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1. Introduction
From RAN1#94 meeting to RAN1#AH1901, a lot of agreements on sidelink (SL) synchronization mechanism for NR-V2X were made [1]-[4]. However, further discussions are necessary to conclude NR-V2X SI. In this contribution, we share our views on SL synchronization mechanism for NR-V2X.

2. Discussions
2.1. S-SSB structure
NR S-SSB and other SL channels (PSCCH/PSSCH/PSFCH) should be allowed to be transmitted within a slot. In LTE-V2X, SLSS and PSBCH are multiplexed occupying a whole subframe, and any UE cannot perform data transmission during SLSS/PSBCH occasion as shown in Fig. 1. Data transmission which would be performed at the subframe configured for SLSS/PSBCH transmission needs to be delayed; hence, this can be a limitation factor for URLLC data transmission in sidelink. NR-SL is expected to achieve lower latency than LTE-SL, which can be realized by TDM (and/or FDM) manner within a slot between NR S-SSB and the other SL channels.
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Fig. 1: Limitation of SLSS/PSBCH configuration in LTE-V2X.
Proposal 1:
· Support to multiplex NR S-SSB and PSCCH/PSSCH/PSFCH within a slot in at least TDM manner. Details of the multiplexing is determined in WI phase.

At the RAN1#94bis, a periodic transmission of S-SSB in NR-V2X was supported, and it was discussed whether one or multiple S-SSB is/are transmitted within a period. We believe that multiple S-SSB transmissions within a S-SSB period should be introduced for forward compatibility. In NR-V2X, FR2 is also included in the SID scope [5], while the following agreement was reached at the RAN1 #AH1901 meeting:
	Check beam management procedure needed for FR2 or not – companies are encouraged to check R1-1900446
· Discuss further offline regarding potential TP based on the measurement results in R1-1900466 – to check later
R1-1901411 – revisit on Friday
R1-1901463


The endorsed contribution shows that FR2 without beam management can provide sufficient performance for NR-SL transmission. This implies that beam management is not necessary for NR-SL. 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. 2: Limitation of SLSS/PSBCH configuration in LTE-V2X.
Proposal 2:
· 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 3:
· 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. SL-SSID
At the RAN1#AH1901 meeting, whether the number of SL-SSIDs should be increased or not was discussed, but there was no agreement yet. According to [6], the following three alternatives are considered:
- Alt 1: 672
- Alt 2: 336
- Alt 3: 504
In NR-Uu, the number of physical cell IDs (PCIs) was doubled compared to LTE-Uu, i.e., from 504 to 1008, considering cell deployment with higher density. We believe that similar discussion is applicable to NR-V2X. As discussed by companies, stationary synchronization source is more stable than mobile ones, therefore, UE type RSU may be treated specially in NR V2X. In that case, it is beneficial that UEs which are in coverage of UE type RSU is synchronized to the same UE type RSU. Such topology is similar as UEs synchronize the base station. Therefore, in order to distinguish UE type RSUs, NR SLSS can be used and large NR SLSS ID is beneficial. Moreover, as in LTE V2X, UE can randomly select SLSS ID in some case, so large NR SLSS ID is beneficial for the randomization. Also, some part of SL-SSID can be used for other purposes, for example, to reduce PSBCH payload size. Based on above discussion, the number of SL-SSIDs can be increased. How many SL-SSIDs should be increased depends on the performance as well, and it can be decided in WI phase.
Proposal 4:
· NR V2X supports larger number of SL-SSIDs than that of LTE-V2X.
· The number of SL-SSID will be decided in WI phase.

In LTE-V2X, out-of-coverage UE can receive S-SSB from a synchronization source UE. If the source UE is in-coverage or out-of-coverage with one hop from in-coverage UE, the same/fixed SL-SSID as the source UE can be used, and vice versa, a different/random SSID can be used. For NR-V2X, such distinction is beneficial since synchronization reference with the small number of hops can be prioritized. Therefore, for NR-V2X, similar mechanism should be adopted.
Proposal 5:
· NR V2X supports to use SL-SSID to indicate in-coverage/out-of-coverage and/or the number of hops of the synchronization source.

2.3. PSBCH contents
As listed in [6], 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. 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 6:
· 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.

2.4. Synchronization source
In LTE V2X, synchronization sources include base station, GNSS, UE-relayed base station timing, UE-relayed GNSS timing, and UE-relayed other UE’s timing. A priority rule was defined for those synchronization sources, and can be overridden by base station configuration. When multiple synchronization sources are available at UE, the UE selects one synchronization source according to the defined/configured priority rule. Within the same priority, source with higher RSRP is prioritized.
On the other hand, in NR V2X, at least GNSS, gNB, NR UE and eNB were supported as the synchronization source. The remaining issue is whether LTE UE should be supported as the synchronization source. With the above synchronization sources, the case where LTE UE  is needed as synchronization source is quite limited. Even when all of GNSS, gNB and eNB are not available, NR UE can be used. The only case where LTE UE is needed as synchronization source may be that NR UE needs to know LTE timing for LTE-NR SL coexistence assuming LTE and NR are not synchronized. However, according to the agreement made in RAN1#94bis, LTE and NR are assumed to be synchronized [2]. 
	Agreements:
· For TDM solutions, LTE and NR V2X sidelinks are assumed to be synchronized 
· FFS accuracy of time alignment/synchronization
· FFS alignment whether slot level and/or DFN based alignment is needed


Therefore, we find no practical use case to support LTE UE as synchronization source.
Proposal 7:
· Do not support LTE UE as synchronization source unless sufficient benefit is shown.

For synchronization reference selection, the number of hops can be taken into account. Basically, synchronization reference with the small number of hops can be prioritized since synchronization signal with too many hops may lose synchronization accuracy. Thus, indication of the number of hops together with S-SSB should be considered.
Proposal 8:
· Indication of the number of hops of the synchronization reference in NR S-SSB should be supported.

3. Conclusion
In this contribution, synchronization mechanisms have been discussed. Based on the discussion, the following observation and proposals were made:
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 to multiplex NR S-SSB and PSCCH/PSSCH/PSFCH within a slot in at least TDM manner. Details of the multiplexing is determined in WI phase.
Proposal 2:
· 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 3:
· 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 4:
· NR V2X supports larger number of SL-SSIDs than that of LTE-V2X.
· The number of SL-SSID will be decided in WI phase.
Proposal 5:
· NR V2X supports to use SL-SSID to indicate in-coverage/out-of-coverage and/or the number of hops of the synchronization source.
Proposal 6:
· 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.
Proposal 7:
· Do not support LTE UE as synchronization source unless sufficient benefit is shown.
Proposal 8:
· Indication of the number of hops of the synchronization reference in NR S-SSB should be supported.
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S-SSB occasion:
UE cannot perform data transmission during S-SSB occasion.
For URLLC traffic, this is problematic.
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