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1 Introduction
In the RAN #80 meeting, a new SID for NR-V2X was approved and the following is one of the study objective [1]:

1: Sidelink design [RAN1, RAN2]:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 

· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
· Study NR sidelink physical layer structures and procedure(s)

· Study sidelink synchronization mechanism

· Study sidelink resource allocation mechanism (also including objective 3)
· Study sidelink L2/L3 protocols

NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.

In this contribution, we discuss the synchronization mechanism for NR-V2X.
2 Discussion
Synchronization is the first step for UEs to communicate with each other on sidelink. The transmitter and receiver can be time/frequency synchronized by either of two methods.
· Method 1: There is an isolate synchronization source, such as eNB/gNB or GNSS. Both transmitter and receiver are synchronized to the same synchronization source, then they can be seen as synchronized each other. This is the common case is the scenario of in coverage where PSS/SSS from eNB is available, or in the scenario of GNSS is available/reliable, which is shown in figure 1 (a).

· Method 2: The transmitter acts as the synchronization source. The receiver is synchronized to the transmitter by PSSS/SSSS detected on sidelink. This is the common case in the scenario of out of coverage and the GNSS is not available/reliable, which is shown in figure 1 (b).
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Figure 1 Illustration of synchronization source

In LTE-V2X, the synchronization mechanism has been thoroughly discussed. In this section, we will briefly introduce the synchronization mechanism in LTE-V2X, then discuss whether any enhancement is necessary.
2.1 Synchronization mechanism of LTE-V2X

· Synchronization reference type 
In LTE-V2X, three synchronization reference types are defined {GNSS, eNB, UE} [2]. For out of coverage, 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, all of these three synchronization reference types exist, among which UE synchronization reference type has the lowest priority. The priority between GNSS and eNB can be configured by eNB. An in coverage UE will obtain synchronization from eNB or GNSS. A UE can transmit SLSS either by configured by eNB or 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. The in coverage UE will transmit SLSS on the first configured synchronization resource.
· SLSS

SLSS (including PSSS/SSSS) is transmitted by a UE for the receiver to obtain time/frequency synchronization to the transmitter. For IC UE, The frame structure of PSSS/SSSS is shown in figure 2.

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 as receiver. 
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Figure 2 Frame structure of PSSS/SSSS/PSBCH

· 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
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. Then in NR-V2X, the synchronization reference types could be {GNSS, eNB, gNB, 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 between gNB and eNB needs to be studied.

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

According to the SID [1], “TSG RAN has already agreed in TR 38.913 that it is not intended for NR V2X to replace the services offered by LTE V2X. Instead, the NR V2X shall complement LTE V2X for advanced V2X services and support interworking with LTE V2X. At least from 3GPP RAN technology development standpoint, the focus and scope of NR V2X study is to target advanced V2X use cases.”, NR-V2X is a complementary to LTE-V2X. Therefore, a NR-V2X UE should also support LTE-V2X and both NR SL and LTE SL exist. Whether NR SL and LTE SL should be synchronized to the same or different synchronization source? For example, is it possible to support NR SL synchronized to GNSS, while LTE-SL synchronized to eNB. 

Proposal 2:  Whether NR SL and LTE SL should be synchronized to the same or different synchronization source needs FFS.

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 3: 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.
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. 
Proposal 4: The frame structure of SLSS/PSBCH in NR-V2X needs to be modified if new and flexible frame structure design is introduced.

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} can be supported in NR-V2X. The synchronization priority among them needs FFS.
Proposal 2:  Whether NR SL and LTE SL should be synchronized to the same or different synchronization source needs FFS.

Proposal 3: 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.
Proposal 4: The frame structure of SLSS/PSBCH in NR-V2X needs to be modified if new and flexible frame structure design is introduced.
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