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Introduction
In RAN1 #82bis meeting, following agreements were achieved [1]:
· RAN1 assumes that eNBs may not always have GNSS or GNSS-equivalent
· Asynchronous network case should be supported.
· Perspectives for further study:
· eNB assistant information, e.g.
· [bookmark: OLE_LINK19][bookmark: OLE_LINK20]Timing offset to UTC
· TA or eNB location
· others
And in RAN1 #84 meeting, following agreements were achieved [2]:
· [bookmark: OLE_LINK33][bookmark: OLE_LINK34]Synchronization resource period for this new PSBCH format/synchronization signal is X(FFS) ms.
· Companies are encouraged to investigate the PSBCH periodicity from 40 ~ 640.
The modified synchronization period are discussed in [3]. As a companion contribution, considerations on the frame and subframe of PC5-based V2V are presented. 
Discussion
1. 
2. 
2.1. Subframe
In [4], the priority order of synchronization source priorities related to PC5-based V2V UEs is proposed. 
In eNB-based synchronization, the priority of in-coverage UEs is only Priority 1. Reusing R12 D2D, one synchronization subframe can be configured by eNB with system information in coverage. Priority 1 UEs in same cell will transmit the synchronization information in the same synchronization subframe.
Because of half-duplex limitation, transmitting and receiving subframe cannot be the same subframe. Reusing R12 D2D, partial-coverage UE will select the subframe in which to transmit the SLSS according to the preconfigured sidelink parameters, such that the subframe timing is different from the SLSS of the selected SyncRef UE.
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]In GNSS-based synchronization, the priorities of in-coverage UEs are Priority 1 and Priority 3, and the priorities of partial-coverage or out-of-coverage UEs are Priority 2 and Priority 3. Because of half-duplex limitation, with an additional synchronization subframe different from R12 D2D, two synchronization subframes are configured with system information in coverage.  Same as R12 D2D, pre-configuration of two synchronization subframes scheme is reused for partial-coverage and out-of-coverage UEs. 
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]Proposal 1: The configuration of synchronization subframe is proposed as follows:
· [bookmark: OLE_LINK29][bookmark: OLE_LINK30]In coverage:
· eNB-based synchronization: 
· Reusing R12 D2D, only one synchronization subframe can be configured by eNB with system information in coverage.
· GNSS-based synchronization: 
· Different from R12 D2D, two synchronization subframes can be configured by eNB with system information in coverage.
· Same as R12 D2D, pre-configuration of two synchronization subframes scheme is reused for partial-coverage and out-of-coverage UEs. 
·  Partial coverage and out of coverage:
· [bookmark: OLE_LINK147][bookmark: OLE_LINK148]Same as R12 D2D, pre-configuration of two synchronization subframes scheme is reused for partial-coverage and out-of-coverage UEs. 
2.2. Frame
[bookmark: OLE_LINK135][bookmark: OLE_LINK136][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Because syncOffsetIndicator indicates the offset of the in-coverage resource pool relative to SFN 0 and out-of-coverage resource pool relative to DFN 0 [5][6], the resource pool and the scheduling resources of R12 D2D are based on SFN and DFN [5][6].
As the proposal in [3], because V2V and D2D are distinguished with different carriers, DFN of vehicles is decoupled from DFN of cellular UEs.
[bookmark: OLE_LINK143][bookmark: OLE_LINK144]With the capability of receiving reliable GNSS signals, when out of coverage, DFN of vehicles directly synchronized with GNSS may mismatch with DFN of cellular UEs. It is not suitable for out of coverage vehicle to still use DFN as the frame number.
[bookmark: OLE_LINK145][bookmark: OLE_LINK146]The synchronization information is scheduled in subframes indicated by syncOffsetIndicator [5]: 
(10*DFN + subframe number) mod 40 = syncOffsetIndicator.
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]In RAN1 #84 meeting, synchronization resource period for PC5-based V2V is encouraged to be investigated from 40ms to larger period 640ms. And in [5], with the consideration of overhead, stronger computing, without consideration of power saving and avoidance of periodic collision to the V2V services subframe, the synchronization resource period is proposed N*100ms (N>=1).
Because the synchronization resource period maybe changed from 40ms, the DFN is not proper for the synchronization subframe of vehicles.
In summary, DFN of R12 D2D is not suitable for PC5-based V2V. A separate VFN (PC5 V2V Frame Number) is suggested to be used for PC5 V2V.
Proposal 2: DFN of R12 D2D is not suitable for PC5-based V2V. A separate VFN (PC5 V2V Frame Number) is suggested to be used for PC5 V2V.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK9][bookmark: OLE_LINK10]eNB can instructs vehicle UE to prioritize either eNB-based synchronization or GNSS or GNSS-equivalent at least when the eNB is in the carrier where the vehicle UE operates on PC5 V2V. Reusing R12 D2D, when eNB instructs eNB-based synchronization is prioritized, VFN can be derived from SFN in coverage. Because eNB may receive reliable GNSS signal, SFN can be derived from UTC. Thus, VFN is obtained from UTC. When UE can directly synchronize with GNSS in GNSS or GNSS-equivalent based synchronization, GNSS is considered as timing reference and then VFN can be derived from UTC with GNSS no matter UE is in-coverage or out-of-coverage. When UE cannot directly synchronize with GNSS in GNSS or GNSS-equivalent based synchronization, VFN can be forwarded from the higher priority UE to the lower priority UE. When out-of-coverage UE is independent synchronization source, VFN is derived with implementation issue, such as local oscillator.
Proposal 3: VFN can be derived with the following method:
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]In coverage:
· eNB-based synchronization: Reusing R12 D2D, VFN can be derived from SFN;
· GNSS-based synchronization: When UE can directly synchronize with GNSS, VFN can be derived from UTC with GNSS. When UE cannot directly synchronize with GNSS in GNSS or GNSS-equivalent based synchronization, VFN can be forwarded from the higher priority UE to the lower priority UE;
· Partial-coverage:
· VFN can be forwarded from in-coverage UE to patial-coverage UE;
· Out-of-coverage:
· [bookmark: OLE_LINK15][bookmark: OLE_LINK16]When UE cannot directly synchronize with GNSS in GNSS or GNSS-equivalent based synchronization, VFN can be forwarded from the higher priority UE to the lower priority UE;
· [bookmark: OLE_LINK23][bookmark: OLE_LINK24]When out-of-coverage UE is independent synchronization source, VFN is derived with implementation issue, such as local oscillator;
In R12 D2D, resource pool is configured based on SFN and DFN. In asynchronous network, SFN may be different among neighboring eNBs. With same understanding with VFN, PC5 V2V resource pool can be relative to VFN.
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Proposal 4: Resource pools of PC5 V2V can be configured with VFN.

If eNB can receive reliable GNSS signal, SFN and VFN can be derived from UTC. eNB assistant information for UE to improve the timing alignment can be transmitted, such as timing offset to UTC, the difference between VFN and SFN, TA/2, etc [7]. 
Proposal 5: eNB assistant information for UE to improve the timing alignment can be transmitted, such as timing offset to UTC, the difference between VFN and SFN, TA/2, etc.

1.1. 
3. 
4. 
1.1. 
Conclusion
In this contribution, the timing alignment issues are discussed. The following proposals are suggested: 
Proposal 1: The configuration of synchronization subframe is proposed as follows:
· In coverage:
· eNB-based synchronization: 
· Reusing R12 D2D, only one synchronization subframe can be configured by eNB with system information in coverage.
· GNSS-based synchronization: 
· Different from R12 D2D, two synchronization subframes can be configured by eNB with system information in coverage.
· Same as R12 D2D, pre-configuration of two synchronization subframes scheme is reused for partial-coverage and out-of-coverage UEs. 
·  Partial coverage and out of coverage:
Same as R12 D2D, pre-configuration of two synchronization subframes scheme is reused for partial-coverage and out-of-coverage UEs.
Proposal 2: DFN of R12 D2D is not suitable for PC5-based V2V. A separate VFN (PC5 V2V Frame Number) is suggested to be used for PC5 V2V.
Proposal 3: VFN can be derived with the following method:
· In coverage:
· eNB-based synchronization: Reusing R12 D2D, VFN can be derived from SFN;
· GNSS-based synchronization: When UE can directly synchronize with GNSS, VFN can be derived from UTC with GNSS. When UE cannot directly synchronize with GNSS in GNSS or GNSS-equivalent based synchronization, VFN can be forwarded from the higher priority UE to the lower priority UE;
· Partial-coverage:
· VFN can be forwarded from in-coverage UE to patial-coverage UE;
· Out-of-coverage:
· When UE cannot directly synchronize with GNSS in GNSS or GNSS-equivalent based synchronization, VFN can be forwarded from the higher priority UE to the lower priority UE;
· When out-of-coverage UE is independent synchronization source, VFN is derived with implementation issue, such as local oscillator;
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Proposal 4: Resource pools of PC5 V2V can be configured with VFN.
Proposal 5: eNB assistant information for UE to improve the timing alignment can be transmitted, such as timing offset to UTC, the difference between VFN and SFN, TA/2, etc.
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