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Introduction
In RAN1 #85 meeting, the following agreements were achieved [1]:
· Working assumption: V2V SLSS/PSBCH periodicity is 200 ms.
· If it is agreed that SLSS/PSBCH is used for the purpose of detecting LTE ITS transmissions, this working assumption needs to be revisited.
· 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.
The timing alignment issues have been discussed in [2]. In this contribution, we discuss the details of frame, subframe and synchronization subframe of PC5-based V2V. Because the proposals in this contribution is related to RAN2, the companion contributions about frame, subframe and synchronization subframe of PC5-based V2V is also submitted to RAN2 [3] [4].
Discussion
When DFN can be derived from GNSS or GNSS- equivalent, as the definition in TS 36.331, the granularity of UTC timing is 10ms [3]. Because DFN period is 10240ms and DFN frame is 10ms, DFN and DFN subframe can be calculated as follows [4]:

                                                                    Eq. 1

                                                                   Eq. 2 
[bookmark: OLE_LINK102][bookmark: OLE_LINK103]Tcurrent is the current absolute time derived from UTC, and Tref is the absolute reference time. The unit of Tcurrent and Tref is ms.
In R12/13 D2D, synchronization subframe uses a fixed schedule with a periodicity of 40 ms in subframes indicated by syncOffsetIndicator as follows:

                                   Eq. 3
Where the parameter syncOffsetIndicator is configured or pre-configured.
Because DFN period 10240ms can be divisible by synchronization period 40ms, after one DFN period, the relative position of synchronization subframe to the first subframe of the current DFN period is same as the previous DFN period. 
As in Figure 1, syncOffsetIndicator set as 38, DFN 11 and DFN subframe 8 in first DFN period is a synchronization subframe satisfying Eq. 3. DFN 11 and DFN subframe 8 has the same number of subframes relative to the start of second DFN period as the first DFN period. DFN 11 and DFN subframe 8 in second DFN period is also the synchronization subframe.


[bookmark: _Ref458001709]Figure 1 Example of R12/13 D2D 40ms sync period, sync subframe in different DFN period
In RAN1 #85 meeting, V2V SLSS/PSBCH periodicity is agreed to be 200 ms [1]. Because 10240ms is not divisible by 200ms, the remainder subframe in the current DFN period may influence the starting timing of synchronization period in the next DFN period. 
As in Figure 2, if syncOffsetIndicator set as 38, DFN 203 and DFN subframe 8 in first DFN period is a synchronization subframe satisfying Eq. 3. Because the remainder 40ms is 10240ms divided by 200ms, 40ms (4 Radio Frame) in the synchronization period is left at the end of the first DFN period, and 160ms (16RF) in the synchronization period is left at the start of second DFN period. With the 160ms timing offset, DFN 219 (203+16=219) and DFN subframe 8 in the second DFN period is synchronization subframe. DFN 203 and DFN subframe 8 in the second DFN period is not corresponding to the synchronization subframe in the first DFN period.


[bookmark: _Ref458002990]Figure 2 Example of LTE V2X 200ms sync period, sync subframe in different DFN period
Observation 1: Because DFN period 10240ms is not divisible by synchronization period 200ms, synchronization subframes has different relative offsets to the first subframe in different DFN period.

Though DFN period 10240ms is not divisible by synchronization period 200ms, with the benefits of lower overhead and avoidance of resource collision, synchronization period 200ms can still be utilized with enhancements to the timing alignment [5].
Based on the above analysis, the following solutions are proposed in this contribution to solve the misalignment of DFN period 10240ms and synchronization period 200ms in LTE V2X [6].
Scenario 1:
When UE can derive the current absolute timing Tcurrent from GNSS or GNSS-equivalent directly, with configured or pre-configured absolute reference timing Tref, the synchronization subframe can be calculated as follows:

			              Eq. 4
Tcurrent is the current absolute time derived from UTC, and Tref is the absolute reference time which should be defined by RAN2. The unit of Tcurrent and Tref is ms.

Proposal 1: When UE can derive the current absolute timing from GNSS or GNSS-equivalent directly, the synchronization subframe can be calculated as.

Scenario 2:
When UE cannot derive the current absolute timing Tcurrent from GNSS or GNSS-equivalent directly, VFN (Vehicle Frame number) period is defined as the least common period of DFN period and synchronization period.

				              Eq. 5


[bookmark: _Ref458007336]Figure 3 Different timing offset of sync period at the start or end of different DFN period in VFN period
In Figure 3, when VFN period is calculated as 51200ms as Eq. 5, different timing offsets of sync period at the start or end of different DFN periods in VFN period are illustrated. After one VFN period, because 51200ms can be divisible by synchronization period 200ms, the same relative timing offset of sync period to the DFN period can be achieved again. 
As in Figure 3, VFN 0 means 0ms offset of sync period to the DFN period, and VFN 2 identifys 120ms offset of sync period to the DFN period. After one VFN period, VFN0 in the next VFN period is also 0ms offset of sync period to the DFN period.
Thus, VFN is used to identify the different timing offset in DFN period of VFN period and VFN is integer value from 0 to 4. 
Because UE cannot derive the current absolute timing Tcurrent from GNSS or GNSS-equivalent directly, VFN can be updated when DFN or SFN wrap around with the local timing module. VFN is suggested to be added in the PSBCH content, with exchange of VFN, the systematic timing alignment can be achieved. UE with GNSS or GNSS-equivalent directly can calculate VFN as Eq. 6, and then transmit VFN in PSBCH.

		              Eq. 6
Tcurrent is the current absolute time derived from UTC. Tref is defined as the absolute reference time same as Eq. 4 which should be defined by RAN2. The unit of Tcurrent and Tref is ms.
Proposal 2: VFN is defined to identify the different timing offset in DFN period of VFN period and VFN is integer value from 0 to 4. VFN period 51200ms is calculated as least common period of DFN period 10240ms and synchronization period 200ms.
Proposal 3: VFN is added in the PSBCH content in 3 bits.
With VFN, the synchronization subframe can be calculated with modification to Eq. 3 as follows:

                     Eq. 7
Because the remainder of 10240 mod 200 is 40, Eq. 7 can be further simplified as follows:

  	              Eq. 8
Proposal 4: When UE cannot derive the current absolute timing Tcurrent from GNSS or GNSS-equivalent directly, UE can receive VFN from PSBCH and calculate the synchronization subframe with VFN as follows:

 or

.
Because synchronization related issues are standardized in RAN2 standards, RAN 2 is kindly to be asked to take above proposals into consideration in further standardization work.
Proposal 5: RAN 2 is kindly to be asked to take above proposals into consideration in the standardization work.

1.1. 
1. 
2. 
1.1. 
Conclusion
In this contribution, the timing alignment issues are discussed. The following proposals are suggested: 
Observation 1: Because DFN period 10240ms is not divisible by synchronization period 200ms, synchronization subframes has different relative offsets to the first subframe in different DFN period.

Proposal 1: When UE can derive the current absolute timing from GNSS or GNSS-equivalent directly, the synchronization subframe can be calculated as.
Proposal 2: VFN is defined to identify the different timing offset in DFN period of VFN period and VFN is integer value from 0 to 4. VFN period 51200ms is calculated as least common period of DFN period 10240ms and synchronization period 200ms.
Proposal 3: VFN is added in the PSBCH content in 3 bits.
Proposal 4: When UE cannot derive the current absolute timing Tcurrent from GNSS or GNSS-equivalent directly, UE can receive VFN from PSBCH and calculate the synchronization subframe with VFN as follows:

 or

.
Proposal 5: RAN 2 is kindly to be asked to take above proposals into consideration in the standardization work.
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