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1 Introduction
In the RAN1 #94 meeting, synchronization for NR-V2X was discussed and the following agreement was achieved [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

In this contribution, we continue discuss the synchronization mechanism for NR-V2X.
2 Discussion
2.1 Synchronization mechanism of LTE-V2X

· Synchronization reference type 
In LTE-V2X, three synchronization reference types {GNSS, eNB, UE} are defined [2]. For out of coverage (OOC), there are only two synchronization reference types, GNSS and UE, and GNSS has higher priority. If GNSS is available, all UE need to synchronize to GNSS. A UE which synchronized to GNSS should transmit SLSS on sidelink to assist other UE’s synchronization. If GNSS is not available, a UE needs to search whether there is SLSS on sidelink which is transmitted by another UE. Two or three synchronization source is pre-configured for OOC, one of which is used for the UE to transmit SLSS which is synchronized to GNSS directly. 
For in coverage (IC), all of these three synchronization reference types exist, among which the synchronization reference type of UE has the lowest priority. The priority between GNSS and eNB can be configured by eNB. An in coverage UE can obtain synchronization from eNB or GNSS. A UE can transmit SLSS either by configured by eNB or in case the measured RSRP is below a configured threshold. The same synchronization resource as pre-configuration should be configured by eNB to promise the resource within a resource pool is the same for IC and OOC.
· SLSS

SLSS (including PSSS/SSSS) is transmitted by a UE for the receiver to obtain time/frequency synchronization to the transmitter. For LTE-V2X, the frame structure of PSSS/SSSS is shown in figure 1.
Two symbols are used for PSSS, and two symbols used for SSSS. Three symbols per subframe are used for DMRS. The last symbol is punctured as guard period. PSBCH is mapped to the rest symbols, and generally, the first symbol is used as AGC at receiver. 
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Figure 1 Frame structure of PSSS/SSSS/PSBCH in LTE-V2X
· PSBCH

PSBCH is transmitted by a UE transmitting SLSS, and it is in the same subframe as SLSS. It is used to indicate the following information [2].
MasterInformationBlock-SL-V2X

-- ASN1START

MasterInformationBlock-SL-V2X-r14 ::=

SEQUENCE {


sl-Bandwidth-r14




ENUMERATED {












n6, n15, n25, n50, n75, n100},


tdd-ConfigSL-r14




TDD-ConfigSL-r12,


directFrameNumber-r14



BIT STRING (SIZE (10)),


directSubframeNumber-r14


INTEGER (0..9),


inCoverage-r14





BOOLEAN,


reserved-r14





BIT STRING (SIZE (27))

}

-- ASN1STOP
2.2 Potential enhancement of synchronization mechanism in NR-V2X
· Synchronization reference type 
In NR-V2X, the UE can be camped on either NR cell or LTE cell. For NR cell, the synchronization can be obtained from gNB. For LTE cell, the synchronization can be obtained from eNB. For out of coverage, GNSS can act as the synchronization reference. While if GNSS is not available in some scenarios, such as in the tunnel, basement, a NR UE or a LTE UE can act as the synchronization reference if there is no other synchronization signal detected. Then in NR-V2X, the synchronization reference types could be {GNSS, eNB, gNB, UE, LTE UE}.

If a NR-V2X UE can camp on both NR cell and LTE cell, such as EN-DC scenario, it can obtain synchronization from both gNB and eNB. How to determine the sync priority among gNB, eNB and GNSS needs to be studied.

Proposal 1: The synchronization reference types {GNSS, eNB, gNB, UE, LTE UE} can be supported in NR-V2X. The synchronization priority among them needs FFS.

· PSBCH
One of the fields of PSBCH is TDD configuration. If the PSBCH transmitter is in coverage, the TDD configuration is the TDD configuration of the camped cell. In LTE-V2X, there are only 7 TDD configurations. While in NR system, the slot format is flexible and there is DL, UL and flexible symbols per slot. There are several ways to configure the slot format in NR Uu. 

· Cell-specific RRC configuration: TDD-UL-DL-Configuration and TDD-UL-DL-ConfigurationCommon2; 

· UE-specific RRC configuration: TDD-UL-DL-ConfigDedicated; 
· Dynamic configuration: SFI, which is carried in DCI format 2-0;
SFI is used to dynamically configure the slot format per slot based on the configuration of cell-specific and UE-specific configuration signaling. The DL and UL direction of a slot configured by cell-specific or UE-specific RRC configuration signaling cannot be changed to other directions by SFI, and only flexible symbols can be changed by SFI. 
In NR-V2X, the TDD-UL-DL configuration should also be included in PSBCH and transmitted by in coverage UE to out of coverage UEs to avoid potential interference to NR Uu transmission. 
Proposal 2: The slot format configuration of network should be included in PSBCH for NR-V2X.
· Frame structure
The frame structure of synchronization subframe is shown in Figure 1. A whole subframe is used for PSBCH/SLSS. In Rel-15 NR Uu, the synchronization signals and PBCH are combined into a SSB block. Whether LTE-V2X synchronization structure or SSB structure should be applied for NR-V2X needs to be studied.

For NR-V2X, SSB-like synchronization structure is preferred considering the following factors.

· NR-V2X is possible to be deployed on shared carrier with NR UL. For Rel-15 NR Uu, the slot format is very flexible. There is DL, UL and flexible symbols within a slot, and the number of symbols per direction is variable. If UL symbol (and possible flexible symbol) is used for SL transmission, only part of the OFDM symbols within a slot can be used by SL. For LTE-V2X synchronization structure, a slot configured with all UL symbols (or UL + flexible symbols) needs to be reserved for SLSS/PSBCH transmission. That will put strict limitation on network’s scheduling. SSB-like structure is more suitable for this scenario. Even only part of a slot is reserved for SL transmission, SSB-like synchronization signal can be transmitted in the slot, which can relax the network’s scheduling.

· In NR-V2X, the requirement is more stringent than LTE-V2X, such as low latency and high throughput [3].  Then some new and flexible frame structure design is possible to be introduced, such as sTTI. In this case, the frame structure of SLSS/PSBCH should also be modified accordingly, and SSB-like structure is more preferred.
· According to the SID [4], both FR1 and FR2 needs to be considered in the study, and the target is to have a common sidelink design for both FR1 and FR2. For FR2, beamforming is necessary to increase the coverage. SSB-like structure is more efficient for beam sweeping because of less OFDM symbols occupation.
Proposal 3: SSB-like structure is more preferred than LTE-V2X synchronization structure for NR-V2X. 
· Synchronization in carrier aggregation
In LTE-V2X carrier aggregation, all of the aggregated carriers are synchronized. SLSS is transmitted on either one of the aggregated carriers, or all of the carriers within Set-B (which is the intersection of aggregated carriers and the carriers that can be potentially used as the synchronization carrier). 
For NR-V2X, if carrier aggregation is applied, whether NR SL carriers and LTE SL carriers can be aggregated? If yes, it is reasonable that the mechanism of LTE-V2X used for NR-V2X. For example, all of the aggregated carriers are synchronized. How to transmit SLSS on the aggregated carriers in NR-V2X needs FFS, especially considering TX capability limitation.

Proposal 4: For NR-V2X carrier aggregation, the following issues needs to be addressed.

· Whether NR SL and LTE SL can be aggregated together?
· How to transmit SLSS on aggregated carriers.
· Whether TX capability limitation needs to be considered in SLSS transmission in case of carrier aggregation.
3 Conclusion
In this contribution, the potential enhancement of synchronization mechanism of NR-V2X is discussed. The following proposals are given.
Proposal 1: The synchronization reference types {GNSS, eNB, gNB, UE, LTE UE} can be supported in NR-V2X. The synchronization priority among them needs FFS.

Proposal 2: The slot format configuration of network should be included in PSBCH for NR-V2X.

Proposal 3: SSB-like structure is more preferred than LTE-V2X synchronization structure for NR-V2X. 

Proposal 4: For NR-V2X carrier aggregation, the following issues needs to be addressed.

· Whether NR SL and LTE SL can be aggregated together?
· How to transmit SLSS on aggregated carriers.
· Whether TX capability limitation needs to be considered in SLSS transmission in case of carrier aggregation.
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