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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 [3]-[27].   The list of issues is categorized as follows, 
· Sidelink synchronization signals
· Design target for NR SLSS
· NR SLSS sequence length
· NR SLSS Sequence generation
· Number of NR SL-SSID supported by the designed SLSS 
· S-SSB structure
· Consideration of the S-SSB structure design
· Synchronization numerology 
· Number of RBs for S-SSB 
· Number of S-PSS/S-SSS symbols in a S-SSB
· The design of S-SSB Pattern
· AGC-RS and GP Design for S-SSB
· Number of S-SSB per slot/period for the designed S-SSB structure
· Periodicity of S-SSB transmission
· PSBCH contents
· Contents in the PSBCH
· Payload size of PSBCH
· Synchronization procedures: Priority and selection of the synchronization sources
· RS based sidelink synchronization
· Other issues:
· Resource configuration for S-SSB transmission
· Synchronization enhancements
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#96, the following agreements were achieved on NR V2X Sidelink synchronization mechanism [1]:
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. 

Agreements:
· 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 


In RAN#83, the new work item on 5G V2X with NR sidelink [2] was approved with the following objectives related to Sidelink synchronization mechanism:
· 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


Based on these agreements and objectives, companies continued discussion on sidelink synchronization mechanism in [3]-[27].

Sidelink Synchronization Signals
Design target for NR SLSS
In RAN1 Ad-Hoc Meeting 1901, 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. 4 companies provide the comparison of detection performance between LTE V2X SLSS and NR V2X SLSS in [3,Huawei, HiSilicon] [7,MediaTek] [20,CATT] [26,LG]. 
	Candidate schemes
	SLID Detection probability @LTE V2X -6dB SNR 

	
	LTE V2X SLSS
	2 symbol of length-127 SLSS
	1 symbol of length-127 SLSS

	[3,Huawei, HiSilicon]
	89%
	88%
	81%

	[7,MediaTek]
	55%
	57%
	N/A

	[20,CATT]
	28%
	N/A
	26%

	[26,LG]
	57%
	 64%
	N/A

	Key simulation assumptions
	[3,Huawei, HiSilicon]: Urban-NLOS, 6GHz, 15KHz SCS, 3Kmph, IFO(Initial Frequency Offset) = ±5ppm
[7,MediaTek]: EPA5, 6GHz, 15KHz SCS, 5Kmph, IFO unknown
 [20,CATT]: V2X CDL Urban-LOS, 6GHz, 15KHz SCS, 6Kmph, IFO = ±5ppm
[26,LG]: V2X CDL Urban-NLOS, 6GHz, 15KHz SCS, 3Kmph, IFO unknown
Note: all the above simulation results were provided under the same MCL value for LTE and NR.



About the MPR issue during the coverage comparison between NR SLSS and LTE SLSS, two companies’ proposals as follows,
· [26,LG] proposed that detection improvement for NR S-PSS is needed to get same coverage performance as LTE S-PSS, considering a larger MPR value required for m-sequence-based NR S-PSS than ZC-sequence-based LTE S-PSS. And if different MPRs are applied to S-PSS and S-SSS/PSBCH, a time mask with a required transition period can be applied for the relevant part of S-SSB signal for better detection.
· [20,CATT] showed PAPR of NR S-PSS and S-SSS sequences at 99.9% CDF point are slightly smaller than that of LTE S-PSS and S-SSS(as shown in the following table) and proposed MPR can be neglected during the coverage comparison between LTE SLSS and NR SLSS as they have the similar PAPR.
	PAPR @ CDF 99.9% (dB)
	S-PSS
	S-SSS

	LTE SLSS
	4.58
	10.38

	NR SLSS
	4.43
	9.84



Offline consensus:
RAN1 will consider the designs 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.

Proposal 1: NR SL-SS and LTE SL-SS have similar PAPR value.  The factor of MPR can be neglected for the coverage comparison between LTE SL-SS and NR SL-SS

NR SLSS Sequence Length
Two sequence lengths were proposed for NR SLSS; they are length-127 and length-255. Several companies [3,Huawei, HiSilicon] [4,vivo] [5,Intel] [6,Samsung] [7,MediaTek] [11,TCL] [15,Qualcomm]  [23,InterDigital] [26,LG] proposed the length-127 M sequence for S-PSS and S-SSS.  One company [20,CATT] proposed the length-255 M sequence for S-PSS and S-SSS. The evaluation results of joint S-PSS/S-SSS detection performance were provided by 9 companies [3,Huawei, HiSilicon] [4,vivo] [5,Intel] [6,Samsung] [7,MediaTek] [15,Qualcomm] [20,CATT] [23,InterDigital] [26,LG] with the summary of the pro and con shown in the table below,
	Candidate schemes
	Combination 1&2
2 symbol of length-127 SLSS
	Combination 3
1 symbol of length-127 SLSS
	Combination 4
1 symbol of length-255 SLSS

	Supporting companies
	[3,Huawei, HiSilicon] [5,Intel] [6,Samsung] [7,MediaTek] [15,Qualcomm] [26,LG],
	[4,vivo] [23,InterDigital]
	[20,CATT]

	Pros
	· Reuse the design of NR SS, such as polynomial of generator;
· Power boosting can be used.
	· 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.
	· 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
	[3,Huawei, HiSilicon]: 88%
[4,vivo]: 95%
[5,Intel]: 90%
[6,Samsung]: 89.5%
 [7,MediaTek]: 80%
[15,Qualcomm]: 93%
[23,InterDigital]: 99%
[26,LG]: 81%
	[3,Huawei, HiSilicon]: 81%
[4,vivo]: 93% 
[20,CATT]: 57%
[23,InterDigital]: 97%
	[20,CATT]: 83%

	Key simulation assumptions
	[3,Huawei, HiSilicon]: Urban-NLOS, 6GHz, 15KHz SCS, 6Kmph, IFO(Initial Frequency Offset) = ±5ppm
[4,vivo]: V2X CDL urban LOS, 6GHz, 30KHz SCS, 6Kmph, IFO = ±5ppm
[5,Intel]: V2X CDL Urban-NLOS, 6GHz, 15KHz SCS, 6Kmph, IFO = ±5ppm 
[6,Samsung]: V2X CDL Urban-NLOS, 6GHz, 15KHz SCS, 6Kmph, IFO = ±5ppm, one PSS sequence
[7,MediaTek]: EPA5, 6GHz, 15KHz SCS, 5Kmph, IFO unknown
[15,Qualcomm]: V2X CDL Urban-NLOS, 6GHz, 30KHz SCS, 6Kmph, IFO = ±5ppm
[20,CATT]: V2X CDL Urban-LOS, 6GHz, 30KHz SCS, 6Kmph, IFO = ±5ppm 
[23,InterDigital]: V2X CDL Urban-LOS, 6GHz, 30KHz SCS, 6Kmph, IFO unknown
[26,LG]: V2X CDL Urban-NLOS, 6GHz, 15KHz SCS, 3Kmph, IFO unknown



[20,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.
	Options
	S-PSS Sequence Length
	S-SSS Sequence Length
	Number of S-PSS symbols
	Number of S-SSS symbols
	Number of RBs for S-SSB

	Combination 1
	M-127
	Gold-127
	2
	2
	11 or 12

	Combination 2
	M-127
	Gold-127
	2
	2
	20

	Combination 3
	M-127
	Gold-127
	1
	1
	20

	Combination 4
	M-255
	Gold-255
	1
	1
	24



Offline consensus:
· 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.


Proposal 2: 
The SLSS sequence length considers the following two alternatives for SCS of 15kHz
· Alt 1: Length-127 M-sequences for S-PSS and length-127 Gold sequences for S-SSS
· Alt 2: Length-255 M-sequences for S-PSS and length-255 Gold sequences for S-SSS

NR SLSS Sequence generation
The design of NR sidelink SS sequences should be capable to distinguish from NR SS sequences by CDM/TDM/FDM, or by different lengths, different CS values, different structure or different primitive polynomials [3,Huawei, HiSilicon] [8,NEC] [11,TCL] [15,Qualcomm] [17,ITL] [19,Nokia,NSB] [20,CATT] [23,InterDigital] [26,LG]. It is proposed that NR S-PSS sequences are orthogonal to NR Uu PSS sequences but NR Uu SSS sequences can be reused for S-SSS [15,Qualcomm].
The proposals of primitive polynomials and cyclic shifts of NR SLSS Sequence generation were as follows
· It is possible to select different cyclic shift values from NR-PSS polynomial and achieve good cross-correlation performance against NR-SSS. Other polynomials (of order 7) do not offer similar cross-correlation properties against both NR-PSS and NR-SSS as polynomials 145 and 131. M-sequence generated with polynomial 131 can achieve similar or better time and frequency domain correlation properties (ambiguity function) as NR-PSS. [19,Nokia,NSB]
· Using a same polynomial and a same initial value with a different cyclic shift with DL-PSS  guarantees S-PSS to have low correlation with DL-PSS due to the m-sequence property. And using same polynomials and same initial values with different cyclic shifts guarantees S-SSS to have low correlation with DL-SSS due to the Gold sequence property. [26,LG]

Proposal 3: For the evaluation of SLSS detection performance and down selection, the working assumptions of NR SLSS sequence generation are:
· Using a same polynomial and a same initial value with a different cyclic shift with DL-PSS  guarantees S-PSS to have low correlation with DL-PSS
· Using same polynomials and same initial values with different cyclic shifts guarantees S-SSS to have low correlation with DL-SSS

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, direct and indirect synchronization and distinguish between NR Uu and NR V2X sidelink in [3,Huawei, HiSilicon] [4,vivo] [10,Spreadtrum] [11,TCL] [17,ITL] [23,InterDigital]. 
· Two alternatives (336 or 168) for number of SSSS/S-SSS sequences is proposed in [5,Intel] [26,LG]. 
· It is proposed that the number of sequence for S-PSS is 1 and the SSIDs should be divided into three sets (InC_set+OoC_set+GNSS_set=336) in [6,Samsung]. 
· It is proposed that the combination of {2 S-PSS candidates + 168 S-SSS IDs} is preferred in [15,Qualcomm].
	Number of NR SL-SSID
	Supporting Companies

	672
	[3,Huawei, HiSilicon] [4,vivo] [10,Spreadtrum] [11,TCL] [23,InterDigital]

	336
	[6,Samsung] [15,Qualcomm] [5,Intel] [26,LG]



Offline consensus: 
The number of NR V2X SSID is 336.

S-SSB Structure
Consideration of the S-SSB structure design
Many companies had proposals in the S-SSB structure design [4,vivo] [5,Intel] [6,Samsung] [7,MediaTek] [10,Spreadtrum] [16,ITRI] [17,ITL] [19,Nokia,NSB] [20,CATT] [21,Sequans] [23,InterDigital] [26,LG]. 
· In [17,ITL] [21,Sequans] [23,InterDigital], 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 [6,Samsung], a unified S-SSB pattern should be considered for both FR1 and FR2. 
· In [10,Spreadtrum], a unified S-SSB structure for both normal CP and extended CP should be supported.
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 [3,Huawei, HiSilicon] [9,ETRI] [21,Sequans] [26,LG]. 

Synchronization numerology
Many Companies supported a default SCS and CP length for S-SSB should be pre-configured for a given band/carrier/BWP [4,vivo] [5,Intel] [13,OPPO] [20,CATT]. 
· [4,vivo] proposed that S-SSB with ECP is not supported at least in the shared bands in FR1 and FR2.
· [19,Nokia,NSB] proposed that enabling use of higher scs on narrower band may merit achievable latency and Doppler/phase noise robustness, but with reduced coverage.

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

Number of RBs for S-SSB
The proposed number of RBs for S-SSB were 11, 20 and 24 in [3,Huawei, HiSilicon] [4,vivo] [5,Intel] [6,Samsung] [9,ETRI] [15,Qualcomm] [20,CATT] [26,LG].  
· [9,ETRI] proposed NR V2X should study sidelink SSB structure which enables SSB detection with partial bandwidth processing. 
· [14,Nokia, NSB] proposed that the bandwidth of S-SSB should be restricted. 
The performance results of SLSS sequence are provided by [3,Huawei, HiSilicon] [4,vivo] [15,Qualcomm] [20,CATT] [26,LG] with the summary of Pros and Cons shown in the table below,
	Candidate schemes
	Combination 1
2 symbol of length-127 SLSS
11RB or 12RB
	Combination 2
2 symbol of length-127 SLSS
20RB
	Combination 3
1 symbol of length-127 SLSS
20RB
	Combination 4
1 symbol of length-255 SLSS
24RB

	Supporting companies
	[3,Huawei, HiSilicon]
[15,Qualcomm]
	[26,LG]
	[4,vivo]
	[20,CATT]

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

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

	PSBCH BLER @-6dB SNR
	[3,Huawei, HiSilicon]: 12%
 [15,Qualcomm]: 18%
[26,LG]: 17%
	 [4,vivo]: 2.1%
 [26,LG]: 6.5%
	[4,vivo]: 2.8%
[20,CATT]: 1%
	[20,CATT]: 0.2%
[26,LG]: 3%

	Key simulation assumptions
	[3,Huawei, HiSilicon]: Urban-NLOS, 6GHz, 15KHz SCS, 6Kmph, 56bits payload size
[4,vivo]: V2X CDL urban LOS, 6GHz, 30KHz SCS, 6Kmph, 56bits payload size
[15,Qualcomm]: V2X CDL Urban-NLOS, 6GHz, 30KHz SCS, 6Kmph, 72bits payload size 
[20,CATT]: V2X CDL Urban-LOS, 6GHz, 30KHz SCS, 6Kmph, 56bits payload size
[26,LG]: V2X CDL Urban-NLOS, 6GHz, 30KHz SCS, 3Kmph, 40bits payload size


[bookmark: _GoBack]
Proposal 6: The minimum support bandwidth should be determined together with the design of V2X S-SSB from the following alternatives,
· Alt 1: 11 or 12RB
· Alt 2: 20RB
· Alt 3: 24RB

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 - [4,vivo] [20,CATT] [23,InterDigital]. 
· The simulation results showed that implementation methods can improve the detection performance without additional SLSS symbol in an S-SSB. Multiple hypotheses method for estimation of frequency error were proposed and evaluated for the high speed scenarios. [20,CATT]
· Alt2: Multi-symbol SLSS with S-PSS and/or S-SSS occupy at least two symbols - [3,Huawei, HiSilicon] [5,Intel] [6,Samsung] [7,MediaTek] [11,TCL] [12,ZTE,Sanechips] [14,Nokia, NSB] [15,Qualcomm] [26,LG].

The performance evaluation results of the designed SLSS from [3,Huawei, HiSilicon] [4,vivo] [5,Intel] [6,Samsung] [7,MediaTek] [15,Qualcomm] [20,CATT] [23,InterDigital] [26,LG] are shown in the table below,
	Candidate schemes
	Single-symbol SLSS
	Multi-symbols SLSS

	Supporting companies
	 [4,vivo] [20,CATT] [23,InterDigital]
	[3,Huawei, HiSilicon] [5,Intel] [6,Samsung] [7,MediaTek] [15,Qualcomm] [26,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,Huawei, HiSilicon]: 81%
[4,vivo]: 93%
 [20,CATT]: 83%
[23,InterDigital]:97%
	[3,Huawei, HiSilicon]: 88%
[4,vivo]: 95% 
[5,Intel]: 90% 
[6,Samsung]: 89.5% 
[7,MediaTek]: 80%
[15,Qualcomm]: 93%
 [26,LG]: 81% 
[23,InterDigital]:99%

	Key simulation assumptions
	[3,Huawei, HiSilicon]: Urban-NLOS, 6GHz, 15KHz SCS, 3Kmph, IFO(Initial Frequency Offset) = ±5ppm
[4,vivo]: V2X CDL urban LOS, 6GHz, 30KHz SCS, 6Kmph, IFO = ±5ppm
[5,Intel]: V2X CDL Urban-NLOS, 6GHz, 15KHz SCS, 6Kmph, IFO = ±5ppm
[6,Samsung]: V2X CDL Urban-NLOS, 6GHz, 15KHz SCS, 6Kmph, IFO = ±5ppm, one PSS sequence
[7,MediaTek]: EPA5, 6GHz, 15KHz SCS, 5Kmph, IFO unknown
[15,Qualcomm]: V2X CDL Urban-NLOS, 6GHz, 30KHz SCS, 6Kmph, IFO = ±5ppm
[20,CATT]: V2X CDL Urban-LOS, 6GHz, 30KHz SCS, 6Kmph, IFO = ±5ppm
[23,InterDigital]: V2X CDL Urban-LOS, 6GHz, 30KHz SCS, 6Kmph, IFO unknown
[26,LG]: V2X CDL Urban-NLOS, 6GHz, 15KHz SCS, 3Kmph, IFO unknown 



The design of S-SSB Pattern
S-SSB patterns were proposed by [3,Huawei, HiSilicon] [4,vivo] [5,Intel] [7,MediaTek] [12,ZTE,Sanechips]  [13,OPPO] [15,Qualcomm] [19,Nokia,NSB] [20,CATT] [23,InterDigital] [26,LG].   
The simulation results of the design S-SSB pattern from [3,Huawei, HiSilicon] [4,vivo] [5,Intel] [7,MediaTek] [15,Qualcomm] [20,CATT] [23,InterDigital] [26,LG] are  shown in the table below,
	Supporting Companies
	S-SSB patterns
	Index of Combination
	Sequence length of SLSS
	Bandwidth of PSBCH
	Joint Detection Probability of SLSS@-6dB SNR
	BLER of PSBCH@-6dB SNR

	[3,Huawei, HiSilicon]
	[image: ]
	Combination 1
	127
	11RB
	88%
	12%

	[4,vivo]
	[image: ]
	Combination 2&3
	127
	20RB
	C2:95%
C3:93%
	C2:2.1%
C3:2.8%

	[5,Intel]
	[image: ]
	Combination 1
	127
	11RB
	90%
	N/A

	[7,MediaTek]
	[image: ]
	Combination 1
	127
	11 or 12RB
	80%
	N/A

	[15,Qualcomm]
	 [image: ]
	Combination 1
	127
	11RB
	93%
	18%

	[20,CATT]
	[image: ] 
	Combination 4
	255
	24RB
	83%
	0.2%

	[23,InterDigital]
	[image: ]
	Combination 1&2&3
	127
	C1:12RB
C2:20RB
C3:20RB
	C1:97%
C2:99%
C3:97%
	N/A

	[26,LG]
	[image: ]

[image: ]
	Combination 1&2
	127
	C1:11RB
C2:20RB
	81%
	C1:17%
C2:6.5%

	Key simulation assumptions for SLSS
	[3,Huawei, HiSilicon]: Urban-NLOS, 6GHz, 15KHz SCS, 3Kmph, IFO(Initial Frequency Offset) = ±5ppm
[4,vivo]: V2X CDL urban LOS, 6GHz, 30KHz SCS, 6Kmph, IFO = ±5ppm
[5,Intel]: V2X CDL Urban-NLOS, 6GHz, 15KHz SCS, 6Kmph, IFO = ±5ppm
[7,MediaTek]: EPA5, 6GHz, 15KHz SCS, 5Kmph, IFO unknown
[15,Qualcomm]: V2X CDL Urban-NLOS, 6GHz, 30KHz SCS, 6Kmph, IFO = ±5ppm
[20,CATT]: V2X CDL Urban-LOS, 6GHz, 30KHz SCS, 6Kmph, IFO = ±5ppm
[23,InterDigital]: V2X CDL Urban-LOS, 6GHz, 30KHz SCS, 6Kmph, IFO unknown
[26,LG]: V2X CDL Urban-NLOS, 6GHz, 15KHz SCS, 3Kmph, IFO unknown 

	Key simulation assumptions for PSBCH
	[3,Huawei, HiSilicon]: Urban-NLOS, 6GHz, 15KHz SCS, 6Kmph, 56bits payload size
[4,vivo]: V2X CDL urban LOS, 6GHz, 30KHz SCS, 6Kmph, 56bits payload size
[15,Qualcomm]: V2X CDL Urban-NLOS, 6GHz, 30KHz SCS, 6Kmph, 72bits payload size
[20,CATT]: V2X CDL Urban-LOS, 6GHz, 30KHz SCS, 6Kmph, 56bits payload size
[26,LG]: V2X CDL Urban-NLOS, 6GHz, 30KHz SCS, 3Kmph, 40bits payload size



Proposal 7: 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.

Proposal 8: For avoiding a transition period among the symbols within one S-SSB, the bandwidth of S-PSS and S-SSS should be the same as the following PSBCH.

Proposal 9: RAN1 should down-select the S-SSB pattern from the following combinations of S-SSB:
	Options
	S-PSS Sequence Length
	S-SSS Sequence Length
	Number of S-PSS symbols
	Number of S-SSS symbols
	Number of RBs for S-SSB

	Combination 1
	M-127
	Gold-127
	2
	2
	11 or 12

	Combination 2
	M-127
	Gold-127
	2
	2
	20

	Combination 3
	M-127
	Gold-127
	1
	1
	20

	Combination 4
	M-255
	Gold-255
	1
	1
	24



AGC-RS and GP Design for S-SSB
Many companies proposed that AGC and TX/RX switching periods should be taken into account for the design of S-SSB [4,vivo] [5,Intel] [13,OPPO] [15,Qualcomm]  [20,CATT] [26,LG]with the options list below:
	Options
	AGC-RS solutions
	Supporting company

	Option 1
	Using the PSBCH before S-PSS to do AGC tuning
	[4,vivo] [15,Qualcomm] [26,LG] 

	Option 2
	The first symbol of the S-SSB mapped to AGC training sequence or dummy signal.
	[5,Intel] [20,CATT] [26,LG]



Proposal 10: AGC-RS 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: The first symbol of the S-SSB mapped to AGC training sequence or dummy signal

Number of S-SSB per slot/period
According to the agreements in RAN1#95, periodic transmission of S-SSB in NR V2X is supported, and FFS whether one/more S-SSB is transmitted in a period. According to 5G V2X WID [2], no beam management is supported in NR sidelink design. Moreover, in order to enlarge the coverage range of S-SSB and maintain the transmission flexibility of S-SSB, S-SSB repetition and combining should be supported for NR V2X sidelink. The proposals of supporting more than one S-SSB per slot/period were as follows
· Supported multiple S-SSB transmission in one period. [3,Huawei, HiSilicon] [8,NEC] [9,ETRI] [17,ITL] [20,CATT] [25,NTT DOCOMO] 
· Multiple S-SSBs are transmitted in a period at least FR2. [9,ETRI]
· One S-SSB is transmitted within a period. [13,OPPO]. 
· S-SSB combining is required for PSBCH detection to ensure 1% BLER detection probability for SNR@-6dB. [3,Huawei, HiSilicon] [4,vivo] [20,CATT]
· S-SSB beam repetition in one slot should be supported to enlarge the coverage range of S-SSB and maintain the transmission flexibility of S-SSB. [20,CATT]

Proposal 12: More than one S-SSB in a slot or in one period is supported. 

Proposal 13: S-SSB repetition and combining is required for PSBCH detection to ensure 1% BLER detection probability for SNR@-6dB. 

Periodicity of S-SSB transmission
Many companies [3,Huawei, HiSilicon] [4,vivo] [10,Spreadtrum] [24,Xiaomi]  [25,NTT DOCOMO] proposed that more than one S-SSB periodicity should be supported and with the periodicity configured by the network. 
· Shorter S-SSB periodicity can be configured in order to enable such combining. In this case, the configured S-SSB periodicity can be similar to the configurability of Rel-15 Uu SSB burst set periodicity. [3,Huawei, HiSilicon]
· S-SSB periodicity should be an integer multiple of 20ms to align with TDD-UL-DL configuration.  [10,Spreadtrum]
· A longer default periodicity with configurable periodicity according to synchronization signal coverage could be defined.  [24,Xiaomi]
PSBCH contents
Contents in the PSBCH
PSBCH contents were discussed in [4,vivo] [5,Intel] [7,MediaTek] [10,Spreadtrum] [11,TCL] [12,ZTE,Sanechips] [13,OPPO] [16,ITRI] [19,Nokia,NSB] [20,CATT] [22,Sharp] [25,NTT DOCOMO] [26,LG] as follows,
· TDD UL/DL configuration or SFI information should be included in PSBCH with reasonable overhead. [4,vivo] [5,Intel] [13,OPPO]  [19,Nokia,NSB] [20,CATT]  [22,Sharp]  [25,NTT DOCOMO] [26,LG]
· A unified PSBCH payload (TDD UL/DL configuration) should be supported for inter-RAT, intra-RAT and out of coverage cases. [4,vivo]
· TDD UL/DL configuration can be carried by PC5-RRC channel, instead of PSBCH, due to the limited PSBCH payload. [10,Spreadtrum] 
· To reduce the PSBCH overhead, only available slot/symbol for NR-SL is informed, instead of indicating DL/UL/flex respectively. [25,NTT DOCOMO]
· PSBCH carries the information to derive frame timing, such as slot number information, SFN/DFN, and direct synchronization indicator. [4,vivo] [5,Intel] [7,MediaTek] [12,ZTE,Sanechips] [19,Nokia,NSB] [26,LG]
· PSBCH indicate the location and bandwidth of the initial SL BWP. [4,vivo] [5,Intel] [7,MediaTek] [10,Spreadtrum] [22,Sharp] 
· InCoverage indicator can be carried in PSBCH-DMRS rather than PSBCH payload to avoid unnecessary decoding for priority group identification. [7,MediaTek] [10,Spreadtrum]
· The synchronization source type and the number of hops should be indicated in the PSBCH content. [11,TCL]

Proposal 14: 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

Payload size of PSBCH
The payload size and the coding rate of PSBCH were discussed in [3,Huawei, HiSilicon] [4,vivo] [6,Samsung]  [20,CATT] with the list of summary in the following. 
	Supporting Companies
	The payload size of PSBCH
	Rationale

	[3,Huawei, HiSilicon] [4,vivo] [20,CATT]
	56 bits
	NR V2X PSBCH channel coding can reuse the channel coding of NR PBCH, in order to reduce the standardization effort.

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




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

Synchronization Procedures
In RAN1#96, the working assumptions of synchronization priority rules was agreed and assumed the gNB and eNB have same priority as the synchronization source [1]. Several companies [5,Intel] [7,MediaTek] [8,NEC] [22,Sharp] proposed that eNB/gNB should be included into the priority order of GNSS-based synchronization for confirmation of the working assumption. 
· [7,MediaTek] proposed that adding gNB as P2 in GNSS-based synchronization rule. 
· [8,NEC] proposed that adding eNB/gNB to the end of the priority order of GNSS-based synchronization. 
· [21,Sequans] proposed that working assumption of synchronization priority rules should be modified to allow the possibility of prioritizing synchronization from UE in same group. Configuration from gNB can control if such prioritization is enabled or disabled. 
· [5,Intel] preferred that priority rules for GNSS and gNB/eNB based synchronization should be symmetrical and proposed to agree on sidelink synchronization source priorities as defined in following table. 
	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



When there are two or more references of a same priority to be selected as the highest priority, the UE should select reference based on UE implementation (e.g., S-RSRP) [5,Intel] [12,ZTE,Sanechips] [17,ITL] [20,CATT] [24,Xiaomi] [27,Ericsson].
A lot of companies discussed the issue of Priority and selection of the synchronization sources as follows,
· No priority order is defined for initial NR V2X sidelink synchronization. [5,Intel]
· Clarify that “remaining UEs” in P3 are UEs using timing originated from GNSS; Clarify that priority order of a sync source UE is irrelevant to the type of sync signal/channel (i.e. LTE SLSS/PSBCH or NR S-SSB) transmitted by the UE. [8,NEC]
· NR UE transmitting LTE SLSS/PSBCH should be used as sync source for NR sidelink. And LTE UE is not used as sync source for NR sidelink. [8,NEC]
· For the in-coverage UEs, the mechanism of synchronization reference selection in LTE V2X is reused for NR V2X. [12,ZTE,Sanechips]
· SLSS of a specific UE (e.g. platoon head) can have a higher priority in unicast and groupcast in the synchronization procedure. [19,Nokia,NSB] [23,InterDigital]
· When network-based synchronization is used the carrier for eNB or gNB signals for synchronization is (pre)configured. [19,Nokia,NSB]
· When network-based synchronization is (pre)configured only SLSS from NR SL UE is used for synchronization of NR SL UE. When GNSS based synchronization is (pre)configured also SLSS from LTE SL UE can be used for synchronization. [19,Nokia,NSB]
· [bookmark: _Toc5110848]In partial coverage situation, the out-of-coverage-UEs may cause severe interferences to the in-coverage UEs because of different synchronization reference. This issue needs further study for interference reduction. [26,LG]
· In the list of agreed priorities, the behaviour of ‘UE directly synchronized to gNB/eNB’ is the following [27,Ericsson]:
· [bookmark: _Toc5110849]For operation in coverage on the frequency for V2X sidelink communication, the UE selects the serving gNB as synchronization reference.
· [bookmark: _Toc5110850]For operation out of coverage on the frequency for V2X sidelink communication but in coverage on another frequency, the UE selects an appropriate frequency out of a list configured by the network (that is a gNB/eNB) as synchronization reference.
· [bookmark: _Toc5110851]Other gNB/eNBs are not used as synchronization references for V2X sidelink communication.
	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 16: For confirmation of the working assumption of synchronization priority rules, eNB/gNB should be included into the priority order of GNSS-based synchronization.

Proposal 17: When there are two or more references of a same priority to be selected as the highest priority, the UE should select reference based on UE implementation (e.g., S-RSRP).

RS based sidelink synchronization
According to 5G V2X WID [2], use of RS for sidelink synchronization should be studied if specification impact is identified. RS based sidelink synchronization related discussions as follows,
· RS based synchronization can be supported by UE implementation without specification impact. [3,Huawei, HiSilicon] [6,Samsung] [13,OPPO]
· 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. [5,Intel]
· Whether it is up to UE implementation for falling back to S-SSB search from non-SLSS based synchronization should be clarified. [10,Spreadtrum]
· To support non-SLSS based synchronization, UE transmits its GNSS coverage state in (e.g. in MAC header or in control information) of its data/control transmission. [15,Qualcomm]
· RS-based SL synchronization is not defined in Rel-16 NR V2X WI. UE implementation can apply RS-based SL synchronization in addition to S-SSB-based SL synchronization. [25,NTT DOCOMO]
· [bookmark: _Toc5110862]UE synchronized to GNSS should transmit RS in a timing that is precise enough for the received RS timing is aligned with the GNSS timing within a required error range. And UE transmits an indicator whether the RS timing is reliable enough for other UEs to take it as a synchronization reference. [26,LG]
· [bookmark: _Toc5110852]RS-based synchronization is defined as a complementary procedure to SLSS synchronization and limited to the unlicensed carrier. And the RS-based synchronization mechanism is precluded to work as a standalone synchronization procedure. [27,Ericsson]
· [bookmark: _Toc5110854]The decision of determining the synchronization reference under RS-based synchronization mechanisms is left to UE implementation. [27,Ericsson]

Proposal 18: RS based synchronization can be supported by UE implementation without specification impact.

Other issues
Resource configuration for S-SSB transmission
There were discussions in time and frequency resource configuration or triggering for S-SSB transmission [3,Huawei, HiSilicon] [5,Intel] [10,Spreadtrum] [11,TCL] [12,ZTE,Sanechips] [13,OPPO] [17,ITL] [22,Sharp] [24,Xiaomi]  [25,NTT DOCOMO]. 
· S-SSB transmission can be network configured or UE triggered. [3,Huawei, HiSilicon] [5,Intel] [10,Spreadtrum]
· RAN1 should discuss multiplexing S-SSB and other sidelink channels (PSCCH/PSSCH/PSFCH) in time domain or frequency domain ( due to CP-OFDM). [10,Spreadtrum]
· Support configurable time-domain resources for SL-SS transmissions. FDM multiplexing of S-PSS and S-SSS with other signals should not be allowed inside the S-SSB. [11,TCL]
· Two sets of candidate synchronization resources with TDM in a synchronization resource period should be supported. [12,ZTE,Sanechips]
· The same synchronization resource configuration as LTE-V2X can be applied to NR-V2X. [13,OPPO]
· Both TDM and FDM for S-SSB transmissions from different source types can be considered. [5,Intel] [17,ITL]
· Reuse the condition of SLSS/PSBCH transmission in LTE V2X for S-SSB transmission in NR sidelink, which includes: Network configuration, or measured RSRP compared with (Pre-) configured threshold. [22,Sharp]
· S-SSB transmitting triggering scheme should be specified. [24,Xiaomi]
· Support to multiplex NR S-SSB and PSCCH/PSSCH/PSFCH within a slot in at least TDM manner. [25,NTT DOCOMO]
· Support configurable synchronization resource to change the periodicity of each S-SSB burst set and the number of S-SSBs within a S-SSB burst set. [25,NTT DOCOMO]

Synchronization enhancements
There were proposals on synchronization enhancement schemes [14,Apple] [15,Qualcomm] [18,Mitsubishi] [26,LG] [27,Ericsson] as follows,
· Synchronization group/source dynamic merging and consolidation. [14,Apple]
· Synchronous-SLSS only based synchronization enhancements (perform the SLSS search only on a restricted window) [15,Qualcomm]
· Support mechanisms allowing to merge synchronization clusters. [18,Mitsubishi]
· Support reporting information on the initial synchronization source (e.g., ID of the initial source, or ID of a group of eNB/gNBs synchronized together) when relaying the timing of another source through SLSS emission. [18,Mitsubishi]
· For active members of a unicast/multicast group, consider the unity of the communicating group as a criterion during the synchronization procedure. [18,Mitsubishi]
· Consider support of mechanisms for simplified re-synchronization procedure. [18,Mitsubishi]
· Multi-cluster synchronization signal searching / tracking. A location based resource pool selection method. A method of utilizing FR1 timing to FR2 can be considered [26,LG]
· Sidelink operation needs to be supported in asynchronous cell deployment. [26,LG]
· RAN1 should study the synchronization procedure to facilitate sidelink communication even in insufficient CP length. [26,LG]
· Partial SLSS searches are not allowed when the UE loses connection to a synchronization reference that is not the top synchronization reference. [27,Ericsson]
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