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Introduction
The DFN offset has been discussed for the last several meetings, and in RAN2#96 meeting [1], the agreement was:
	Agreements on DFN offset:
DFN offset can be configured per cell.  Details of the formula used by the UE are FFS and how pre-configuration configuration would work is FFS.  


In this contribution, we discuss the scenarios for DFN offset and the details of the formula used by UE.
Discussion
2.1 Scenarios for DFN offset
There are some scenarios that the DFN offset is needed [2] [3]:
· Scenario 1: UE configured with GNSS or eNB as the synchronization reference
· Scenario 2: Asynchronous network
· Scenario 3: UE detects the GNSS synchronization failure
For scenario 1, for example, an out of coverage UE uses GNSS as the synchronization reference, and an in coverage UE uses eNB as the synchronization reference. When the eNB timing and the GNSS timing has a time offset, the two UEs are asynchronous. So the DFN offset is needed.
For scenario 2, for example, UE1 uses eNB1 as the synchronization reference, UE2 uses eNB2 as the synchronization reference, and UE3 uses GNSS as the synchronization reference. The eNB1 and eNB2 are asynchronous. The time offset between eNB1 timing and GNSS timing is T1, and the time offset between eNB2 timing and GNSS timing is T2. So the three UEs are asynchronous. In this case, DFN offset is needed.
For scenario 3, 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. A feasible way to address the issue of GNSS timing loss may be to derive the GNSS based DFN using the serving carrier timing, i.e. the eNB timing. When the eNB timing and the GNSS timing has a time offset, the DFN offset is needed.
Observation: DFN offset may be needed for some scenarios, such as UE configured with GNSS or eNB as the synchronization reference, asynchronous network, and UE detects the GNSS synchronization failure.
2.2 DFN offset formula used by UE
In general, in the 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 time offset between SFN0 and GNSS based DFN0, which is called the DFN offset.
Then the GNSS based DFN could be derived based on the SFN with the following formula:
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]GNSS based DFN=SFN + DFN offset
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK87][bookmark: OLE_LINK88]If the SFN is derived from the UTC timing, the DFN offset could be in range [0, 1] ms.
[bookmark: OLE_LINK47][bookmark: OLE_LINK48]Based on above formulae then, the eNB could configure a DFN offset to the UE, so that when a UE uses eNB as the synchronization reference, it can use its SFN and DFN offset to derive the GNSS based DFN as per the formula mentioned above.
Proposal: UE can use the SFN and DFN offset to derive the GNSS based DFN based on the following formula:
GNSS based DFN=SFN + DFN offset

Conclusion
In this contribution, we discuss the DFN offset and propose:
Proposal: UE can use the SFN and DFN offset to derive the GNSS-based DFN based on the following formula:
GNSS based DFN=SFN + DFN offset
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