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1. Introduction
At the RAN plenary #83 meeting, NR V2X WID was endorsed as ‘New WID on 5G V2X with NR sidelink’ [1]. According to the WID, in this contribution, we share our views on SL synchronization mechanism for NR-V2X including S-SSB transmission and RS-based synchronization.

2. Discussions
2.1. S-SSB transmission
In this section, S-SSB burst set transmission is discussed. At previous meeting, it was discussed whether one or multiple S-SSB(s) is/are transmitted within a S-SSB period. We believe that multiple S-SSB transmissions within a S-SSB period should be introduced for forward compatibility.
	4	Objective
[…]
NR sidelink design starts with frequencies in FR1, and NR sidelink in FR2 is supported by applying the design for FR1 and PT-RS to the numerologies agreed for FR2. No FR2 specific optimization is supported in this WI except PT-RS. No beam management is supported in this work.
[...]


A potential concern about not supporting beam management from the day one is forward compatibility issue.  In future releases, beam management and/or repetition may become required for example due to more reliability or coverage enhancement. If only one S-SSB transmission within a slot is adopted, legacy UEs cannot receive multiple S-SSBs which may be introduced in future releases. To avoid such a case, in Rel-16 NR SL, the set of S-SSBs within a S-SSB period should correspond to one round of all beams or repetitions. Such a set of S-SSBs within a S-SSB period can be termed as S-SSB burst set, which is similar to NR SSB burst set. Note that the following proposal does not imply that the SL beam management should be supported for FR2 in Rel-16 NR V2X. 
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Fig. 1: Limitation of SLSS/PSBCH configuration in LTE-V2X.
Proposal 1:
· Support multiple S-SSB transmissions within a S-SSB period.
· The multiple S-SSB transmissions within the period is termed as “S-SSB burst set”.

If S-SSB burst set is supported for NR-V2X, the resource configuration for S-SSB burst set needs to be discussed. In LTE-V2X, synchronization resource is configured with fixed defined period and three independent offset indicators can configure up to three synchronization resources. However, in consideration of multiple beams and/or repetitions in future release(s), required synchronization resource in NR-V2X depends on the periodicity of each S-SSB burst set and the number of S-SSBs within a S-SSB burst set. The desirable number of S-SSBs within a S-SSB burst set will be different depending on V2X application, area, and so on; hence synchronization resource should be configurable to adjust S-SSB burst set configuration.
Proposal 2:
· Support configurable synchronization resource to change the periodicity of each S-SSB burst set and the number of S-SSBs within a S-SSB burst set.

2.2. PSBCH contents
In NR-V2X, PSBCH is transmitted for SL synchronization, so PSBCH contents need to be discussed. We believe that TDD UL-DL configuration/slot format combination should be included in NR PSBCH, to use licensed band for NR-SL. Because, when out-of-coverage UE will use licensed band based on (pre-)configured TDD configuration, but if TDD configuration is different from actually used TDD configuration in network, SL transmission becomes undesirable interference to NR-Uu. In case that out-of-coverage is allowed to use licensed band based on (pre-)configured TDD configuration, it is desirable to receive actual TDD configuration from in-coverage UE. PSBCH is suitable for this purpose.
In LTE-V2X, PSBCH can provide TDD UL-DL configuration/slot formats combination. Similar information can be provided on NR PSBCH as well. However, TDD UL-DL configuration/slot formats combination in NR-Uu is much more flexible than that in LTE-Uu. For example, for semi-static TDD configuration, the numbers of consecutive downlink slots/symbols and consecutive uplink slots/symbols in a periodicity are informed. For dynamic TDD configuration, multiple slot format combinations in a periodicity are informed, where a slot format combination can consist of 256 slot formats and there are 56 candidates for a slot format. If the same information of TDD UL-DL configuration is included in PSBCH, the payload size of PSBCH becomes so large. Such overhead should be avoided, hence, PSBCH should convey TDD UL-DL configuration/slot format combination with limited size. To reduce the PSBCH overhead, only available slot/symbol for NR-SL is informed. For example, for semi-static TDD configuration, only the number of consecutive uplink slots/symbols are informed, when only uplink part in NR-Uu can be used for NR-SL.
Observation 1:
· The number of bits for TDD UL-DL configuration/slot format combination in NR PSBCH will be significantly larger than that in LTE.
Proposal 3:
· TDD UL-DL configuration/slot format combination is included in NR PSBCH.
· To reduce the PSBCH overhead, only available slot/symbol for NR-SL is informed, instead of indicating DL/UL/flex respectively.

2.3. RS-based synchronization
In NR-V2X WID [1], RS-based synchronization is listed but it is unclear whether specification impact is identified or not. In this sub-section, we discuss whether RS-based synchronization needs to be specified or not.
	4	Objective
[…]
· Sidelink synchronization mechanism as per the study outcome [RAN1, RAN2]
· Procedures selecting synchronization reference
· S-SSB and procedures to transmit and receive it, including when GNSS and gNB/eNB are unavailable
· Use of RS for sidelink synchronization if specification impact is identified
[…]


In both LTE-V2X and NR-V2X, GNSS/BS(eNB in LTE-V2X and eNB/gNB in NR-V2X)/S-SSB can be used for SL synchronization. The motivation to support RS-based synchronization in addition to S-SSB based synchronization seems for better synchronization performance, but it is noted that synchronization purely based on SL-RS will provide worse performance than S-SSB-based synchronization. Because, RS is not designed specifically for this synchronization purpose, e.g., DM-RS in PSCCH/PSSCH is not aimed to be used for SL synchronization. On the other hand, S-SSB will be defined for synchronization purpose, where it is believed synchronization accuracy is enough via S-SSB based synchronization. Therefore, RS-based synchronization seems not mandatory feature but an optimization. Furthermore, RS-based synchronization can be up to UE-implementation since other UEs do not need to know whether RS-based synchronization is applied or not. Considering large scope in Rel-16 NR-V2X, it is desirable to deprioritize this feature in Rel-16 NR V2X WI. Therefore, we provide the following proposal.
Proposal 4:
· RS-based SL synchronization is not defined in Rel-16 NR V2X WI. UE implementation can apply RS-based SL synchronization in addition to S-SSB-based SL synchronization.

3. Conclusion
In this contribution, we discussed SL synchronization mechanism for NR-V2X. Proposals are summarized as following: 
Observation 1:
· The number of bits for TDD UL-DL configuration/slot format combination in NR PSBCH will be significantly larger than that in LTE.
Proposal 1:
· Support multiple S-SSB transmissions within a S-SSB period.
· The multiple S-SSB transmissions within the period is termed as “S-SSB burst set”.
Proposal 2:
· Support configurable synchronization resource to change the periodicity of each S-SSB burst set and the number of S-SSBs within a S-SSB burst set.
Proposal 3:
· TDD UL-DL configuration/slot format combination is included in NR PSBCH.
· To reduce the PSBCH overhead, only available slot/symbol for NR-SL is informed, instead of indicating DL/UL/flex respectively.
[bookmark: _GoBack]Proposal 4:
· RS-based SL synchronization is not defined in Rel-16 NR V2X WI. UE implementation can apply RS-based SL synchronization in addition to S-SSB-based SL synchronization.
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