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1 Introduction
UTC time obtained from GNSS can be used for synchronization of V2X sidelink communication between UEs on a V2X dedicated carrier. Specifically, in the current specification [1], the GNSS-based DFN can be derived from the UTC time by the following formulae: 

	DFN= Floor (0.1*(Tcurrent –Tref)) mod 1024

SubframeNumber= Floor (Tcurrent –Tref) mod 10

Where, Tcurrent is the current UTC time and Tref is the reference UTC time 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Thursday, December 31, 1899 and Friday, January 1, 1900). 


However, the GNSS signal may become unavailable for a UE in some cases, such as moving in a tunnel, underground parking, GNSS module malfunction, etc. This may further lead to the failure of the UE to obtain GNSS synchronization. In this contribution, we will discuss how to maintain the GNSS-based DFN in the case of GNSS synchronization failure.

2 Discussion
In RAN1 #86-bis meeting, it was agreed that “When GNSS is the highest priority, the UE is not expected to read SLSS from other UEs.” [2], which means that the UE is likely to trigger the synchronization reference reselection when it detects GNSS synchronization failure, wherein such reselection of synchronization reference may cause potential V2X communication interruption.
	Agreements in RAN1 #86bis:

· If the vehicle UE has selected the GNSS as syncRef, 

· For the OOC case: 

· The UE transmits SLSS and PSBCH every synchronization period when the SLSS resource is pre-configured and the UE is capable of SLSS/PSBCH transmission;

· FFS whether any SLSS/PSBCH dropping behaviour is specified, e.g., for congestion control.

· For the InC case:

· Rel-12 D2D mechanism is reused, i.e.:

· RSRP threshold or dedicated signaling to determine the SLSS transmission

· When GNSS is the highest priority, the UE is not expected to read SLSS from other UEs.

· UE capability of SLSS transmission/reception will be discussed later.


Observation 1: A UE that synchronizes to the GNSS is likely to trigger the synchronization reference reselection when it detects the failure of GNSS synchronization, which may cause potential V2X communication interruption.
In the current specification, inter-carrier V2X sidelink communication allows a UE to camp on a serving carrier to receive the V2X sidelink configuration of another carrier, and then perform V2X sidelink communication on that other carrier (different than the serving carrier). Then, for a UE that selects GNSS as the sidelink synchronization reference for its inter-carrier V2X communication, the UE needs to maintain the timing clocks for the serving carrier and sidelink carrier simultaneously, in order to transmit/receive control plane and user plane information on the two different carriers respectively. This means the UE should be able to detect the synchronization signals not only from GNSS but also from the serving carrier. 

To this end, we think that a feasible way to address the issue of GNSS timing loss may be to derive the GNSS-based DFN using the serving carrier timing. More specifically, in real deployments, some eNBs may be able to obtain the GNSS timing by means of a built-in GNSS module or reports from the served UEs. Such an eNB would be able to calculate a timing offset between SFN0 and GNSS-based DFN0 as follows:
toffset= GNSS-based DFN0 - SFN0
Then the GNSS-based DFN could be derived based on the SFN with the following formula:
GNSS-based DFN=SFN + toffset
If the SFN is derived from the UTC timing, the toffset could be in range [0, 1] ms.
Based on above formulae then, the eNB could configure a toffset to the UE, so that when a UE detect a GNSS synchronization failure, it can use its SFN and toffset to derive the DFN as per the formula mentioned above. As the UE received PSS and SSS constantly before it loses the GNSS timing, using SFN to derive the GNSS-based DFN may avoid potential transmission interruption.
Proposal 1: The eNB can configure a toffset with 

           toffset= SFN0 - GNSS-based DFN0,  
where toffset can be within [0, 1] ms; so that a UE can use the SFN and toffset to derive the GNSS-based DFN based on the following formula when it detects the GNSS synchronization failure:

GNSS-based DFN=SFN + toffset
3 Conclusion

In this contribution, we discussed how to maintain the GNSS-based DFN upon UE detect the GNSS synchronization failure, the observations and proposal are:

Observation 1: A UE that synchronizes to the GNSS is likely to trigger the synchronization reference reselection when it detects the failure of GNSS synchronization, which may cause potential V2X communication interruption.
Proposal 1: The eNB can configure a toffset with 

           toffset= SFN0 - GNSS-based DFN0,  
where toffset can be within [0, 1] ms; so that a UE can use the SFN and toffset to derive the GNSS-based DFN based on the following formula when it detects the GNSS synchronization failure:

GNSS-based DFN=SFN + toffset
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