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Introduction
In RAN1 #94bis meeting, the following agreements were achieved related to NR V2X Sidelink synchronization mechanism [1]:
 (
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 UE
s supporting LTE Uu/PC5 or Uu only
 
(no change to the eNB behaviour)
 
Whether a source is supported is for 
further
 
NR V2X 
UE capability consideration
Agreements
:
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
Working assumption:
For the purpose of evaluation, the initial frequency error should be within 
±[
5] ppm with the assumption of uniform distribution [-5, 5] for NR V2X sidelink synchronization.
Note: This is the error of the local oscillator for the 
Tx
 and Rx with respect to the absolute carrier frequency.
Agreements
:
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)
Agreements
:
Periodic transmission of S-SSB in NR V2X  is supported
FFS:  whether one/more S-SSB is transmitted in a period
)
This contribution discusses design of synchronization mechanism for NR V2X sidelink. Section 2 discusses design principles of synchronization mechanism, sidelink synchronization channel structure, UE frequency stability, PSBCH contents and sidelink synchronization sources and procedures. Section 3 summarizes the proposals as a conclusion.

Discussion
This section discusses the details of synchronization mechanism design for NR V2X Sidelink, based on the summary of offline discussion on sidelink synchronization in NR V2X in RAN1#94bis meeting [2]. Section 2.1 discusses design principles of synchronization mechanism. Section 2.2 discusses sidelink synchronization channel structure. Section 2.3 discusses UE frequency stability. Section 2.4 discusses PSBCH contents. Section 2.5 discusses sidelink synchronization sources and procedures.
Design principles of NR V2X sidelink synchronization mechanism
As NR V2X is the evolution of LTE V2X, it is reasonable to use LTE V2X sidelink synchronization procedures as the starting point for the design of NR V2X synchronization mechanism. 
The following principles should be considered in the design of synchronization mechanism for NR V2X sidelink:
1) [bookmark: OLE_LINK139][bookmark: OLE_LINK140]Targets to achieve
The design target of the NR synchronization mechanism should be identified. In order to evaluate the performance of NR sidelink synchronization, two metrics can be considered; they are initial acquisition time, and the coverage. The primary targets to achieve are trying to reduce the initial acquisition time and extend the coverage to allow as many users as possible to establish synchronization and communication with each other in the shortest possible time.  Moreover, synchronization mechanism of NR V2X should support different scenarios, including in-coverage, partial coverage, and out-of-coverage. 
2) UE complexity
[bookmark: OLE_LINK108][bookmark: OLE_LINK109]In order to reduce the terminal cost and power consumption, the complexity of V2X UEs is an important factor for design of NR V2X synchronization mechanism. For example, if there are too many levels of the synchronization priority order, the processing of the synchronization priority order may be too complex for the V2X UEs. 
3)  Tracking of multiple synchronization references
[bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK49][bookmark: OLE_LINK50]Multiple synchronization references are defined in LTE V2X and can be used for V2X sidelink synchronization.   The LTE synchronization sources include GNSS, LTE eNB and LTE UE.  Based on the two kinds of synchronization reference, GNSS and LTE eNB, LTE synchronization priority order can be classified into GNSS-based synchronization priority order and eNB-based synchronization priority order. Different types of sidelink synchronization sources have different priority orders. NR V2X should also support tracking of multiple synchronization references, and each of them associated with a different priority order. In line with the agreements in RAN1#94bis meeting, the synchronization sources at least include GNSS, gNB, NR UE, and eNB [1].
4) Uniform synchronization procedure for FR1/FR2
Since NR V2X sidelink is allowed to work in both FR1 and FR2, including licensed band and unlicensed band, the design of synchronization procedure should consider all potential operation bands. In order to reduce UE complexity and cost, it is desirable to have a common NR V2X synchronization framework for both FR1 and FR2. Moreover, LTE V2X synchronization procedure can be considered as the starting point of NR V2X synchronization procedure.
Proposal 1: The design of NR V2X synchronization mechanism needs to take into consideration of the targets to achieve, UE complexity, tracking of multiple synchronization references and uniform synchronization procedure for FR1/FR2.

Sidelink synchronization channel structure
In this section, synchronization signals are discussed. The synchronization waveform, synchronization numerology and limitation of channel BW are discussed. At last, the detailed design of S-SSB structure is given based on above discussions.

2.2.1   Synchronization signals
NR V2X synchronization signals include sidelink PSS (S-PSS) and sidelink SSS (S-SSS). And they are transmitted by a UE for the receiver to obtain time/frequency synchronization to the transmitter in NR V2X. The design of NR V2X sidelink synchronization signals should consider the sequence design, the UE detection performance and complexity.
In LTE, Zadoff-Chu sequence is used in the design of PSS. ZC sequence does not have good property at suppressing the frequency errors. This issue becomes worse for the larger frequency offset at higher carrier frequency. In order to solve this issue, M sequence is used for the design of NR synchronization signals to obtain better performance against frequency offset. Therefore, it is proposed that M sequence should be used in the design of NR V2X sidelink synchronization signals in order to mitigate the frequency error.
Proposal 2: M sequence should be used in the design of NR V2X sidelink synchronization signals.
Moreover, in order to improve the detection performance of SLSS, a long synchronization sequence longer than length-127 M sequence which used in NR Uu is preferred. The minimum system bandwidth supported by the UE is about 25RB. 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 shown in Figure 1, the percentages of the performance impacts by the frequency errors to length-255 sequence and length-127 sequence are the same from the normalized results. However, the processing gain of length-255 sequence is double that of length-127 sequence. Therefore, the detection performance should be better for length-255 sequence with higher processing gain than length-127 sequence under the same frequency error.
[bookmark: _GoBack][image: E:\7 提案撰写\4 NR V2X同步机制-95\PSS-127与255长度性能对比\length-255与Length-127性能对比.jpg]
a) Length-127 sequence                                          b) Length-255 sequence
Figure 1: Comparison of Correlation performance between length-127 sequence and length-255 sequence
Proposal 3: 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, which given by:




NR-PSS is a M sequence with 3 different IDs:  and NR-SSS is also a M 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 4: NR V2X SSID need to be expanded from the current 336, e.g. to 672.

2.2.2   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. 
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.
The CM and BLER performance of the two kinds of waveforms are provided in Figure 2 and Figure 3 [3]. From these figures, it can be observed that CP-OFDM can only provide a little better BLER performance (less than 1dB) than DFT-s-OFDM, but DFT-s-OFDM can provide about 2.7dB CM performance gain for QPSK and 1.8dB gain for 16QAM, compared to CP-OFDM.
[image: ][image: ]
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]a) QPSK                                                                   	       b) 16QAM
Figure 2: CM evaluations for candidate waveforms

[image: ][image: ]
a) 120KM/H                                                                        b) 280KM/H
Figure 3: BLER performance of candidate waveforms

Proposal 5: During sidelink synchronization procedure, DFT-s-OFDM should be used to extend the V2X coverage area. 

2.2.3   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, during sidelink synchronization procedure.
Proposal 6: A default SCS is pre-configured for SLSS/PSBCH transmission.

2.2.4   Limitation of channel BW
The minimum bandwidth supported by NR V2X determines the payload of broadcast information that NR V2X PSBCH can be mapped to the same number of OFDM symbols. For example, if the minimum support bandwidth is 10MHz, it corresponds to 52RBs for 15 KHz SCS, and 24RBs for 30 KHz SCS. Figure 4 gives an example of NR V2X sidelink SSB, assuming default SCS for sidelink synchronization procedure is 30 KHz, if the payload size of the NR V2X PSBCH requires 48 RBs to accommodate its broadcast information, a single symbol is sufficient for the case where the minimum support bandwidth is 20 MHz (as shown in Figure 4a), but two symbols are required for the case where the minimum support bandwidth is 10 MHz (as shown in Figure 4b). Therefore, the number of symbols required for PSBCH channel is related to the minimum support bandwidth and SCS setting, and the minimum support bandwidth will affect the design of S-SSB channel structure. It is necessary to firstly determine the minimum support bandwidth before designing the NR S-SSB channel structure.

[image: ] [image: ] 
a) Minimum support bandwidth is 20 MHz                b) Minimum support bandwidth is 10 MHz
Figure 4: Effect of minimum support bandwidth to the design of S-SSB channel structure

Proposal 7: The minimum support bandwidth should be determined first for the design of V2X S-SSB.
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 25RB, and the minimum support bandwidth for different SCS around 25RB 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 about 25RB.

2.2.5   Design of S-SSB structure
According to the agreements in RAN1#94bis meeting [1], the design of NR V2X sidelink synchronization signals and PSBCH uses NR SSB structure as the starting point. In this section, we will discuss the details of sidelink synchronization channel structure based on NR SSB structure.
During the design of S-SSB structure, the factors of waveform, bandwidth, SCS, DMRS, S-SSB burst should be considered, 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. For the factor of S-SSB burst, also affects the design 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 9: The design of NR V2X S-SSB structure should consider the following factors:
· Waveform
· Bandwidth / SCS
· DMRS
· S-SSB burst 
· Beam sweeping
· Repetition 
Proposal 10: 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.
According to the above criteria, we propose a structure of S-SSB, as shown in the following Figure 5. Proposed S-SSB uses DFT-s-OFDM waveform, occupies 25RB bandwidth, and one slot contains two S-SSBs, each of which consists of six OFDM symbols, including AGC, S-PSS, S-SSS, DMRS, PSBCH information. As the beam direction of the two S-SSBs is different, the received power of the S-SSBs may vary greatly, so it is necessary to add one symbol of AGC training sequence in front of each S-SSB. Both S-PSS and S-SSS use length-255 sequence to improve the detection performance.
[image: ]
Figure 5: Proposed S-SSB pattern in one slot

Proposal 11：In front of each S-SSB, one symbol of AGC training sequence should be added.
As shown in Figure 5, in addition to DMRS, S-SSS is also be used for channel estimation and PSBCH demodulation, so only need one symbol for DMRS and saves more space for other information transmission.
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 12: S-SSB beam sweeping or repetition should be supported to enlarge the coverage range of S-SSB.

UE frequency stability
UE frequency offset mainly comes from two aspects, one is the inherent frequency offset of crystal oscillator itself, generally expressed by ppm, and the other is from the Doppler shift caused by UE motion. These two kinds of frequency offset will increase in proportion with 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, but will be ±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.  
As agreed in RAN1#94bis meeting [1], for the purpose of evaluation, the initial frequency error should be within ±[5] ppm with the assumption of uniform distribution [-5, 5] for NR V2X sidelink synchronization. This working assumption is aligned with the setting of initial frequency offset in the link level evaluation simulation assumptions of NR initial access [4][5][6].
Moreover, during the design of synchronization, the effect of initial frequency error to detection performance of synchronization signals should be considered.
Proposal 13: The working assumption that initial frequency error should be within ±[5] ppm for the purpose of evaluation is confirmed.
Proposal 14: The effect of initial frequency error to detection performance of synchronization signals should be considered.
· Synchronization accuracy
· Complexity of detection

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 15: PSBCH for NR V2X at least should include SFI information. Other contents of PSBCH for NR V2X are FFS.
Proposal 16: 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 procedures
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#94bis meeting [1], 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 LTE UE should also be included as synchronization sources in order to expand the coverage range, but with lowest priority.
As gNB and NR UE are part of the synchronization sources, new synchronization priorities need to be defined with all synchronization sources. In LTE V2X, two sets of synchronization priority orders have been defined based on GNSS and eNB. The gNB means coverage from NR network and eNB means coverage from LTE network. The gNB should have higher priority than eNB in NR V2X synchronization procedure. Moreover, considering base station has higher synchronization accuracy than UE, eNB should have higher priority than NR UE. Based on these assumptions, the synchronization priority order of NR V2X needs to be updated.
It should be noted that LTE UE should not be treated as synchronization sources for the 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.
Proposal 17: It is suggested that LTE UE should be also included as synchronization sources in order to expand the coverage range, but with lowest priority.
For the UE supports both LTE V2X sidelink and NR V2X sidelink, transmissions of these two sidelink synchronization signals can be TDM or FDM. The TDM solution would require UE to transmit the synchronization signals at different slot/subframe. The V2X UE could transmit or receive sidelink data in NR when LTE is transmitting the sidelink synchronization signals. If FDM solution is used, the synchronization signals of two sidelinks may interfere with each other, such as in-band emission for intra-band case when the transmissions of synchronization signals are not coherent, with additional limitation of power sharing between the transmissions of two synchronization signals. 
For both TDM solution and FDM solution, timing alignment between the two sidelinks is very important. If LTE sidelink is not aligned with NR sidelink, there will be half duplex or power sharing problems. As shown in Figure 6a TDM solution, NR V2X sidelink carrier-1 cannot keep alignment with LTE V2X sidelink carrier-2. Due to Half-Duplex constraint, the shadowing parts of the subframe1 in LTE V2X sidelink carrier-2 cannot transmit signals, as the corresponding parts in NR V2X sidelink carrier-1 are on transmission in subframe2. Similar issue comes up for the shadowing parts of the subframe3 in LTE V2X sidelink carrier-2. Figure 6b shows the FDM solution has the similar issue. Therefore, the timing alignment between LTE sidelink and NR sidelink should be considered. Moreover, it should be considered how to align the synchronization resources and how to perform the simultaneous SLSS transmission between LTE sidelink and NR sidelink for sidelink dual-mode UE.
[image: ] 
a) TDM solution
[image: ]
b) FDM solution
 Figure 6: Timing misalignment between NR V2X sidelink carrier and LTE V2X sidelink carrier

Proposal 18: For both FDM solution and TDM solution, the timing between LTE Sidelink and NR Sidelink needs to be aligned for LTE-NR dual mode V2X.

Conclusion
In this contribution, we discuss design principles of synchronization mechanism, sidelink synchronization channel structure, and sidelink synchronization sources and procedures, and give the following proposals:
Proposal 1: The design of NR V2X synchronization mechanism needs to take into consideration of the targets to achieve, UE complexity, tracking of multiple synchronization references and uniform synchronization procedure for FR1/FR2.
Proposal 2: M sequence should be used in the design of NR V2X sidelink synchronization signals.
Proposal 3: length-255 S-PSS and S-SSS sequences can be considered in S-SSB design.
Proposal 4: NR V2X SSID need to be expanded from the current 336, e.g. to 672.
Proposal 5: During sidelink synchronization procedure, DFT-s-OFDM should be used to extend the V2X coverage area. 
Proposal 6: A default SCS is pre-configured for SLSS/PSBCH transmission.
Proposal 7: The minimum support bandwidth should be determined first for the design of V2X S-SSB.
Proposal 8: The minimum system bandwidth should be specified in RB number. The proposed minimum system bandwidth is about 25RB.
Proposal 9: The design of NR V2X S-SSB structure should consider the following factors:
· Waveform
· Bandwidth / SCS
· DMRS
· S-SSB burst 
· Beam sweeping
· Repetition 
Proposal 10: 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 11：In front of each S-SSB, one symbol of AGC training sequence should be added.
Proposal 12: S-SSB beam sweeping or repetition should be supported to enlarge the coverage range of S-SSB.
Proposal 13: The working assumption that initial frequency error should be within ±[5] ppm for the purpose of evaluation is confirmed.
Proposal 14: The effect of initial frequency error to detection performance of synchronization signals should be considered.
· Synchronization accuracy
· Complexity of detection
Proposal 15: PSBCH for NR V2X at least should include SFI information. Other contents of PSBCH for NR V2X are FFS.
Proposal 16: 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 17: It is suggested that LTE UE should be also included as synchronization sources in order to expand the coverage range, but with lowest priority.
Proposal 18: For both FDM solution and TDM solution, the timing between LTE Sidelink and NR Sidelink needs to be aligned for LTE-NR dual mode V2X.
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