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1. Introduction
In RAN1 #96 meeting, the following agreements were made:

	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. 
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Agreements:
1. NR V2X supports using a sidelink RS for synchronization purpose
0. Applicable only on unlicensed (ITS) carrier with no network deployment on this carrier
0. This RS is not a standalone RS and not part of SLSS.  
0. This RS will not appear in the synchronization procedure for the selection of sync sources.
0. RS used for the synchronization purpose would not impact any sidelink RS design
0. FFS:  Whether this RS is DM RS or other RS
0. FFS: Whether this could be achieved by UE implementation 
0. FFS: Specification impact 
 



And in RAN1 AH #1901 meeting, the following agreements were made:
	Agreements:
· 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

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:
· 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:
· 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 provide our views on several open issues related to S-SSB design and synchronization procedure based on the feature lead summary in RAN1#96 meeting. 
2. Sidelink Synchronization Signals
2.1. Design target for NR SLSS
In order to reduce the estimation ambiguity when SL-SS and NRUu-SS are time-domain multiplexed on the same carrier, SL synchronization signals and corresponding SSID should be differentiated from NR-Uu ones. Hence, low cross-correlation between them is needed. This can be achieved by means of different polynomials, cyclic shift, frequency locations.
Proposal 1 [bookmark: _Hlk5025597]: support different polynomials, cyclic shift, frequency locations for SL-SSID compared to NR-Uu SSID.

2.2. Number of NR SL-SSID
Although a large number of SL-SSID causes a high blind detection overhead, NR V2X should consider a high synchronization sources density in a region in order to satisfy a multitude of scenarios such as in coverage, out of coverage, partial coverage, direct and indirect synchronization. Moreover, some ID pools could be specified for special synchronization source types. 
Proposal 2 : NR V2X SLSSID number is 672.

2.3. NR SLSS Sequence Length
A SLSS sequence length of 127 offers a reduced detection complexity for the VUE in addition to limited standardization effort while there is no significant detection performance improvement for sequence of length 255. A better detection performance for 2 symbols of length-127 SLSS compared to LTE V2X SLSS has been shown in the simulation results provided by many companies. In addition, using 2 consecutive symbols for S-PSS, provides time diversity and 3dB performance gain compared to single symbol S-PSS which can be useful for one shot detection. 
Proposal 3 : Support 2 symbol NRSLSS PSS and SSS with a sequence length of 127.

2.4. Number of RBs for S-SSB
The PSBCH payload size and its decoding performance in terms of one-shot detection should be considered for the S-SSB bandwidth. The PSBCH payload maybe reduced compared to NR SSB since no beam-sweeping is targeted in NR V2X. Hence, NR-V2X should strive for a limited number of RBs for S-SSB. In order to reduce standardization effort, NR-SSB bandwidth (20 RBs) could be considered as a baseline. Smaller bandwidth could be examined if resource pools intended for synchronization are smaller than 20 RBs.
Proposal 4 : Support preferably combination 2 for S-SSB design, otherwise combination 1.

3. S-SSB Structure design
As stated in the [1], No beam management is supported for FR1 and FR2. However, it is preferable to (pre)-define multiple time-domain locations for SL-SLSS transmissions in a period in order to reduce interference between neighboring synchronization sources. Also, it could be beneficial to define multiple periodicities for SL-SS to adapt to different scenarios where a higher periodicity could be needed for quick synchronization and for time diveristy for PSBCH combining. Hence SL-SS ressources should be (pre)-configured by network. In order to reduce standardization effort, NR-SSB periodicity pattern can be considered for NR-V2X S-SSB. 
For a fixed PSD, FDM multiplexing of S-PSS and S-SSS with other signals can reduce their coverage which is problematic for coverage edge users.  
Proposal 5  : Support configurable time-domain ressources for SL-SS transmissions.
Proposal 6 : FDM multiplexing of SPSS and SSS with other signals should not be allowed inside the S-SSB.

4. SSB waveform
CP-OFDM is preferred for synchronization signals as it was chosen also for SL control and data channels [2]. Hence, using the same waveform help reduce the complexity overhead and avoid switching between 2 waveforms
Proposal 7 : CP-OFDM should be used for SL-SS.

5. PSBCH contents
In order to reduce the cumulative time / frequency drifts from original sync source, NR-V2X should limit the number of synchronization hops. The synchronization source type and the number of hops may be indicated in the S-SS signal, in the PSBCH payload. For two synchronization sources with equal priority level and received RSRP, a VUE should rather synchronize to the sync source with smaller number of hops.
Proposal 8 : The synchronization source type and the number of hops should be indicated in the PSBCH content.

6. Conclusion 
The following proposals have been made in this document.
Proposal 1: support different polynomials, cyclic shift, frequency locations for SL-SSID compared to NR-Uu SSID.
Proposal 2: NR V2X SL-SSID number is 672.
Proposal 3: Support 2 symbol for S-PSS and S-SSS with a sequence length of 127.
Proposal 4: Support preferably combination 2 for S-SSB design, otherwise combination 1.
Proposal 5: Support configurable time-domain ressources for SL-SS transmissions.
Proposal 6: FDM multiplexing of S-PSS and S-SSS with other signals should not be allowed inside the S-SSB.
Proposal 7:  CP-OFDM should be used for SL-SS.
Proposal 8: The synchronization source type and the number of hops should be indicated in the PSBCH content.
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