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Introduction
The summary captures the issues and related candidate solutions of sidelink synchronization mechanism aspects for NR-V2X based on the submitted contributions [2]-[27].   The list of issues is categorized as follows, 
· Design of sidelink synchronization signals
· NR SLSS design
· NR SLSS sequence length
· The number of NR SL-SSID supported by the designed SLSS 
· The designed SLSS to distinguish from NR SS sequences in Uu interface
· Synchronization waveform
· Synchronization numerology
· SCS of S-SSB for a given band
· CP length for S-SSB
· Bandwidth for the designed S-SSB
· Number of RBs for S-SSB
· Frequency position of S-SSB
· Sync raster of S-SSB
· Issue 5: S-SSB structure
· The design alternatives of S-SSB structure
· The number of S-PSS/S-SSS symbols in a S-SSB
· The design of S-SSB Pattern
· The design of RS, such as AGC RS and DM RS, and GP for S-SSB
· Number of S-SSB in a slot for the designed S-SSB structure
· The support of multiple beam operation
· Periodicity of S-SSB transmission
· PSBCH contents
· The contents in the PSBCH
· The payload size of PSBCH
· Synchronization procedures: Priority and selection of the synchronization sources
· Other issues:
· Resource configuration for S-SSB transmission
· Synchronization enhancements
· Relationship between NR sidelink and LTE sidelink
· NR-V2X carrier aggregation
The detail analysis and draft proposal of the issues and candidate solutions for the sidelink synchronization mechanism are discussed in the summary.

Background
In RAN1 #95 meeting, the aspects for the design and evaluation of NR V2X Sidelink synchronization [28] were agreed as follows,
 (
Agreements:
Confirm the working assumption that initial frequency error before synchronized to any synchronization source should be within ±5 
ppm
 for the purpose of evaluation.  
Agreements
:
S-SSB has the same numerology, which includes SCS and CP length, as that of control and data channels for a given carrier 
Agreements
:
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
Agreements
:
For evaluation of V2X S-SSB, the transmission bandwidth of S-SSB is in proportion to the SCS for the design of V2X S-SSB.  
Alt1: 24 PRBs 
Alt2: 20 PRBs  
Other values are not precluded
Agreements
:
For the evaluation of S-PSS/S-SSS, the sequences and/or polynomials used in NR Uu PSS/SSS are used as the starting point of the NR V2X S-PSS/S-SSS design.
Others are not precluded.
Agreements
:
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
Agreements
:
Using the below table as a starting point for evaluation assumptions for sidelink synchronization LLS.
Detection probability of S-PSS/S-SSS
Decoding BLER of PSBCH
Check further offline regarding UE speeds (absolute vs. relative, including current channel model assumptions in the TR) 
 on Friday, confirmed to be relative speed and thus, the speeds in the table below need to be doubled
Discuss further offline payload size of PSBCH 
 to revisit in the next RAN1 meeting. Companies to report the assumed payload size of PSBCH in their evaluations
 
Below 6GHz
Above 6GHz
Carrier Frequency
6 GHz
30 GHz
Channel Model
CDL channel models 
Subcarrier Spacing(s)
15, 30, 60 kHz
60, 120 kHz
SNR Range
> -6 dB
> -6 dB
UE Speed
3 km/h, 120 km/h  (mandatory)
30km/h, 250 km/h (optional)
3 km/hr, 120 km/h (mandatory)
Interference model
Scenario 1: no interference
Scenario 2: effect of interference includes in the model
Scenario 1: 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
Agreements
:
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
Working assumption:
For the purpose of evaluation, the initial frequency error should be within 
±[
5,OPPO] 
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
)
 (
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Scenario 1: no interference
Initial Frequency Offset
TX: Uniform distribution within [-5, 5] 
ppm
 of nominal carrier frequency
RX: Uniform distribution within [-5, 5] 
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 of nominal carrier frequency
Agreements
:
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
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
)
Based on these agreements, companies continued discussion on sidelink synchronization mechanism in [2]-[27].
Sidelink Synchronization Signals
NR SLSS Design
Most companies proposed that the M-sequence based NR SS is used as the sequences for SLSS of NR V2X with the details, such as polynomial of generator, cyclic shift, for FFS inn [2,Huawei, HiSilicon] [3,vivo] [6,CATT] [8,ITRI] [18,Sharp] [19,Qualcomm] [22,Samsung] [24,Nokia,Nokia Shanghai Bell] [26,Convida Wireless], 

	Candidate schemes
	Supporting Companies

	M-sequence
	[2,Huawei, HiSilicon], [3,vivo], [6,CATT], [8,ITRI], [10,LG], [18,Sharp], [19,Qualcomm], [22,Samsung], [24,Nokia,Nokia Shanghai Bell], [26,Convida Wireless], [27,Ericsson]

	Others
	None



From the table above, most companies support M-sequence as the base sequence for SLSS.   No other candidate sequence were proposed for SLSS. 

Proposal 1: The M-sequence used for NR-PSS and NR-SSS is used as the sequences for NR SLSS. 

SLSS Sequence Length
Two sequence lengths were proposed for NR SLSS; they are length-127 and length-255. Several companies [2,Huawei, HiSilicon] [3,vivo] [4,MediaTek] [10,LG] [27,Ericsson] proposed the length-127 M sequence for S-PSS and S-SSS.  One company [6,CATT] proposed the length-255 M sequence for S-PSS and S-SSS. The evaluation results of SLSS sequence were provided by 5 companies [2,Huawei, HiSilicon] [3,vivo] [6,CATT] [10,LG] with the summary of the pro and con shown in the table below,

	Candidate schemes
	Length-127 SLSS
	Length-255 SLSS

	Supporting companies
	[2,Huawei, HiSilicon], [3,vivo], [10,LG]
	[6,CATT]

	Pros
	· Reuse the design of NR SS, such as polynomial of generator;
· Power boosting can be used.
	· Better detection performance than Length-127 sequence;
· Only using S-SSS to demodulate the PSBCH and DMRS-free, to obtain better performance of PSBCH due to low coding rate

	Cons
	· Worse detection performance than Length-255 sequence;
· Need DMRS to aid the demodulation of PSBCH.
	· Need design new sequence.
· Power boosting cannot be used.

	SLID Detection probability @-6dB SNR
	[2,Huawei, HiSilicon]: 97.5%
[3,vivo]: 82%
[6,CATT]: 57%
[10,LG]: 39%
	[6,CATT]: 83%

	Key simulation assumptions
	[2,Huawei, HiSilicon]: CDL-C channel, 60KHz SCS, 3Kmph, IFO(Initial Frequency Offset) = ±5ppm
[3,vivo]: TDL-A channel, 30KHz SCS, 6Kmph, IFO = ±5ppm
[6,CATT]: V2X CDL Urban-LOS channel, 30KHz SCS, 6Kmph, IFO = ±5ppm
[10,LG]: V2X CDL Urban-NLOS channel, 30KHz SCS, 3Kmph, IFO unknown


Notes: the above table only includes the opinions of companies which provide the simulation results.

[6,CATT] provides the performance results in comparison of length-127 sequence and length-255 sequence, at -6 dB SNR.  SLID detection probability can be improved from 57% to 83% for the length-255 sequence comparing to the length-127 sequence.

Proposal 2: The SLSS sequence length considers the following two alternatives
· Alt 1: Length-127 M-sequences 
· Alt 2: Length-255 M-sequences 

The number of NR SL-SSID
Most companies proposed that the number of NR V2X SSID needs to be expanded to support the capacity enhancement of synchronization source identification, in-coverage/out-of-coverage, and distinguish between NR Uu and NR V2X sidelink in [2,Huawei, HiSilicon] [3,vivo] [6,CATT] [17,InterDigital] [18,Sharp] [20,NTT DOCOMO] [22,Samsung] [23,ITL] [24,Nokia,Nokia Shanghai Bell].  


	Number of NR SL-SSID
	Supporting Companies

	672
	[3,vivo], [6,CATT], [20,NTT DOCOMO]

	504
	[22,Samsung]



Proposal 3: The number of NR V2X SSID to be supported in NR S-SSB design is 672.  .

The design of NR sidelink SS sequences should be capable to distinguish from NR SS sequences by CDM/TDM/FDM, or by different CS values, different structure or different primitive polynomials in [2,Huawei, HiSilicon] [11,NEC] [14,Spreadtrum] [17,InterDigital] [18,Sharp] [23,ITL] [24,Nokia,Nokia Shanghai Bell], 

Waveform for S-SSB

Two candidates of S-SSB waveform are the DFT-s-OFDM and CP-OFDM.  Two companies indicated their only support of CP-OFDM waveform for the S-SSB in [3, vivo] [4,MediaTek].  Two companies proposed DFT-s-OFDM waveform for the S-SSB in [6, CATT] [16,ZTE].  One company claimed that NR V2X should support only single waveform for the sidelink SSB [12,ETRI].  The summary of Pros and Cons of CP-OFDM and DFT-s-OFDM waveforms for the S-SSB is as follows,

	Candidate schemes
	CP-OFDM for the waveform of S-SSB
	DFT-s-OFDM for the waveform of S-SSB

	Supporting companies
	[3,vivo] [4,MediaTek]
	[6,CATT] [16,ZTE]

	Pros
	· Support flexible resource allocation mechanism
· Higher spectrum efficiency
	· lower PAPR
· Higher coverage area

	Cons
	· Higher PAPR
· Reduced coverage area
	· Restrictions in terms of multiplexing of data and DMRS in the same OFDM symbol
· Lower spectrum efficiency

	Performance evaluation
	[6,CATT]: 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 compared to CP-OFDM.

	Comments
	 [6,CATT] provides the comparison of performance between CP-OFDM and DFT-s-OFDM.




Proposal 4: Both DFT-s-OFDM and CP-OFDM should be considered in the design of S-SSB structure.  

Synchronization numerology

Several aspects of synchronization numerology are discussed, which include the default numerology for S-SSB [4,MediaTek] [6,CATT] [14,Spreadtrum], and the CP length [4,MediaTek] [22,Samsung]. 

SCS of S-SSB

Most Companies support a default SCS and CP length for S-SSB for a given band/carrier. [4,MediaTek], [6,CATT], [14,Spreadtrum]

Proposal 5: A default SCS is pre-configured for SLSS/PSBCH transmission for a given band

CP length of S-SSB
The proposals from companies are as follows, 
· The adoption of the numerology for S-SSB should take into account the coverage restricted by the CP length. [4,MediaTek]
· Extended CP is not supported for S-SSB. [22,Samsung]

Proposal 5: A default SCS is pre-configured for SLSS/PSBCH transmission for a given band/carrier.
Synchronization bandwidth
Number of RBs for S-SSB
The proposed number of RBs for S-SSB are 12, 20 and 24 in [2,Huawei, HiSilicon] [3,vivo] [6,CATT] [10,LG] [12,ETRI] [19,Qualcomm].  [24,Nokia, NSB] proposed that the bandwidth of S-SSB should be restricted. The performance results of SLSS sequence are provided by [2,Huawei, HiSilicon] [3,vivo] [6,CATT] [10,LG] with the summary of Pros and Cons shown in the table blow,

	Candidate schemes
	12 RB
	20RB
	24RB

	Supporting companies
	[2,Huawei, HiSilicon]
	[2,Huawei, HiSilicon] [3,vivo]
	[6,CATT]

	Pros
	· Less minimum bandwidth than 20RB and 24RB
	· Less minimum bandwidth than 24RB
	· Better BLER performance than 12RB and 20RB
· Support length-255 SLSS
· Support waveform-independent S-SSB pattern

	Cons
	· Worse performance than 20RB and 24RB
· Cannot support length-255 SLSS
· Need more PSBCH symbols
	· Worse performance than 24RB
· Cannot support length-255 SLSS
	· Need more minimum bandwidth than 12 RB and 20RB

	PSBCH BLER @-6dB SNR
	[2,Huawei, HiSilicon]: 1.5%
	[2,Huawei, HiSilicon]: 0.3%
[3,vivo]: 25%
[6,CATT]: 0.9%
[10,LG]: 6.8%
	[6,CATT]: 0.4%
[10,LG]: 7.2%

	Key simulation assumptions
	[2,Huawei, HiSilicon]: CDL-C channel, 60KHz SCS, 250Kmph
[3,vivo]: TDL-A channel, 30KHz SCS, 240Kmph
[6,CATT]: V2X CDL Urban-LOS channel, 30KHz SCS, 240Kmph, @-8dB SNR
[10,LG]: V2X CDL Urban-NLOS channel, 30KHz SCS, 250Kmph


Notes: the above table only includes the analysis with the evaluation results.

Proposal 6: The minimum support bandwidth should be determined together with the design of V2X S-SSB from the following alternatives,
· Alt 1: 20RB
· Alt2: 24RB

Frequency position of S-SSB
The proposals of S-SSB frequency location are as follows, 
· The frequency location for S-SSB should be (pre-) configured or network indicated. [9,Intel] [10,LG] [11,NEC] [16,ZTE]
· The center frequency of S-SSB can be different from the center frequency of the NR sidelink carrier. [9,Intel]
· The frequency location of S-SSB should be fixed or same on one carrier for all UEs. [11,NEC] [16,ZTE]

Proposal 7: The frequency location for S-SSB should be (pre-) configured.

Sync raster of S-SSB

The proposals of S-SSB Sync raster are as follows, 
· Sync raster of NR SSB should be reused as the starting point. [16,ZTE]
· Coarser or low sync raster could be predefined to reduce the UE synchronization complexity as well as latency. [21,Xiaomi] [24,Nokia,Nokia Shanghai Bell]
· RAN1 shall send an LS to RAN4 to inquire the synchronization raster and channel raster for sidelink. [22,Samsung]

Proposal 8: Sync raster for S-SSB should be predefined for each band

S-SSB Structure
Consideration of the S-SSB structure design
Several companies had proposals in the S-SSB structure design [3,vivo] [4,MediaTek] [6,CATT] [8,ITRI] [9,Intel] [10,LG] [11,NEC] [13,Sequans] [14,Spreadtrum] [17,InterDigital] [22,Samsung] [23,ITL] [24,Nokia,Nokia Shanghai Bell].  In [13,Sequans] [17,InterDigital] [23,ITL], NR SSB structure is proposed as the starting point of NR V2X S-SSB for minimizing standardization effort and NR V2X UE detection complexity. In [3,vivo] [17,InterDigital] [22,Samsung], a unified S-SSB pattern should be considered for both FR1 and FR2.
There are proposals to have S-SSB design with low correlation to the NR SSB and to be distinguished in the manner of FDM, TDM, GSCN, S-SSB pattern, SS sequence, cyclic shifts or muting [2,Huawei, HiSilicon] [5,OPPO] [10,LG] [12,ETRI] [13,Sequans], 

Number of S-PSS/S-SSS symbols in a S-SSB
Two alternatives of the number of S-PSS and S-SSS symbols in a S-SSB were proposed as follows, 
· Alt1: Single-symbol SLSS with S-PSS and S-SSS only occupy one symbol –  [3,vivo] [5,OPPO] [6,CATT] [27,Ericsson], 
· The simulation results showed that implementation methods can improve the detection performance without additional SLSS symbol in an S-SSB  [3,vivo] [6,CATT].   The method of multiple searchers in [3, vivo] and multiple hypotheses [6, CATT] were proposed and evaluated for the high speed scenarios.
· Alt2: Multi-symbol SLSS with S-PSS and/or S-SSS occupy at least two symbols - [2,Huawei, HiSilicon] [4,MediaTek] [10,LG] [14,Spreadtrum] [19,Qualcomm] [24,Nokia, NSB].
· The simulation results showed better detection performance of multiple SLSS symbols in a S-SSB comparing with that  of one SLSS symbols within one S-SSB  [2,Huawei, HiSilicon] [10 LG].

Detection Performance of NR SLSS
The performance evaluation results of the designed SLSS sequence from [2,Huawei, HiSilicon] [3,vivo] [6,CATT] [10,LG] are shown in the table below,

	Candidate schemes
	Single-symbol SLSS
	Multi-symbols SLSS

	Supporting companies
	 [3,vivo] [6,CATT]
	[2,Huawei, HiSilicon] [10,LG]

	Pros
	· Lower overhead than multiple-symbols SLSS.
· Similar performance can be obtained with implementation methods to improve the performance
	· Better detection performance than one-symbol SLSS without using implementation methods to improve the performance
· Reduce the complexity of detection 

	Cons
	· The complexity of detection will increase after using the implementation methods, but can be controlled in a reasonable way
	· Higher overhead than one-symbol SLSS 

	Performance
@-6dB SNR
	[3,vivo]: 82%
[6,CATT]: 83%
	[2,Huawei, HiSilicon]: 97.5%
[10,LG]: 39%

	Key simulation assumptions
	[2,Huawei, HiSilicon]: CDL-C channel, 60KHz SCS, 3Kmph, IFO(Initial Frequency Offset) = ±5ppm
[3,vivo]: TDL-A channel, 30KHz SCS, 6Kmph, IFO = ±5ppm
[6,CATT]: V2X CDL Urban-LOS channel, 30KHz SCS, 6Kmph, IFO = ±5ppm
[10,LG]: V2X CDL Urban-NLOS channel, 30KHz SCS, 3Kmph, IFO unknown


Notes: the above table only includes the opinions of companies which provide the simulation results.

The design of S-SSB Pattern
S-SSB patterns were proposed by[2,Huawei, HiSilicon] [3,vivo] [4,MediaTek] [5,OPPO] [6,CATT] [10,LG] [14,Spreadtrum] [16,ZTE] [24,Nokia,Nokia Shanghai Bell] [27,Ericsson].   
The simulation results of the design S-SSB pattern from [2,Huawei, HiSilicon] [3,vivo] [6,CATT] [10,LG] are  shown in the table below,

	Supporting Companies
	S-SSB patterns
	Sequence length of SLSS
	Bandwidth of PSBCH
	Detection Probability of SLSS@-6dB SNR
	BLER of PSBCH@-6dB SNR

	[2,Huawei, HiSilicon]
	 [image: ]
	127
	20RB
	97.5%
	0.3%

	[3,vivo]
	[image: ] 
	127
	20RB
	82%
	25%

	[6,CATT]
	
[image: ] [image: ]
	255
	24RB
	83%
	0.4%

	[10,LG]
	 [image: ] 
[image: ]
	127
	20RB
	39%
	6.8%

	Key simulation assumptions for SLSS
	[2,Huawei, HiSilicon]: CDL-C channel, 60KHz SCS, 3Kmph, IFO(Initial Frequency Offset) = ±5ppm
[3,vivo]: TDL-A channel, 30KHz SCS, 6Kmph, IFO = ±5ppm
[6,CATT]: V2X CDL Urban-LOS channel, 30KHz SCS, 6Kmph, IFO = ±5ppm
[10,LG]: V2X CDL Urban-NLOS channel, 30KHz SCS, 3Kmph, IFO unknown

	Key simulation assumptions for PSBCH
	[2,Huawei, HiSilicon]: CDL-C channel, 60KHz SCS, 250Kmph
[3,vivo]: TDL-A channel, 30KHz SCS, 240Kmph
[6,CATT]: V2X CDL Urban-LOS channel, 30KHz SCS, 240Kmph, @-8dB
[10,LG]: V2X CDL Urban-NLOS channel, 30KHz SCS, 250Kmph




Proposal 9: From evaluation results in the design of S-SSB structure, the number of symbols for S-PSS/S-SSS should be determined for design of S-SSB pattern
· Option 1: Multiple symbols for S-PSS/S-SSS in a S-SSB with repetition of both S-PSS and S-SSS symbols.
· Option 2: Single symbol for S-PSS/S-SSS in a S-SSB with implementation solution for high Doppler.

RS and GP Design for S-SSB

AGC and TX/RX switching periods should be taken into account for the design of S-SSB [3,vivo] [6,CATT] [9,Intel] [10,LG] with the options list below,
	Options
	AGC solutions
	Supporting company

	Option 1
	Using the PSBCH before S-PSS to do AGC tuning
	[3,vivo]

	Option 2
	One symbol of AGC training sequence should be added in front of each S-SSB
	[6,CATT]

	Option 3
	SLSS (or any other known signal) transmission at the first symbol of slot as an AGC training symbol
	[9,Intel]



Proposal 10: AGC and TX/RX switching periods should be taken into account in design S-SSB
· Option 1: PSBCH before S-PSS is used for AGC tuning 
· Option 2: One symbol of AGC training sequence is added in front of each S-SSB.
· Option 3: SLSS (or any other known signal) transmission at the first symbol of slot as an AGC training symbol

Number of S-SSB per slot/period
The proposals of supporting more than one S-SSB per slot/period are as follows
· Supported multiple S-SSB transmission in one period. [2,Huawei, HiSilicon] [6,CATT] [11,NEC] [16,ZTE] [20,NTT DOCOMO] [23,ITL]
· Whether one or multiple S-SSB is transmitted within a period depends on whether beamforming is supported. [5,OPPO]. 
· At least two S-SSBs per Slot for beam sweeping of 64 S-SSBs. [6,CATT]

Proposal 11: More than one S-SSB in a slot/period is supported. 

Multi-beam operation in NR sidelink

There were discussions on the support of multi-beam operation in NR sidelink as follows,
· S-SSB beam sweeping or repetition should be supported to enlarge the coverage range of S-SSB. [6,CATT] [12,ETRI] [21,Xiaomi]
· Beam sweeping and beam identification of S-SSB is not considered at least in FR1. [10,LG]

Proposal 12: The design of S-SSB structure and resource mapping should support S-SSB sweeping

Periodicity of S-SSB
It was proposed that more than one S-SSB periodicity should be supported and with the periodicity configured by the network [3,vivo] [20,NTT DOCOMO] [21,Xiaomi].  The details should the S-SSB periodicity should be further study
PSBCH contents
PSBCH Contents
PSBCH contents were discussed in [2,Huawei, HiSilicon] [4,MediaTek] [5,OPPO] [6,CATT] [8,ITRI] [14,Spreadtrum] [16,ZTE] [18,Sharp] [20,NTT DOCOMO] with the following parameters
Companies’ proposals:
· TDD UL/DL configuration or SFI information should be included in PSBCH with reasonable overhead. [2,Huawei, HiSilicon] [5,OPPO] [6,CATT] [14,Spreadtrum] [18,Sharp] [20,NTT DOCOMO]
· InCoverage indicator can be carried in PSBCH-DMRS rather than PSBCH payload to avoid unnecessary decoding for priority group identification. [4,MediaTek] [14,Spreadtrum]
· The following PSBCH content should be considered in which a total 48 bits for the PSBCH content are supported. [2,Huawei, HiSilicon]
	MasterInformationBlock-NR-V2X
	bits
	Notes

	sl-Bandwidth
	4
	

	tdd-ConfigSL
	[10]
	

	directFrameNumber
	10
	

	S-SSB time index
	3
	L_v2x=8

	inCoverage
	2
	In coverage for eNB coverage or gNB coverage, or out of coverage

	reserved
	19
	

	Total
	48
	



Proposal 13: PSBCH for NR V2X should include SFI information with the following parameters FFS

· DirectFrameNumber 
· The location and bandwidth of the initial SL BWP
· Slot number information
· InCoverage Indicator
· S-SSB time index

Payload size of PSBCH
The payload size and the coding rate of PSBCH were discussed in [2,Huawei, HiSilicon] [4,MediaTek] [6,CATT] [22,Samsung] with the list of summary in the following,
	Supporting Companies
	The payload size of PSBCH
		Rationale

	[4,MediaTek] [6,CATT]
	56 bits
	NR V2X PSBCH channel coding can reuse the channel coding of NR PBCH, in order to reduce the standardization effort.

	[2,Huawei, HiSilicon]
	48 bits
	See the above table

	[22,Samsung]
	Coding rate shall target for around 0.02 to 0.03.
	NR V2X shall target for one-shot decoding of PSBCH.



Proposal 14: The payload size of NR V2X PSBCH is no more than 56 bits to reuse the  channel coding of NR PBCH, which includes the following,
· Polar code
· CRC length
· Payload interleaver pattern
Synchronization Procedures,

Most companies proposed to have same priority of the gNB and eNB as the synchronization source [2,Huawei, HiSilicon] [3,vivo] [4,MediaTek] [6,CATT] [9,Intel] [25,HEPTA 7291].   There are proposals to have RSU and UE-in-platoon as a new type of synchronization sources [9,Intel] [13,Sequans].  Whether LTE UE as the NR V2X synchronization source were also discussed synchronization source with the summary in the table below,
	Options
	Supporting Companies
		Rationale

	Option 1:
Supporting LTE UE as the NR V2X synchronization source
	[6,CATT] [21,Xiaomi] [24,Nokia,Nokia Shanghai Bell]
	· To expand the coverage range
· Being beneficial on interference control
· Use case is NR sidelink UE cannot receive any GNSS signals

	Option 2: 
Do not supporting LTE UE as the NR V2X synchronization source
	[4,MediaTek] [9,Intel] [20,NTT DOCOMO] [22,Samsung] [27,Ericsson]
	· Mandate the inter-module tunnel between NR-V2X module and LTE-V2X module with high complexity and cost.
· To reduce amount of work and standardization efforts
· Don’t find any practical use case



In [10,LG] [24,Nokia,Nokia Shanghai Bell], SLSS of a specific UE can have a higher priority in unicast and groupcast in the synchronization procedure. 
A lot of companies discussed the issue of Priority and selection of the synchronization sources as follows,
· LTE V2X synchronization source selection mechanism can be a starting point for NR V2X. [3,vivo] [8,ITRI] [10,LG] [11,NEC] [22,Samsung] [23,ITL]
· Priority rules for sidelink sync source selection are based on type of original synchronization source / reference, number of hops and stationary of sync source. [2,Huawei, HiSilicon] [4,MediaTek] [9,Intel] [10,LG] [17,InterDigital] [20,NTT DOCOMO]
· Indication of the synchronization source type or number of hops through the S-SSB and/or PSBCH. [2,Huawei, HiSilicon] [20,NTT DOCOMO]

Proposal 15: LTE V2X synchronization procedure and source selection priority could be reused for that of V2X procedure as in the following table as a starting point for the rule of NR V2X synchronization source selection
	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. 





Other issues

Resource configuration for S-SSB transmission
There were discussions in time and frequency resource configuration or triggering for S-SSB transmission [2,Huawei, HiSilicon] [5,OPPO] [9,Intel] [16,ZTE] [23,ITL] [25,HEPTA 7291] [26,Convida Wireless] [27,Ericsson],. 
· The same synchronization resource configuration as LTE-V2X can be applied to NR-V2X. [5,OPPO]
· S-SSB transmission can be network configured or UE triggered. [2,Huawei, HiSilicon] [9,Intel] [25,HEPTA 7291] [27,Ericsson]
· Both TDM and FDM for S-SSB transmissions from different source types can be considered. [9,Intel] [16,ZTE] [23,ITL]

Synchronization enhancements
There were proposals on synchronization enhancement schemes [7,AT&T] [9,Intel] [10,LG] [19,Qualcomm] as follows,
· Local manager (scheduling UE) to broadcast a special SSB to identify itself to neighbour UEs.[7,AT&T]
· Non-SLSS based synchronization operation or Data-aided synchronization [9,Intel] [10,LG] [19,Qualcomm]
· Multi-cluster synchronization signal searching / tracking. A location based resource pool selection method. A method of utilizing FR1 timing to FR2 can be considered [10,LG]
· Reduced complexity synchronous-SLSS based synchronization enhancements [19,Qualcomm]


References
[1]. [bookmark: _Ref525291742][bookmark: _Ref520799645]R1-1814147, “Offline summary on AI 7.2.4.1.3 Synchronization mechanism”, CATT, Spokane, USA, 3GPP RAN1 #95.
[2]. R1-1900025, “Sidelink synchronization mechanisms for NR V2X”, Huawei, HiSilicon, Taipei, 3GPP RAN1#AH1901.
[3]. R1-1900119,  “NR sidelink synchronization mechanism”, vivo, Taipei,  3GPP RAN1#AH1901.
[4]. R1-1900198, “Discussion on sidelink based synchronization mechanism”, MediaTek Inc., Taipei, 3GPP RAN1#AH1901.
[5].  R1-1900302, “Discussion of synchronization mechanism for NR-V2X”, OPPO, Taipei, 3GPP RAN1#AH1901.
[6].  R1-1900322, “Design and evaluation of S-SSB for NR V2X Sidelink”, CATT, Taipei, 3GPP RAN1#AH1901.
[7].  R1-1900444, “Synchronization mechanism for NR sidelink”, AT&T, Taipei, 3GPP RAN1#AH1901.
[8]. R1-1900461, “Discussion for Sidelink Synchronization Issues and Mechanisms in NR V2X”, ITRI, Taipei,  3GPP RAN1#AH1901.
[9].  R1-1900482, “Sidelink synchronization for NR V2X communication”, Intel Corporation, Taipei, 3GPP RAN1#AH1901.
[10].  R1-1900649, “Discussion on synchronization mechanism for NR V2X”, LG Electronics, Taipei, 3GPP RAN1#AH1901.
[11].  R1-1900670, “Synchronization mechanism for NR V2X”, NEC, Taipei,  3GPP RAN1#AH1901.
[12].  R1-1900685, “Discussion on NR V2X sidelink synchronization”, ETRI, Taipei,  3GPP RAN1#AH1901.
[13].  R1-1900695, “Considerations on sidelink synchronization for NR V2X”, Sequans Communications, Taipei,  3GPP RAN1#AH1901.
[14].  R1-1900712, “Discussion on synchronization mechanisms for NR V2X”, Spreadtrum Communications, Taipei,  3GPP RAN1#AH1901.
[15].  R1-1900743, “Considerations on NR V2X Synchronization mechanism”, Apple Inc., Taipei, 3GPP RAN1#AH1901.
[16].  R1-1900776, “Discussion on synchronization mechanism in NR V2X”, ZTE, Sanechips, Taipei, 3GPP RAN1#AH1901.
[17].  R1-1900795, “On Synchronization Mechanism and Procedures for NR V2X Sidelink”, InterDigital, Inc., Taipei,  3GPP RAN1#AH1901.
[18].  R1-1900832, “Considerations on synchronization design for NR V2X”, Sharp, Taipei, 3GPP RAN1#AH1901.
[19].  R1-1900886, “Synchronization design for NR V2X”, Qualcomm Incorporated, Taipei, 3GPP RAN1#AH1901.
[20].  R1-1900964, “Sidelink synchronization mechanism for NR V2X”, NTT DOCOMO, INC., Taipei, 3GPP RAN1#AH1901.
[21].  R1-1901018, “On Synchronization for NR V2X”, Xiaomi Communications, Taipei, 3GPP RAN1#AH1901.
[22].  R1-1901049, “On synchronization mechanisms for NR V2X”, Samsung, Taipei,  3GPP RAN1#AH1901.
[23].  R1-1901143, “Considerations on sidelink synchronization for NR V2X”, ITL, Taipei, 3GPP RAN1#AH1901.
[24].  R1-1901157, “Discussion on NR V2X Sidelink Synchronization”, Nokia, Nokia Shanghai Bell, Taipei, 3GPP RAN1#AH1901.
[25].  R1-1901193, “NR Sidelink synchronization procedures for NR V2X”, HEPTA 7291, Taipei, 3GPP RAN1#AH1901.
[26].  R1-1901208, “Design Considerations for NR V2X Synchronization”, Convida Wireless, Taipei, 3GPP RAN1#AH1901.
[27].  R1-1901213, “On Synchronization for NR Sidelink”, Ericsson, Taipei,  3GPP RAN1#AH1901.
[28]. [bookmark: _Ref529349681] RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #95.
image2.png
Single S-PSS strcutre




image3.png
slels|e
i8] |s
elefs|e
287 |sle|s|e
s s |n
]
oFom Symseis

¢) Option-3 for CP-OFDM




image4.png
woo—o

T2 34
OFDM Symcs
) Option-4 for DF T-5-OF DM-




image5.png
1symbols

2symbol-type0-

2symbol-typel-

2symbol-type2-





image6.png
8

9

10

11,

12

13.




image1.png
svumoxT

L]

bnonn

hnnn

henn

hean





