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1 Introduction
In RAN1 #85 meeting, an LS was sent to RAN2 in [1], where RAN2 is asked to consider the standardization of how to derive DFN from GNSS as follows.
	Agreements:
· Rel-12 DFN definition is reused.
· When GNSS is the synchronization reference, DFN is derived from GNSS.
· Details are up to RAN2.
· For the other cases, DFN is derived according to Rel-12 behavior.


 In this contribution, we will analyze the potential mapping relationships between DFN and GNSS and provide the specific equation format correspondingly.
2 How to derive DFN from GNSS
As the support for GNSS timing has been agreed and the timing of most V2V-related sidelink operations are based on the frame number (e.g. configurations of resource pool, synchronization, etc.), it is necessary to define the mapping rule between DFN and GNSS, so as to enable all the UEs synchronized to GNSS have a common notion of the frame boundary, which acts as a prerequisite for the system to work.
Currently, when a UE is synchronized to GNSS, both of the GNSS system timing and UTC timing could be considered as the reference to derive DFN. However, different GNSS systems (e.g. GPS, GLONASS, BeiDou, etc.) have different time mapping mechanisms, and each of them has their own time references [2]. By contrast, the UTC timing is common and independent of the specific GNSS system used. Hence, we think that the UTC timing is better to be used for deriving DFN, in order to specify a uniform transformation format. 
Proposal 1: As different GNSS systems have their own time references which can be different with each other, it is better to use UTC timing for deriving DFN instead of the GNSS system timing. 
Specifically, DFN and the subframe number at a specific time can be derived from the UTC timing as follows:

 .
Detailed descriptions of the parameters  and  are shown in Table 1 below. 
Table 1: Parameter description for the proposed GNSS-based DFN mapping rule
	Parameter name
	Description
	Unit

	
	The current UTC timing.
	Millisecond 

	
	The reference time. As an example, this value could be define  as 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900), similar with the SIB16
	Millisecond 


Proposal 2: RAN2 is kindly suggested to use UTC timing to derive DFN from GNSS, and consider the mapping between DFN and GNSS as follows:

 .
In practical implementation, a UE may not need to continually calculate DFN using the equation proposed above. For a GNSS system, a pulse output is able to capture the start of each second precisely (the precision could up to nanosecond level), and thus can be used for frame boundary alignment. Furthermore, the GNSS can also provide an associated packet that includes the UTC timing for each pulse, so as to assist terminals to obtain the accurate time for that pulse. 
As an example for real implementation as shown in Figure 1, a UE may selectively calculate the DFN only at the time of receiving a pulse, and then keeps an internal clock for subsequent synchronization. For instance, after making a boundary alignment upon detecting pulse #1, a UE will be able to derive the associated DFN  of this pulse, i.e. the DFN = 8 as in the figure, based on the proposed equation above and the UTC timing obtained from the packet after pulse #1. After that, the UE will keep synchronization with an internal clock. Details are shown in Figure 1.


Figure 1: Example for deriving DFN from UTC timing
As a result, the UE may not need to continuously calculate DFN via the equation in proposal 1 as shown above. The UE’s behaviour on when to derive DFN from the UTC timing can be left to UE implementation.  
Proposal 3: It is up to UE implementation when to derive DFN from UTC. 
3 Conclusion
In this contribution, we discussed the potential solutions to derive DFN from GNSS. The observation and proposal are: 
Proposal 1: As different GNSS systems have their own time references which can be different with each other, it is better to use UTC timing for deriving DFN instead of the GNSS system timing. 
Proposal 2: RAN2 is kindly suggested to use UTC timing to derive DFN from GNSS, and consider the mapping between DFN and GNSS as follows:

 .
Proposal 3: It is up to UE implementation when to derive DFN from UTC. 
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