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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
· Design target for NR SLSS
· NR SLSS sequence length
· Number of NR SL-SSID supported by the designed SLSS 
· The designed SLSS to distinguish from NR SS sequences in Uu interface
· Waveform for S-SSB
· Synchronization numerology
· SCS of S-SSB for a given band
· Bandwidth for the designed S-SSB
· Number of RBs for S-SSB
· S-SSB structure
· Consideration of the S-SSB structure design
· 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
· Contents in the PSBCH
· Payload size of PSBCH
· Synchronization procedures: Priority and selection of the synchronization sources
· 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 Ad-Hoc Meeting 1901, the aspects for the design and evaluation of NR V2X Sidelink synchronization [1] were agreed as follows,
 (
Agreements:
For NR SLSS, as the baseline:
The sequence type for S-PSS is the same type as the M-sequence used for NR-PSS
The sequence type for S-SSS is the same type as the Gold sequence for NR-SSS
Agreements:
T
he frequency location for S-SSB is (pre-) configured
Note: it implies that there is no intended hypotheses detection in frequency location of S-SSB performed by the UE for a carrier in a given band
Note: the potential frequency locations for the (pre-)configured frequency location may be restricted, up to RAN4
Agreements
:
Design Target for NR S-PSS/S-SSS:
At least for 15 kHz SCS NR S-PSS/S-SSS, same or better coverage to that of LTE under the same Tx/Rx configuration
Coverage:  measured in terms of coupling loss 
MCL = 
P_Tx
 – (NF + 
N_floor
 + SINR)
N_floor
 = -174 +10 log (BW)
P_Tx
 = 23 dBm
NF = 9 dB 
SINR = -6 dB for LTE as the reference
Companies to report detailed assumptions e.g. the detection method
 
/
 
probability
 
/
 
etc. for the target SINR
Agreements:
For the evaluation at next meeting, sequence length of S-PSS/S-SSS for all evaluated SCS is assumed the same as that of S-PSS/S-SSS with 15 kHz SCS    
Other sequence lengths are not precluded
)
 (
Agreements:
Combination 1:  
Time domain: 2 symbol of length-127 S-PSS, 2 symbol of length-127 S-SSS 
Frequency domain:11 or 12 RBs
BW containing S-SSB: 
2.5 MHz for 15 kHz SCS
5 MHz for 30 kHz SCS
10 MHz for 60 kHz SCS
20 MHz for 120 kHz SCS
Combination 2:  
Time domain: 2 symbol of length-127 S-PSS, 2 symbol of  length-127 S-SSS 
Frequency domain:  20 RBs
BW containing S-SSB: 
5 MHz for 15 kHz SCS
10 MHz for 30 kHz SCS
20 MHz for 60 kHz SCS
40 MHz for 120 kHz SCS
Combination 3:  
Time domain: 1 symbol of length-127 S-PSS, 1 symbol of  length-127 S-SSS 
Frequency domain:  20 RBs
BW containing S-SSB: 
5 MHz for 15 kHz SCS
10 MHz for 30 kHz SCS
20 MHz for 60 kHz SCS
40 MHz for 120 kHz SCS
Combination 4:  
Time domain: 1 symbol of length-255 S-PSS, 1 symbol of  length-255 S-SSS 
Frequency domain:  24 RBs
BW containing S-SSB: 
5 MHz for 15 kHz SCS
10 MHz for 30 kHz SCS
20 MHz for 60 kHz SCS
40 MHz for 120 kHz SCS
Other combinations are not precluded.
Note:  Company should specify the assumptions, such as total energy per SSB, when the performance results are compared between different combinations.  
Agreements
:
At least for single-carrier operation:
For the SL synchronization procedure, 
each
 type of synchronization 
reference has a respective 
sync 
priority
 
FFS the priority between eNB and gNB
 (if necessary)
For the SL synchronization procedure, among the 
available
 references, a UE selects the synchronization 
reference
 with the highest priority as the reference 
to derive its transmission timing
FFS other potential usage
FFS how to handle the case when there are two or more references of a same priority to be selected as the highest priority
)
Based on these agreements, companies continued discussion on sidelink synchronization mechanism in [2]-[27].
Sidelink Synchronization Signals
Design target for NR SLSS
In RAN1 Ad-Hoc Meeting 1901 [1], it had been agreed that the sequence types for S-PSS and S-SSS are respectively the same type as the M sequence for NR-PSS and Gold sequence for NR-SSS. And according to the agreements, at least for 15 kHz SCS NR S-PSS/S-SSS, same or better coverage to that of LTE under the same Tx/Rx configuration should be guaranteed. 5 companies provide the comparison of detection performance between LTE V2X SLSS and NR V2X SLSS in [2,Huawei, HiSilicon] [4,MediaTek] [6,LG] [7,CATT] [9,Samsung]. One company [6,LG] proposed that the impact of the MPR on the MCL for the joint detection case needs to be further studied.
	Candidate schemes
	SLID Detection probability @LTE V2X -6dB SNR 

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

	[2,Huawei, HiSilicon]
	89%*
	88%*
	81%*

	[4,MediaTek]
	55%*
	57%*
	N/A

	[6,LG]
	57%*
	 64%*
	N/A

	[7,CATT]
	28%*
	N/A
	26%*

	[9,Samsung]
	96.9%
	97.3%
	N/A

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


In RAN1 AH#1901, the design target of NR S-PSS/S-SSS was agreed as follows,
Agreements in RAN1 AH#1901:
· Design Target for NR S-PSS/S-SSS:
· At least for 15 kHz SCS NR S-PSS/S-SSS, same or better coverage to that of LTE under the same Tx/Rx configuration
· Coverage:  measured in terms of coupling loss 
· MCL = P_Tx – (NF + N_floor + SINR)
· N_floor = -174 +10 log (BW)
· P_Tx = 23 dBm
· NF = 9 dB 
· SINR = -6 dB for LTE as the reference
Companies to report detailed assumptions e.g. the detection method / probability / etc. for the target SINR
The detection performance at -6dB from companies had been summarized in the aforementioned table.   The detection performance of the proposed NR S-PSS/S-SSS sequences had shown the comparable detection performance to that of LTE.  


Proposal 1: The detection performance of the proposed SLSS sequences is comparable to detection performance sidelink synchronization sequences  in LTE.  
· One company has concerns on the current evaluation results that no consideration of the power back off caused by PAPR in the NR Uu M-sequence. 

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] [7,CATT] [9,Samsung] [15,InterDigital] [16,HEPTA 7291] [21,NTT DOCOMO] [23,ITL] [25,Qualcomm]. Two alternatives (336 or 168) for number of SSSS/S-SSS sequences is proposed in [13,Intel]. And [21,NTT DOCOMO] proposed that the number of SL-SSID will be decided in WI phase. [25,Qualcomm] proposed that RAN1 specifies new sequences for S-PSS and S-PSS has one hypothesis.
	Number of NR SL-SSID
	Supporting Companies

	672
	[2,Huawei, HiSilicon] [3,vivo] [7,CATT] [9,Samsung] [15,InterDigital] [16,HEPTA 7291] 

	336
	[25,Qualcomm]



Proposal 2: The number of NR V2X SSID to be supported in NR S-SSB design is 672 as the working assumption.   
· The working assumption could be re-visited if some issues, such as complexity, miss-detection performance at the SINR equivalent to LTE = -6 dB, functionality of SSID, are found.


NR 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] [6,LG] [9,Samsung] [13,Intel] [25 Qualcomm] [26,Convida Wireless] [27,Ericsson] proposed the length-127 M sequence for S-PSS and S-SSS.  One company [7,CATT] proposed the length-255 M sequence for S-PSS and S-SSS. The evaluation results of SLSS sequence were provided by 7 companies [2,Huawei, HiSilicon] [3,vivo] [4,MediaTek] [6,LG] [7,CATT] [9,Samsung] [25 Qualcomm] 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
	[2,Huawei, HiSilicon], [4,MediaTek] [6,LG],[9,Samsung],[25 Qualcomm]
	[3,vivo]
	[7,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
	[2,Huawei, HiSilicon]: 88%
[3,vivo]:95.11 96%
[4,MediaTek]: 80%
 [6,LG]: 81%
[9,Samsung]: 97.3%
[25 Qualcomm]: 97.6%
	[2,Huawei, HiSilicon]: 81%
[3,vivo]: 90.894%
[7,CATT]: 57%
[25 Qualcomm]: 93%
	[7,CATT]: 83%

	Key simulation assumptions
	[2,Huawei, HiSilicon]: CDL-C, 6GHz, 15KHz SCS, 6Kmph, IFO(Initial Frequency Offset) = ±5ppm
[3,vivo]: CDL V2X urban LOS, 6GHz, 1530KHz SCS, 6Kmph, IFO = ±5ppm
[4,MediaTek]: EPA5, 6GHz, 15KHz SCS, 5Kmph, IFO unknown
[6,LG]: V2X CDL Urban-NLOS, 6GHz, 15KHz SCS, 3Kmph, IFO unknown
[7,CATT]: V2X CDL Urban-LOS, 6GHz, 30KHz SCS, 6Kmph, IFO = ±5ppm
[9,Samsung]: CDL-C, 6GHz, 15KHz SCS, 6Kmph, IFO = ±5ppm
[25 Qualcomm]: V2X CDL Urban-NLOS, 6GHz, 30KHz SCS, 3Kmph, IFO = ±5ppm



[7,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 3: The SLSS sequence length includes the following two alternatives
· 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

Number of RBs for S-SSB
The proposed number of RBs for S-SSB were 11, 20 and 24 in [2,Huawei, HiSilicon] [3,vivo] [7,CATT] [6,LG] [12,ETRI] [13,Intel] [16,HEPTA 7291] [24,KT] [25,Qualcomm] [26,Convida Wireless] [27,Ericsson].  And [14,Nokia, NSB] proposed that the bandwidth of S-SSB should be restricted. [12,ETRI] proposed NR V2X should study sidelink SSB structure which enables SSB detection with partial bandwidth processing. [24,KT] proposed that the transmission delay aspects by occupied SSB resource is considered to decide the length of contiguous OFDM symbol for the NR S-SSBs when the BW containing S-SSB is 20RB or larger. The performance results of SLSS sequence are provided by [2,Huawei, HiSilicon] [3,vivo] [6,LG] [7,CATT] [25 Qualcomm] 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
	[2,Huawei, HiSilicon]
[25 Qualcomm]
	[6,LG]
	[3,vivo]
	[7,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 waveform-independent 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
	[2,Huawei, HiSilicon]: 12%
	 [3,vivo]: 53.610.5%
 [6,LG]: 17%
[25 Qualcomm]: 1.5%
	[3,vivo]: 15.783%
[7,CATT]: 0.5% 
[25 Qualcomm]: 2.5%
	[6,LG]: 18% 
[7,CATT]: 0.1%

	Key simulation assumptions
	[2,Huawei, HiSilicon]: CDL-C, 6GHz, 15KHz SCS, 6Kmph, 56bits payload size
[3,vivo]: CDL V2X urban LOS, 6GHz, 1530KHz SCS, 6Kmph, 56bits payload sizeunknown payload size
[6,LG]: V2X CDL Urban-NLOS, 6GHz, 30KHz SCS, 3Kmph, 40bits payload size
[7,CATT]: V2X CDL Urban-LOS, 6GHz, 30KHz SCS, 6Kmph, 56bits payload size, @-8dB SNR
[25 Qualcomm]: V2X CDL Urban-NLOS, 6GHz, 30KHz SCS, 3Kmph, 72bits payload size



Proposal 4: 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


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 in [2,Huawei, HiSilicon] [7,CATT] [14,Nokia,NSB] [15,InterDigital] [17,NEC] [23,ITL] [26,Convida Wireless].

S-SSB Structure
Consideration of the S-SSB structure design
Many companies had proposals in the S-SSB structure design [3,vivo] [4,MediaTek] [6,LG] [7,CATT] [9,Samsung] [11,ITRI] [13,Intel] [14,Nokia,NSB] [15,InterDigital] [17,NEC] [22,Sequans] [23,ITL]. In [22,Sequans] [15,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] [9,Samsung] [15,InterDigital], 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] [6,LG] [12,ETRI] [22,Sequans]. 

[bookmark: _GoBack]Proposal 5: A common S-SSB structure is designed for both FR1 and FR2


Number of S-SSB per slot/period
The proposals of supporting more than one S-SSB per slot/period were as follows
· Supported multiple S-SSB transmission in one period. [2,Huawei, HiSilicon] [7,CATT] [12,ETRI] [17,NEC] [8,ZTE,Sanechips] [21,NTT DOCOMO] [23,ITL]
· At least two S-SSBs per Slot for beam sweeping of 64 S-SSBs. [7,CATT]
· One S-SSB is transmitted within a period. [10,OPPO]. 
· Multiple SL-SSBs are transmitted in a period at least FR2. [12,ETRI]

Proposal 6: More than one S-SSB within S-SSB  period is supported. 
· Using NR Uu design target of the support of up to 64 S-SSBs in [5ms] for 128 kHz SCS as the target for the number of S-SSBs


Synchronization numerology
Many Companies supported a default SCS and CP length for S-SSB for a given band/carrier [7,CATT] [10,OPPO] [19,Spreadtrum].
Proposal 7: S-SSB used the SCS in the (pre)-configured BWP for a given carrier. 


Number of S-PSS/S-SSS symbols in a S-SSB and S-SSB pattern
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] [7,CATT] [10,OPPO] [27,Ericsson], 
· 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. [7,CATT]
· Alt2: Multi-symbol SLSS with S-PSS and/or S-SSS occupy at least two symbols - [2,Huawei, HiSilicon] [4,MediaTek] [6,LG] [9,Samsung] [14,Nokia, NSB] [25,Qualcomm].
· 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] [6,LG] [9,Samsung] [25,Qualcomm].

The performance evaluation results of the designed SLSS from [2,Huawei, HiSilicon] [3,vivo] [4,MediaTek] [6,LG] [7,CATT] [9,Samsung] [25 Qualcomm] are shown in the table below,
	Candidate schemes
	Single-symbol SLSS
	Multi-symbols SLSS

	Supporting companies
	 [3,vivo] [7,CATT]
	[2,Huawei, HiSilicon] [6,LG] [9,Samsung] [25,Qualcomm]

	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
	[2,Huawei, HiSilicon]: 81%
[3,vivo]: 940.8%
[7,CATT]: 83%
[25 Qualcomm]: 93%
	[2,Huawei, HiSilicon]: 88%
[3,vivo]: 965.11%
[4,MediaTek]: 80%
 [6,LG]: 81%
[9,Samsung]: 97.3%
[25 Qualcomm]: 97.6%

	Key simulation assumptions
	[2,Huawei, HiSilicon]: CDL-C, 6GHz, 15KHz SCS, 3Kmph, IFO(Initial Frequency Offset) = ±5ppm
[3,vivo]: CDL V2X urban LOS, 6GHz, 1530KHz SCS, 6Kmph, IFO = ±5ppm
[4,MediaTek]: EPA5, 6GHz, 15KHz SCS, 5Kmph, IFO unknown
[6,LG]: V2X CDL Urban-NLOS, 6GHz, 15KHz SCS, 3Kmph, IFO unknown 
[7,CATT]: V2X CDL Urban-LOS, 6GHz, 30KHz SCS, 6Kmph, IFO = ±5ppm
[9,Samsung]: CDL-C, 6GHz, 15KHz SCS, 6Kmph, IFO = ±5ppm
[25 Qualcomm]: V2X CDL Urban-NLOS, 6GHz, 30KHz SCS, 3Kmph, IFO = ±5ppm



S-SSB patterns were proposed by [2,Huawei, HiSilicon] [3,vivo] [4,MediaTek] [10,OPPO] [6,LG] [7,CATT] [8,ZTE,Sanechips] [14,Nokia,NSB] [25 Qualcomm] [26,Convida Wireless] [27,Ericsson].   
The simulation results of the design S-SSB pattern from [2,Huawei, HiSilicon] [3,vivo] [4,MediaTek] [6,LG] [7,CATT] [25 Qualcomm] are  shown in the table below,
	Supporting Companies
	S-SSB patterns
	Index of Combination
	Sequence length of SLSS
	Bandwidth of PSBCH
	Detection Probability of SLSS@-6dB SNR
	BLER of PSBCH@-6dB SNR

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

	[3,vivo]
	[image: ][image: ]
	Combination 3
	127
	20RB
	940.8%
	15.783%

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

	[6,LG]
	[image: ]
[image: ]
	Combination 2
	127
	20RB
	81%
	17%

	[7,CATT]
	
[image: ] [image: ]
	Combination 4
	255
	24RB
	83%
	0.1%

	[25 Qualcomm]
	 [image: ]
	Combination 1
	127
	12RB
	97.6%
	1.5%

	Key simulation assumptions for SLSS
	[2,Huawei, HiSilicon]: CDL-C, 6GHz, 15KHz SCS, 3Kmph, IFO(Initial Frequency Offset) = ±5ppm
[3,vivo]: CDL V2X urban LOS, 6GHz, 3015KHz SCS, 6Kmph, IFO = ±5ppm
[4,MediaTek]: EPA5, 6GHz, 15KHz SCS, 5Kmph, IFO unknown
[6,LG]: V2X CDL Urban-NLOS, 6GHz, 15KHz SCS, 3Kmph, IFO unknown 
[7,CATT]: V2X CDL Urban-LOS, 6GHz, 30KHz SCS, 6Kmph, IFO = ±5ppm
[25 Qualcomm]: V2X CDL Urban-NLOS, 6GHz, 30KHz SCS, 3Kmph, IFO = ±5ppm

	Key simulation assumptions for PSBCH
	[2,Huawei, HiSilicon]: CDL-C, 6GHz, 15KHz SCS, 6Kmph, 56bits payload size
[3,vivo]: CDL V2X urban LOS, 6GHz, 3015KHz SCS, 6Kmph, 56bits payload sizepayload size unknown
[6,LG]: V2X CDL Urban-NLOS, 6GHz, 30KHz SCS, 3Kmph, 40bits payload size
[7,CATT]: V2X CDL Urban-LOS, 6GHz, 30KHz SCS, 6Kmph, 56bits payload size, @-8dB SNR
[25 Qualcomm]: V2X CDL Urban-NLOS, 6GHz, 30KHz SCS, 3Kmph, 72bits payload size



Proposal 8: From evaluation results of 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 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



RS and GP Design for S-SSB
Mayn companies proposed that AGC and TX/RX switching periods should be taken into account for the design of S-SSB [3,vivo] [6,LG]  [7,CATT] [13,Intel] [25,Qualcomm] with the options list below:
	Options
	AGC solutions
	Supporting company

	Option 1
	Using the PSBCH before S-PSS to do AGC tuning
	[3,vivo] [6,LG] [25,Qualcomm]

	Option 2
	The first symbol of the S-SSB mapped to dummy signal
	[6,LG]

	Option 3
	One symbol of AGC training sequence should be added in front of each S-SSB
	[7,CATT]



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: The first symbol of the S-SSB mapped to dummy signal
· Option 2: One symbol of AGC training sequence is added in front of each S-SSB.

The support of multiple beam operation
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. [3,vivo] [7,CATT] [12,ETRI] [18,Xiaomi]
· Beam sweeping and beam identification of S-SSB is not considered at least in FR1. [6,LG]

Proposal 11: S-SSB beamforming is supported for the coverage extension.  The design of S-SSB structure and resource mapping should support S-SSB beamforming and beam sweeping

Periodicity of S-SSB transmission
It was proposed that more than one S-SSB periodicity should be supported and with the periodicity configured by the network [2,Huawei, HiSilicon] [3,vivo] [18,Xiaomi] [21,NTT DOCOMO].  The details should the S-SSB periodicity should be further study

Waveform for S-SSB
Two candidates of S-SSB waveform are the DFT-s-OFDM and CP-OFDM.  One companies indicated their only support of CP-OFDM waveform for the S-SSB in [3, vivo].  Two companies proposed DFT-s-OFDM waveform for the S-SSB in [7,CATT] [8,ZTE,Sanechips]. 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]
	[7,CATT] [8,ZTE,Sanechips]

	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
	[7,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.



Proposal 12: Both DFT-s-OFDM and CP-OFDM should be considered in the design of S-SSB structure.  

PSBCH contents
Contents in the PSBCH
PSBCH contents were discussed in [4,MediaTek] [7,CATT] [8,ZTE,Sanechips] [10,OPPO] [11,ITRI] [16,HEPTA 7291] [19,Spreadtrum] [21,NTT DOCOMO] as follows,
· TDD UL/DL configuration or SFI information should be included in PSBCH with reasonable overhead. [7,CATT] [10,OPPO] [16,HEPTA 7291] [21,NTT DOCOMO]
· TDD UL/DL configuration can be carried by SL-SIB or PC5-RRC channel, instead of PSBCH, due to the limited PSBCH payload. [19,Spreadtrum] [8,ZTE,Sanechips]
· PSBCH carries the information to derive frame timing, such as slot number information, SFN/DFN, and direct synchronization indicator. [4,MediaTek] [8,ZTE,Sanechips]
· PSBCH indicate the location and bandwidth of the initial SL BWP. [4,MediaTek] [19,Spreadtrum]
· InCoverage indicator can be carried in PSBCH-DMRS rather than PSBCH payload to avoid unnecessary decoding for priority group identification. [4,MediaTek] [19,Spreadtrum]

Proposal 13: PSBCH for NR V2X should include as least the SFI.  The following parameters are 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] [7,CATT] [9,Samsung] with the list of summary in the following,
	Supporting Companies
	The payload size of PSBCH
		Rationale

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

	[9,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] [7,CATT] [8,ZTE,Sanechips] [10,OPPO] [13,Intel] [16,HEPTA 7291] [27,Ericsson].  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) [7,CATT] [8,ZTE,Sanechips] [11,ITRI] [13,Intel] [16,HEPTA 7291] [18,Xiaomi] [27,Ericsson]. There are proposals to have RSU and UE-in-platoon as a new type of synchronization sources [13,Intel] [15,InterDigital] [22,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
	[7,CATT] [10,OPPO] [18,Xiaomi] [14,Nokia,NSB]
	· 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,Samsung] [13,Intel] [21,NTT DOCOMO] [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 [6,LG] [14,Nokia,NSB], 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] [6,LG] [10,OPPO] [11,ITRI] [17,NEC] [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] [13,Intel] [21,NTT DOCOMO]
· Indication of the synchronization source type or number of hops through the S-SSB and/or PSBCH. [2,Huawei, HiSilicon] [21,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] [8,ZTE,Sanechips] [10,OPPO] [13,Intel] [16,HEPTA 7291] [23,ITL] [26,Convida Wireless] [27,Ericsson]. 
· S-SSB transmission can be network configured or UE triggered. [2,Huawei, HiSilicon] [13,Intel] [16,HEPTA 7291] [27,Ericsson]
· Both TDM and FDM for S-SSB transmissions from different source types can be considered. [8,ZTE,Sanechips] [13,Intel] [23,ITL]
· The same synchronization resource configuration as LTE-V2X can be applied to NR-V2X. [10,OPPO]

Synchronization enhancements
There were proposals on synchronization enhancement schemes [5,AT&T] [6,LG] [13,Intel] [20,Apple] [25,Qualcomm] [27,Ericsson].
The non-SLSS based synchronization was proposed in [6,LG] [13,Intel] [25,Qualcomm]. The motivation is to consider the case when the UE has lost synchronization but has not drifted significantly from the previous sync source reference. In this case, UE can perform synchronized search based on other reference UE’s DMRS and GNSS coverage status information. [6,LG] [13,Intel] [25,Qualcomm] [27,Ericsson] discussed the non-SLSS based synchronization as follows,
	Options
	Supporting Companies
		Rationale

	Option 1:
Supporting Non-SLSS based synchronization operation or Data-aided synchronization
	[6,LG] [13,Intel] [25,Qualcomm]
	· Reduce the complexity of synchronization.
· Simplify the sidelink synchronization procedure.
· Being supplement to SLSS-based synchronization.

	Option 2: 
Do not supporting Data aided synchronization (i.e. non-SLSS) 
	[27,Ericsson]
	· S-SSB is dedicated signaling for this purpose.
· It identifies the synchronization reference used by the transmitter.
· It comes at regular intervals.



Other proposed synchronization enhancement schemes includes:
· Local manager (scheduling UE) to broadcast a special SSB to identify itself to neighbour UEs.[5,AT&T]
· Multi-cluster synchronization signal searching / tracking. A location based resource pool selection method. A method of utilizing FR1 timing to FR2 can be considered [6,LG]
· Sidelink operation needs to be supported in asynchronous cell deployment. [6,LG]
· Synchronization group/source dynamic merging and consolidation. [20,Apple]
· Synchronous-SLSS only based synchronization enhancements (perform the SLSS search only on a restricted window) [25,Qualcomm]
· UEs with multiple clocks to enable communication among UEs synchronized to different references with equal priority. [27,Ericsson]
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