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In RAN1#94bis, the following have been agreed [1]:
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
Agreements:
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
Working assumption:
· For the purpose of evaluation, the initial frequency error should be within ±[5] ppm with the assumption of uniform distribution [-5, 5] for NR V2X sidelink synchronization.
· Note: This is the error of the local oscillator for the Tx and Rx with respect to the absolute carrier frequency.
Agreements:
· The design of NR V2X sidelink synchronization signals and PSBCH uses NR SSB structure as the starting point with the following properties,
· NR V2X synchronization signals include sidelink PSS (S-PSS) and sidelink SSS (S-SSS) and are structured with PSBCH in a block format (S-SSB)
Agreements:
· Periodic transmission of S-SSB in NR V2X  is supported
· FFS:  whether one/more S-SSB is transmitted in a period

In this contribution, further considerations on V2X synchronization mechanisms based on the above agreements are presented. 

Discussion on NR-V2X synchronization mechanisms
Evaluation assumption for sidelink synchronization
The initial frequency offset has been discussed during the last meeting. A single value of ±[5] ppm was the working assumption. For sidelink, as for Rel-15 NR Uu, various levels of robustness requirements should be considered and studied. In NR Uu, robustness against initial frequency offset up to 5 ppm and 10 ppm have been used, with 5ppm as a baseline and 10 ppm is as an optional requirement for Rel-15 NR Uu. The simulation assumptions for synchronization signals/channel from Table A1.5-1 [3] are copied below. 
The Rel-15 NR Uu design for SS/PBCH can support the 10ppm level initial frequency offset for initial access. After the initial access, a stricter acquisition frequency offset is assumed. For sidelink, there is little justification to have a stricter requirement through better oscillator capability if we use the same bandwidth and sequence length as SS/PBCH for S-SSB design. Furthermore, it is expected that the NR-V2X on-board unit (OBU) would be used for more than ten years. The frequency offset will be larger than 10ppm when the NR-V2X OBU oscillator aging year by year (every year the oscillator will age more than 0.5ppm) is taken into consideration. Therefore, the design of S-SSB should have the capability to work under 10ppm initial frequency offset condition as well. 
It is thus proposed that both 5 and 10 ppm frequency offset should be supported. 
	Frequency Offset
	-	Initial acquisition
-	TRP: uniform distribution +/- 0.05 ppm
-	UE: uniform distribution +/- 5, 10, 20 ppm (each company to choose one)
-	Non-initial acquisition
-	TRP: uniform distribution +/- 0.05 ppm
-	UE: uniform distribution +/- 0.1 ppm



Proposal 1: For the purpose of evaluation, the initial frequency offset for initial acquisition is uniformly distributed +/- 5 ppm, ±10ppm, as defined in the table A1.5-1 of TR 38.802.

Sidelink Synchronization and PSBCH Block (S-SSB) structure
For LTE SLSS, there are two PSSS and two SSS and 3 DMRS symbols within the synchronization subframe, and the other symbols are used for AGC, GAP, and PSBCH. When UE transmits the SLSS/PSBCH subframe, no other signal or channels can be transmitted in this subframe. The periodicity of SLSS is 160 ms to control the overhead of the system. 
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Figure 1: LTE V2X SLSS/PSBCH structure
It was agreed in RAN1#94bis meeting that NR V2X sidelink synchronization signals uses NR-SSB-like block format (S-SSB) including sidelink PSS (S-PSS), sidelink SSS (S-SSS) and PSBCH as a starting point. In this section, the following design considerations on S-SSB are further discussed.

S-PSS and S-SSS sequence design 
For NR, the PSS and SSS sequences are designed to meet the requirements and scenarios described in TR 38.913. Specifically, the PSS is a single m-sequence while the SSS is a Gold sequence with length 127 and importantly, the supported number of PCI is also increased to 1008 which is twice the number supported in LTE. To minimize the spec work, reuse of the NR SS sequence design for NR V2X S-PSS and S-SSS should be the basis for further adaptation. 
Proposal 2: The NR SS sequence design for NR V2X S-PSS and S-SSS should be the basis for further adaption for SLSS, including the following aspects: 
The length of S-PSS and S-SSS is 127
One single m sequence is used for S-PSSS
A Gold sequence is used for S-SSS

S-SSB composition
NR SSB consists of 4 symbols with a PSS(12RB)-PBCH(20RB)-SSS(20RB)-PBCH(20RB) structure, where the third symbol including both SSS and PBCH. For S-SSB, the number of S-SSB symbols and whether one or more symbols for S-PSS, S-SSS and PSBCH should be evaluated and studied. Compared with NR PBCH content, PSBCH may carry less information bits resulting in possible reduced size compared to PBCH. Then the number of RBs of S-PSS/SSS/PSBCH can be further simplified, e.g. using a fixed 12 RBs , significantly reducing the size of the S-SSB compared to NR SS/PBCH block size.
Proposal 3: The following properties for S-SSB composition should be studied:
· The number of S-SSB symbols for  S-PSS, S-SSS and PSBCH
· The number of RBs for S-PSS, S-SSS and PSBCH, and whether same or different RBs are used for S-PSS, S-SSS and PSBCH
As periodic transmission of S-SSB in NR V2X is supported in last meeting. We should also consider S-SSB burst set similar to NR SSB burst set where multiple SSBs can be transmitted within 5ms, as shown in Fig 2. To enable a unified design with multiple beams based S-SSB transmission, the maximum number of S-SSB, Lmax, within S-SSB burst set can be set to be carrier frequency dependent. The number of Lmax can be further studied considering the UE capability and SL communication range, e.g. Lmax can be set to 4 for ITS band. To allow omni-directional transmission, the number of actual transmitted S-SSB within the S-SSB burst set can also be one. The periodicity of S-SSB burst set can configurable, e.g. 40/80/160ms.
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Figure 2: SSB structure for NR Rel-15
Proposal 4: NR supports multiple S-SSB transmitted within an S-SSB burst set. The maximum number of S-SSB, Lmax, within an S-SSB burst set may be carrier frequency dependent and needs to be studied for each frequency range. 

Subcarrier spacing of S-SSB
RAN1#94bis agrees that 
Agreements:
· NR sidelink supports the SCSs supported by Uu in a given frequency range, i.e., {15, 30, 60 kHz} in FR1 and {60, 120 kHz} in FR2.
· FFS the supported CP length
· Baseline is that a UE is not required to receive sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels
· Baseline is that a UE is not required to transmit sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels

For the numerology of SSB in NR Rel-15, 15 kHz and 30 kHz are used for FR1, 120 kHz and 240 kHz are used for FR2 respectively. For 30 kHz, there are case B and case C which would be used in different band according the definition of RAN4. For NR Rel-15 Uu link, the SS/PBCH numerology and data numerology is defined by RAN4 specific to each band since it is also related to the UE minimum bandwidth for the UE to access the network.
For sidelink, the considerations are different from NR Uu initial access. For sidelink, if the UE is in-coverage, the UE should first access the network. If the UE is out-of-coverage, the UE should first to find the pre-configured synchronization source e.g. GNSS in most scenarios. If the S-SSB numerology is different from data, there will be some switching time delay between the S-SSB and data reception. The same numerology between S-SSB and data would avoid any unnecessary switching time delays.  
Proposal 5: NR sidelink supports the same numerology for S-SSB and data/control channels.

Frequency raster of S-SSB
The frequency locations of S-SSB can be configured by network to avoid UE blind detecting S-SSB through the sync raster. For out-of-coverage UE, frequency raster can be used to place the S-SSB in frequency domain. To support the differentiation between SS/PBCH and S-SSB to avoid additional detecting complexity to NR Uu link UE or NR V2X UE in the licensed TDD band, the GSCN of S-SSB can be different as NR SSB GSCN. Another potential solution is to use different sequences for S-PSS and S-SSS for NR-V2X. vz

Synchronization Procedure
For LTE V2X, a UE may transmit SLSS when it is configured by the network with dedicated signaling (network-based) or when the UE is not configured by dedicated signaling (UE-based). For the UE-based case, the SLSS transmission can be triggered when the RSRP/S-RSRP measured at the UE is below a threshold, where the threshold is broadcasted by the network when in coverage or the threshold is preconfigured when out of coverage. The above flexibility for LTE SLSS transmission should be supported for NR-V2X as well: 
Proposal 6: NR-V2X synchronization supports: 
Network configured transmission of synchronization; and 
UE triggered transmission of synchronization with triggering condition FFS.

When both eNB and gNB are available as synchronization sources (i.e. UE can detect both of them), the same priority should be assumed. However the timing difference between eNB and gNB should be also considered. The RSRP/RSRQ threshold can be used for UE to choose a suitable synchronization source, as proposed above, although the different numerologies between Uu link and sidelink should be considered in order to derive the slot number in the sidelink. 
For out-of-coverage UE and if no GNSS is available, the UE will need to rely on received SLSS. In order to prioritize the received SLSS, the UE has to obtain information on the type of synchronization source of the UE transmitting the SLSS and/or the number of hops from its original synchronization source. Providing this type of information by the SLSS and/or PSBCH assists the receiving UE to immediately select and synchronize to the desired incoming signal sent by the highest priority UE. 
In order to determine the synchronization source of a transmitting UE as well as the number of hops from it, possible modifications of the S-SSB and PSBCH may be needed. It is also recommended that possible modification or extension of the S-SSB also enables a more robust sequence detection than for the Uu link.
Proposal 7: The following aspects should be considered further:
In-coverage UEs:
How to determine the synchronization source when both eNB and gNB can be detected.
How to determine DFN/subframe/slot number when considering different numerologies will be used in the sidelink.
How to treat the timing difference between eNB and gNB.
In-coverage and out-of-coverage UEs:
Indication of the synchronization source type and number of hops through the S-SSB and/or the PSBCH. 

Conclusion
In this contribution, we discussed the various aspects for the NR-V2X synchronization. The proposals  are listed in the following:
Proposal 1: For the purpose of evaluation, the initial frequency offset for initial acquisition is uniformly distributed +/- 5 ppm, ±10ppm, as defined in the table A1.5-1 of TR 38.802.
Proposal 2: The NR SS sequence design for NR V2X S-PSS and S-SSS should be the basis for further adaption for SLSS, including the following aspects: 
The length of S-PSS and S-SSS is 127
One single m sequence is used for S-PSSS
A Gold sequence is used for S-SSS
Proposal 3: The following properties for S-SSB composition should be studied:
· The number of S-SSB symbols for  S-PSS, S-SSS and PSBCH
· The number of RBs for S-PSS, S-SSS and PSBCH, and whether same or different RBs are used for S-PSS, S-SSS and PSBCH
Proposal 4: NR supports multiple S-SSB transmitted within an S-SSB burst set. The maximum number of S-SSB, Lmax, within an S-SSB burst set may be carrier frequency dependent and needs to be studied for each frequency range. 
Proposal 5: NR sidelink supports the same numerology for S-SSB and data/control channels.
Proposal 6: NR-V2X synchronization supports: 
Network configured transmission of synchronization; and 
UE triggered transmission of synchronization with triggering condition FFS.
Proposal 7: The following aspects should be considered further:
In-coverage UEs:
How to determine the synchronization source when both eNB and gNB can be detected.
How to determine DFN/subframe/slot number when considering different numerologies will be used in the sidelink.
How to treat the timing difference between eNB and gNB.
In-coverage and out-of-coverage UEs:
Indication of the synchronization source type and number of hops through the S-SSB and/or the PSBCH. 
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