interleaver pattern
Proposal 15: It is suggested that GNSS, gNB, eNB, UE and LTE UE should be included as synchronization sources in order to expand the coverage range.
Proposal 16: It is unnecessary to distinguish priority between gNB and eNB, and they should have the same priority.
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Appendix: Simulation assumptions
Table 3 gives the link-level simulation assumptions for S-PSS/S-SSS detection performance in section 2.1.
Table 3: Link-level Simulation Assumptions for S-PSS/S-SSS detection performance 
	Parameters
	Below 6GHz

	Carrier Frequency
	6 GHz

	Channel Model
	V2X CDL channel model (Urban LOS)

	Antenna Configuration at the TX-UE and RX-UE
	(1,1,2) with Omni-directional antenna element

	Subcarrier Spacing(s)
	15kHz, 30KHz

	UE relative speed
	6 km/h, 240 km/h

	SNR Range
	> -6 dB

	Interference model
	Scenario 1: no interference

	S-PSS/S-SSS detection
	One-shot detection for joint S-PSS/S-SSS detection probability

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



Table 4 gives the link-level simulation assumptions for PSBCH BLER performance in section 2.2.
Table 4: Link-level Simulation Assumptions for PSBCH BLER performance 
	Parameters
	Below 6GHz

	Carrier Frequency
	6 GHz

	Channel Model
	V2X CDL channel model (Urban LOS)

	Antenna Configuration at the TX-UE and RX-UE
	(1,1,2) with Omni-directional antenna element

	Subcarrier Spacing(s)
	15kHz, 30KHz

	UE relative speed
	6 km/h, 240 km/h

	Interference model
	Scenario 1: no interference

	Payload size
	56 bits

	Modulation
	QPSK

	Channel coding
	Polar coding

	Channel estimation
	L-MMSE
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