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In RAN1#94, the following have been agreed [1]:
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
Agreements:
· NR Uu can assign NR sidelink resources for the following:
· Shared licensed carrier between Uu and NR sidelink
· Dedicated NR sidelink carrier

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

Discussion on NR-V2X synchronization mechanisms
NR SL PSSS and SSSS
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 but with length 127 and importantly, the supported number of PCI is also increased to 1008 which is twice the number supported in LTE. 
To support both FR1 and FR2 of larger bandwidth, larger PSS/SSS bandwidth and sequence length provide the necessary good correlation performance and high capabilities to resist large frequency errors [2]-[7].
For LTE synchronization, the PSS and the SSS are separately deployed within one slot (14 OFDM symbols) optimal for non-beam based transmission in LTE. In NR-V2X, to fulfill the high reliability and throughput requirements, beam-based transmission and reception would provide strong benefits for NR-V2X. To adapt to this structure means that a PSSS/SSSS pair plus the PSBCH should be sent in the same beam to ensure the entire system information is delivered with similar performance. It is crucial that beam-based transmissions and receptions are supported and optimized for NR V2X. Design choices that impact the ability to efficiently apply beam forming techniques are critical. For example, a beam that consists of many symbols’ duration for one PSSS/SSSS pair means that to enable beam sweeping of large numbers of beams, the synchronization latency incurred to sweep the beams would be unacceptably large.
Proposal 1: The Rel-15 NR SSB/PBCH design is agreed as the baseline for further evaluation and adaptation for the NR SLSS.
NR SLSS 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 200ms to control the overhead of the system. 
[image: ]
Figure 1: LTE V2X SLSS/PSBCH structure

NR Rel-15 has a block based SSB hat are optimized for FR1 and FR2. Similar requirements apply as well for NR sidelink although some adaptations would be required and perhaps necessary for sidelink such as the SSB periodicity, location etc. Figure 2 shows the SSB structure for NR. 
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Figure 2: SSB structure for NR Rel-15
For FR1, if we configured the SSB periodicity to 100 ms, and one SSB within per SSB burst, then the same overhead as the LTE SLSS/PSBCH is configured. Alternatively, if we configure the SSB periodicity to 200 ms, and two SSBs are configured within the SSB burst, we also have the same overhead as LTE. 
The NR SSB/PBCH structure thus possesses the needed flexibility for providing the reliability for NR SLSS by adaptation of its number of actual transmitted SSB numbers and its periodicities.  
For FR2, NR Uu link supports up to frequency of 52.6 GHz, which is similar with frequency range of NR-V2X. Hence, multiple sidelink beams will be needed in sidelink for FR2 for beamforming transmissions and receptions. In NR Rel-15 Uu link, at most 4, 8, 64 SS Blocks can be used for below 3GHz, 3GHz to 6GHz and above 6GHz respectively. This configurable number of supported beams thus has the flexibility to be applicable for the sidelink synchronization signal. Similarly, the actually transmitted SSBs within the maximum supported SSB can be configured. 
Proposal 2: NR SLSS consists at least of the following:
· NR V2X equivalent of NR PSS and SSS i.e. PSSS and SSSS
· NR V2X equivalent of NR PBCH i.e. PSBCH 
· NR SLSS SS Blocks (SSB) consists of at least: PSBCH, PSSS and SSSS
· Multiple SSBs with the same or different beam in an SSB burst.
· Adopt the NR SSB properties such as configurable actually transmitted SSBs with an SSB burst and the SSB bursts periodicities. 

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. And for 30 kHz there are case B and case C which would be used in different band according the definition of RAN4. For the numerology of NR-V2X SLSS and PSBCH, 60 kHz also can be considered for FR1. Further discussion and analysis of this can be found in [8]. 

Synchronization Sources 
In the last meeting, potential synchronization sources have been listed for further study. Since there are requirement on LTE Uu and NR Uu in controlling sidelink, the gNB and/or eNB as synchronization sources would be needed. If GNSS is available, it should be a natural synchronization source as well for NR-V2X since it can provide a universal timing which is very useful both for out-of-coverage and asynchronous network scenarios. When a UE synchronizes to GNSS, eNB or gNB directly or indirectly, it would also become another beneficial synchronization source for partial and out-of-coverage scenarios. 
With these three possible synchronization sources, let’s consider the case of a co-deployment scenario where both NR-V2X UE and LTE-V2X UE are available in the same proximity. The NR-V2X UE can choose either NR-V2X UE or LTE-V2X UE as a synchronization source if both the network and GNSS are unavailable. For NR-V2X UE, the best choice is to select the SLSS from the NR-V2X UE. 
Furthermore, in such a deployment, LTE-V2X and NR-V2X would be deployed in separate bands. Further analysis of coexistence of LTE-V2X and NR-V2X can be found in [9]. Without co-deployment, then it should not be necessary for NR-V2X UEs to detect the SLSS from the LTE-V2X.
Lastly, the UE complexities should not be ignored. Unless there is a valid use case, the UE should not be mandated to support LTE-V2X UE as a sync source.
Proposal 3: The following sync sources are supported for NR-V2X: GNSS, gNB, eNB and NR UE (that are synchronized to GNSS, gNB or eNB).

The support of multiple synchronization sources above also requires clear UE behavior when the UE can both detect the eNB and gNB. The simplest solution is to reuse the LTE design: the network indicates which synchronization source should be used. Furthermore, if the available or assigned synchronization source becomes worse, the UE behavior should be clarified and defined such as based on UE implementation based on the detected RSRP/RSRQ. Similarly, for out-coverage of NR UE, it may be detecting the NR SLSS from NR UEs that have synchronized to either the eNB or gNB. 
Observation 1: The following FFS aspects are identified:
· The selection and signaling when multiple synchronization sources are available.
· For OOC UEs with multiple detection synchronization sources and their respective priority

Conclusion
In this contribution, we discussed the aspects for the NR-V2X synchronization mechanisms. The conclusions are following:
Observation 1: The following FFS aspects are identified:
· The selection and signaling when multiple synchronization sources are available.
· For OOC UEs with multiple detection synchronization sources and their respective priority.

Proposal 1: The Rel-15 NR SSB/PBCH design is agreed as the baseline for further evaluation and adaptation for the NR SLSS.
Proposal 2: NR SLSS consists at least of the following:
· NR V2X equivalent of NR PSS and SSS i.e. PSSS and SSSS
· NR V2X equivalent of NR PBCH i.e. PSBCH 
· NR SLSS SS Blocks (SSB) consists of at least: PSBCH, PSSS and SSSS
· Multiple SSBs with the same or different beam in an SSB burst.
· Adopt the NR SSB properties such as configurable actually transmitted SSBs with an SSB burst and the SSB bursts periodicities. 

Proposal 3: The following sync sources are supported for NR-V2X: GNSS, gNB, eNB and NR UE (that are synchronized to GNSS, gNB or eNB).
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