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Introduction
The following agreements and working assumptions were made about NR sidelink synchronization [1], [2], [3], [4].
	RAN1#94 Agreements:
Agreements:
· NR V2X Sidelink Synchronization includes at least the following
· Sidelink synchronization signal(s)
· PSBCH
· Sidelink synchronization sources and procedure(s)
· Study potential synchronization sources –GNSS, gNB, eNB, UE, LTE UE
· Note: this doesn’t mean all of them are to be supported



	RAN1#94bis Agreements:
Agreements:
At least GNSS, gNB, NR UE, and eNB are supported as the synchronization source for NR V2X.
eNB as a synchronization source for NR V2X UEs supporting LTE Uu/PC5 or Uu only (no change to the eNB behaviour) 
Whether a source is supported is for further NR V2X UE capability consideration
NR V2X sidelink operation includes the following cases:
NR V2X sidelink is synchronized with LTE V2X sidelink
NR V2X sidelink synchronization procedure operates independently to the LTE V2X sidelink synchronization procedure
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)
Periodic transmission of S-SSB in NR V2X is supported
FFS:  whether one/more S-SSB is transmitted in a period

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.



	RAN1#95 Agreements:
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.  
S-SSB has the same numerology, which includes SCS and CP length, as that of control and data channels for a given carrier 
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
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
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.
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
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



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




	RAN1 Ah-Hoc 1901 Agreements:
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

· The frequency location for S-SSB is (pre-) configured
· Note: it implies that there is no intended hypotheses detection in frequency location of S-SSB performed by the UE for a carrier in a given band
· Note: the potential frequency locations for the (pre-)configured frequency location may be restricted, up to RAN4
· Further discussion offline to identify several potential options for SL-SSB in terms of combinations of # of RBs and # of symbols for S-PSS/S-SSS, for additional more focused evaluations

· 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.  

· 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

· 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

· 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



In this contribution, we discuss some of the remaining open issues related to synchronization mechanism that includes the synchronization signals, synchronization bandwidth, PSBCH contents and synchronization procedures and give some proposals based on analysis.

Discussion on Synchronization Signals
At RAN1 Ah-hoc 1901, we spent a lot of time discussing the number of NR SL-SSID that resulted in no consensus.   There are two alternatives values 672 and 336 recommended for the number of NR V2X SSID. In LTE Rel-14/15, the SLSS ID ranges from {0, 1, ..., 335} and is divided into two sets:
· Set 1: SLSS ID = {0, 1, ..., 167}
· Set 2: SLSS ID = {168, 169, ...., 335}

Set 1 means that the transmitting UE is in-coverage or gets the synchronization directly from a UE in coverage. Set 2 means the UE is out-of-coverage. In general, the receiving UE knows from the detected SLSS ID whether or not the transmitting UE is at least in close connection to a cell. For NR V2X, the SL-SSID value of 672 is a recommended to take into account the NR V2X advanced use cases. Moreover, the question is, should the NR V2X SSID value be increased to 672 to handle the NR V2X advanced use cases. Furthermore, we can recall that in NR, the physical layer cell ID (PCI) was increased from 504 to 1008 to allow more unique physical layer cell identities. To follow the approach taken in NR, we propose that the SL-SSID be increased to 672 for NR V2X.   
Proposal 1: The number of NR V2X SSID to be supported in NR S-SSB design is 672.

Discussion on Synchronization Bandwidth
[bookmark: _Hlk967316]The S-SSB bandwidth was discussed at the previous meeting, where 3 alternatives were presented: alt1 (20RB), alt2 (24RB) and alt3 (12RB).  Table 1 shows the bandwidth based on numerology for FR1. 
Table 1: Bandwidth based on numerologies
	
Bandwidth
(MHz)
	15


	30


	60



	 Minimum bandwidth
	5
	10  
	15

	 Maximum
(NRB) 
	25
NOTE1
	24
NOTE 2 
	18
NOTE 3

	12 PRB
	2.16
	4.32
	8.64

	20 PRB
	3.6
	7.2
	14.4

	24 PRB
	 4.32
	8.64
	17.28

	NOTE 1: This is the maximum transmission bandwidth configuration, expressed in units of resource blocks (5MHz and 15kHz SCS).
NOTE 2: This is the maximum transmission bandwidth configuration, expressed in units of resource blocks (10MHz and 30kHz SCS).
NOTE 3: This is the maximum transmission bandwidth configuration, expressed in units of resource blocks (15MHz and 60kHz SCS).



As can be seen from Table 1, the maximum transmission bandwidth configuration for 15MHz and 60kHz SCS is 18 NRB, so we think 20 PRB is enough.
Proposal 2: The number of RBs for S-SSB supported is 20 PRBs.

Discussion on PBSCH Contents
For NR, a UE assumes that reception occasions of a physical broadcast channel (PBCH), PSS, and SSS are in consecutive symbols and form a SS/PBCH block. Both SS and PBCH detection is useful for assisting the UE in synchronizing with the gNB. PBCH carries basic system information for UEs, in which a UE decodes this information to access the cell. This information carried by PBCH in NR includes
· Timing information 
· TDD configuration information
· Downlink system bandwidth information
· System frame number
For NR V2X, the MIB information carried in the NR PSBCH should consider the NR PBCH content along with the LTE Rel-14/15 PSBCH content. If we consider first LTE Rel-14/15 PSBCH content, it is clear that the inCoverage indicator information is an important factor to take into account as it is used to indicate whether or not the UE transmitting the MIB for V2X sidelink is in eNB coverage. Now, if we take a look at the TDD configuration, it is provided both LTE Rel-14/15 and NR as a flexible TDD configuration, which is one of the overall characteristics of NR. So, we need to decide how to define NR V2X TDD configuration within the constricts of NR. One of the main differences is that NR TDD configuration contains a larger number of bits than LTE Rel-14/15 because the slot format is flexible (e.g., slot can be configured with UL, DL, and flexible symbols per slot).  Therefore, we need to decide on how to define TDD configuration for NR V2X. The simplest way is to base it on a cell-specific TDD UL/DL configurations which includes only UL symbols per slot. 
 Proposal 3: The PBCH content in NR V2X includes
· Timing information 
· TDD configuration information
· Downlink system bandwidth information
· [bookmark: _Hlk959457]System frame number
· inCoverage indicator
Proposal 4: A cell-specific TDD UL/DL configurations which includes only UL symbols per slot is supported.

Discussion on Synchronization Procedures
At RAN1#94bis meeting, it was agreed that at least GNSS, gNB, NR UE, and eNB are supported as the synchronization source for NR V2X. In NR V2X, the selection of sidelink synchronization requires a clear UE behavior for when the UE selects synchronization sources. So, the priority order of synchronization source needs be taken into consideration for the UE, especially for the case where the UE is able to select eNB and gNB as the synchronization sources when they are both detectable. 
Even though the NR V2X sidelink synchronization procedure will operate independently from the LTE V2X sidelink synchronization procedure, we can look into the synchronization procedure for LTE V2X. Looking at LTE V2X, we can see that a UE may transmit SLSS in two ways. The first way is when a UE transmit SLSS configured by the network (i.e., using with dedicated signalling) as shown in Figure 1 and the second way is when the SLSS transmission is triggered based on criteria as shown in Figure 2.  For example, SLSS transmission can be triggered by a measurement, where the RSRP measured at the UE is within a certain threshold value, in which the threshold value can be broadcasted by the network when in-coverage or it can be preconfigured when it is out-of-coverage. 
[image: ]SLSS is configured by the network

Figure 1: An example when SLSS is configured by the network

[image: ]SLSS transmission triggered via measurement

Figure 2: An example when SLSS transmission can be triggered via measurement

Proposal 5: NR V2X synchronization supports the method when the UE transmit SLSS configured by the network.
Proposal 6: NR V2X synchronization supports the method when the SLSS transmission is triggered based on a criterion, e.g., RSRP measurement that is within a certain threshold value.
Based on our analysis, for simplicity when eNB and gNB are both available as synchronization sources, they should have the same level of priority. In determining which synchronization source should be selected, we think that it could be left up to UE implementation or some type of priority criteria, e.g., RSRP measurement based on a certain threshold value. With that being said, we have a slight preference for determining the synchronization source when both eNB and gNB are selectable using some type of priority criteria.
Proposal 7: For NR V2X, synchronization sources eNB and gNB have the same level of priority.
Proposal 8: When both eNB and gNB synchronization sources are selectable, we should use some type of priority criteria to determine which one to select.

Conclusion
In this paper, we discussed some of the remaining open issues related to sidelink synchronization mechanism and the following proposals are given as following:
Proposal 1: The number of NR V2X SSID to be supported in NR S-SSB design is 672.
Proposal 2: The number of RBs for S-SSB supported is 20 PRBs.
Proposal 3: The PBCH content in NR V2X includes
· Timing information 
· TDD configuration information
· Downlink system bandwidth information
· System frame number
· inCoverage indicator
Proposal 4: A cell-specific TDD UL/DL configurations which includes only UL symbols per slot is supported.
Proposal 5: NR V2X synchronization supports the method when the UE transmit SLSS configured by the network.
Proposal 6: NR V2X synchronization supports the method when the SLSS transmission is triggered based on a criterion, e.g., RSRP measurement that is within a certain threshold value.
Proposal 7: For NR V2X, synchronization sources eNB and gNB have the same level of priority.
Proposal 8: When both eNB and gNB synchronization sources are selectable, we should use some type of priority criteria to determine which one to select.
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