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Introduction
The following were agreed in RAN1#95 on synchronization design for NR V2X [1]:
	Agreement:
	S-SSB has the same numerology, which includes SCS and CP length, as that of control and data channels for a given carrier 
Agreements:
	The transmission bandwidth for S-SSB is within the BW of the (pre)-configured SL-BWP.  
o	FFS:  The actual transmission BW for S-SSB and sync raster
Agreements:
	The aspects of synchronization sequence for NR V2X to be considered for the evaluation include,
o	The length of S-PSS and S-SSS sequences
o	If and how to distinguish from NR Uu PSS and SSS sequences
o	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


In this contribution, we provide our views on the design of synchronization mechanism for NR V2X.
Discussion
SL synchronization signals
The design of S-PSS/S-SSS can be based on M-sequences as used in PSS/SSS in NR Rel-15, and unless justified by system level simulations that a length-127 is insufficient for some NR V2X scenarios, it is proposed to reuse the length of 127 as in NR Rel-15.
Proposal 1: The sequence design of S-PSS/S-SSS is based on PSS/SSS in NR Rel-15.
Furthermore, the S-PSS/S-SSS should be designed such that a NR Rel-15 UE is unlikely to falsely detect an S-PSS as NR Rel-15 PSS, and/or S-SSS as NR Rel-15 SSS. Otherwise the time for cell search for such a UE will be unnecessarily increased. In fact, this aspect was taken into account already in the design of LTE V2X, resulting in different ZC root indices (i.e. ) for PSSS as compared to those used for PSS (i.e. ). Similar approach can be taken in NR V2X, i.e. use of different cyclic-shift values as compared to NR Rel-15, as proposed in [2]. And another solution was proposed in [3] that synchronization raster should be avoided when configuring the frequency resources for S-SSB. In our view, the latter one is an unnecessary restriction for S-SSB resource configuration, even if it is agreed that the physical layer structure of S-SSB is exactly the same as SSB, in which case the problem raised at the beginning of this section can be avoided by simply changing resource mappings of S-PSS/S-SSS within the S-SSB.
Proposal 2: Choose one of the following to avoid ambiguity between S-PSS and NR Rel-15 PSS:
· Different cyclic-shift values for the M-sequence used for S-PSS.
· Different resource mapping of S-PSS within the S-SSB.
SL synchronization ID
If it is agreed that the S-PSS should be based on PSS in NR Rel-15 (e.g. with no change or only change of cyclic-shift values), and S-SSS should be based on SSS in NR Rel-15 (e.g. with no change or only change of cyclic-shift values), it makes sense to also adopt a similar way of carrying the SLSS IDs (including the value range) as compared to cell ID in NR Rel-15.
Proposal 3: The value range of SLSS ID is the same as that for cell ID in NR Rel-15.
SL synchronization reference
It was agreed in RAN1#94bis [4] that at least GNSS, gNB, NR UE and eNB are supported as the synchronization source for NR V2X. Clearly, the main supplement to LTE V2X is both gNB and eNB supported as synchronization source. Hence, priority of eNB and gNB should be at least clarified or differentiated in selecting/re-selecting synchronization reference, even if eNB and gNB is agreed equally prioritized. If it is agreed to prioritize gNB or eNB in selection/re-selection of synchronization reference, a field in V2X MIB might be introduced indicating either gNB or eNB is selected as synchronization reference which will be discussed in section 2.4 as well.
Proposal 4: Priority of gNB and eNB is specified for selection/re-selection of synchronization reference in NR V2X.
PSBCH contents
In LTE V2X, a UE transmits SLSS/PSBCH to extend coverage of the synchronization source. A UE transmits synchronization information either when E-UTRAN configures it to do so by dedicated signalling, or when not configured by dedicated signalling and E-UTRAN broadcasts or pre-configures a threshold. For in-coverage UEs which select a cell as synchronization reference, considering similar motivation applied for NR V2X, it is natural to deliver TDD configuration the same meaning as the synchronization reference cell to avoid interference besides extending coverage, as already specified in both D2D and LTE V2X.
In NR Rel-15, cell-specific IE: TDD-UL-DL-ConfigCommon in SIB1 may include 2 configuration patterns concatenated to ensure flexibility which takes up more than 50 bits payload. It seems too much for NR V2X MIB considering only TDD configuration field. Hereby we present several solutions to reduce overhead of TDD configuration in NR V2X MIB listed as following:
Opt1: Include only UL slots in TDD configuration information for V2X MIB.
For NR V2X, it is preferable to adopt UL resources the same as LTE V2X and Opt1 seems quite a straightforward approach for TDD configuration. With Opt1, an offset in the configured period or an UL slot index indicating the beginning of UL slots can be conveyed for each TDD configuration pattern. In our view, Opt1 naturally reduces the payload of DL and X configuration.
Opt2: Pre-define or pre-configure a list of TDD-UL-DL-ConfigCommon patterns.
Similar to 7 total patterns of LTE UL/DL configuration 0-6, a list of TDD configuration patterns (i.e. up to 8 patterns) can be pre-defined or pre-configured in SL-Preconfiguration information for NR V2X and an index of pattern is carried in PSBCH for indication of TDD configuration pattern. Opt2 seems an LTE V2X-like approach and may lose flexibility to some extent, which means TDD configuration payload can be reduced to even 3bits (i.e. up to 8 patterns).
Opt3: The TDD configuration patterns in PSBCH are quantization of the total available configuration patterns in NR Rel-15.
In our view, Opt3 can be treated as enhancement to Opt1. In detail, i.e.  and the configuration period , the total variable configuration number of a single TDD configuration pattern counts to 80 (as 80 UL slots in 10ms at most). If it is assumed (i.e. 3bits for each pattern in V2X MIB) to represent the total 80 patterns, a scaling factor of (i.e. 80/23=10) is adopted, which means 10 configurations with consecutive ascending number of UL slots can be mapped to a single code point (i.e. TDD configuration patterns with UL slots number of ‘20-29’ map into code point ‘2’ in V2X MIB) in PSBCH TDD configuration. Clearly, Opt3 further reduces TDD configuration payload compared to Opt1.
Opt4: Slot index of the received S-SSB corresponds to either of TDD configuration patterns.
In LTE V2X, a subframe index is conveyed in V2X MIB. Similarly, for NR V2X, the slot index is either carried in S-SSB or through pre-defined cases. If it is assumed that the received S-SSB slot index is coupled with TDD configuration pattern 1 or pattern 2, one of TDD configuration patterns can be left out as reduction of TDD configuration payload. For case of single S-SSB transmission in a period, e.g. the slot in which received S-SSB locates may simply correspond to the very beginning slot of TDD configuration pattern 1 or pattern 2. Otherwise, if it is agreed that multiple S-SSBs are transmitted in a period, slot of the first actual transmitted S-SSB may correspond to the very beginning slot of TDD configuration pattern 1 or pattern 2.
Proposal 5: Consider the options in section 2.4 to reduce overhead of TDD configuration in NR V2X MIB.
Besides, when UE selects eNB as synchronization reference as discussed in section 2.3, it is preferable to deliver TDD configuration the same meaning as LTE TDD UL/DL configuration. Unfortunately, with NR Rel-15 two concatenated-patterns approach, LTE TDD UL/DL configuration 6 cannot be fully matched even with subframe offset (without frame boundary alignment), unless a value of period  is introduced. Another solution to this issue is to introduce a field indicating TDD configuration for NR V2X is based on LTE or NR, in which case LTE means TDD configuration in V2X MIB is interpreted as LTE UL/DL configuration method as LTE UL/DL configuration 0-6.
Proposal 6: Introduce a field in V2X MIB to indicate whether TDD configuration is interpreted in LTE UL/DL configuration method.
Conclusion
In this contribution, we provide our views on the design of synchronization mechanism for NR V2X, and make the following proposals:
Proposal 1: The sequence design of S-PSS/S-SSS is based on PSS/SSS in NR Rel-15.
Proposal 2: Choose one of the following to avoid ambiguity between S-PSS and NR Rel-15 PSS:
· Different cyclic-shift values for the M-sequence used for S-PSS.
· Different resource mapping of S-PSS within the S-SSB.
Proposal 3: The value range of SLSS ID is the same as that for cell ID in NR Rel-15.
Proposal 4: Priority of gNB and eNB is specified for selection/re-selection of synchronization reference in NR V2X.
Proposal 5: Consider the options in section 2.4 to reduce overhead of TDD configuration in NR V2X MIB.
Proposal 6: Introduce a field in V2X MIB to indicate whether TDD configuration is interpreted in LTE UL/DL configuration method.
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