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Among the objectives of the PC5 based V2V WID [1], one related to synchronization is:
1) To specify enhancement to sidelink synchronization procedure necessary for V2V services [RAN1, RAN2]
a) Low priority is given to enhancements to Rel-12/13 SLSS-based synchronization.
Synchronization has been discussed during the V2V SI stage. The following agreement has been included in TR [2]:
GNSS or GNSS-equivalent is at the highest priority of synchronization source for time and frequency when the vehicle UE directly receives GNSS or GNSS-equivalent with sufficient reliability and the UE does not detect any cell in any carrier.
eNB 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
RAN1 assumes that eNBs may not always have GNSS or GNSS-equivalent
Perspectives for further study:
· eNB assistant information, e.g.
· Timing offset to UTC
· TA or eNB location
· others
There can be two synchronization sources: eNB, GNSS or GNSS-equivalent. The eNB could be configured as a synchronization source for an in-coverage (IC) UE; and GNSS could be synchronization source for IC UE or OOC UE. If eNB has no GNSS, there will be a timing mismatch between these two synchronization sources. This implies that a vehicle cannot receive signals from other vehicles at the same time. In this contribution, we discuss how to align timing between different synchronization sources. 
Discussion
Synchronization source
It was agreed that GNSS has higher priority when there is no cell detected in any carrier, such as out-of-coverage scenario. Also, the eNB can instruct a UE to prioritize eNB or GNSS as a synchronization source when the eNB is deployed in that carrier, such as in-coverage scenario. Therefore, there are two synchronization sources for PC5-based V2V. An illustration of two synchronization sources is shown in Figure 1. V2V operates on a dedicated carrier in scenario 1 and shared carrier in scenario 2. In both scenarios, GNSS is the synchronization source for V3 and both GNSS and eNB could be configured as the synchronization source for V1, V2 and V4. 
If eNB is not assumed to be synchronized to GNSS, there could be a timing difference between the eNB and GNSS, as shown in Figure 2. If the eNB is prioritized as the synchronization source for in-coverage UEs, then V1 cannot receive signals from V2, V3 and V4 at the same time due to the timing difference between eNB1, eNB2 and GNSS. This will introduce latency in message reception or even message loss [4]. If GNSS is prioritized as the synchronization source for IC UEs, all IC and OOC UEs are time aligned. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Observation 1: An eNB is recommended to prioritize GNSS as synchronization source in the scenario with unsynchronized eNBs.  
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[bookmark: _Ref439949724]Figure 1. Illustration of two synchronization sources.
[image: ]
[bookmark: _Ref439950152]Figure 2. Timing difference between eNBs and GNSS.
Resource control
If GNSS is configured as the synchronization source, the eNB can control resources to some extent. The following was agreed in [2]: 
· Network control aspect
· At least when a UE is inside coverage of an eNB on the carrier where PC5 is performed (i.e., Uu and PC5 share the carrier), the eNB controls at least some parameters that affects UE resource selection.
· When a UE operates PC5 in a carrier where no cell is detected but it is inside coverage of an eNB in another carrier (i.e., different carriers for Uu and PC5), network may control at least some parameters that affects UE resource selection.
In Rel-12 D2D, the eNB configures resource pool and scheduling resource for D2D through SIB and DCI, respectively. The configuration is based on SFN (System Frame Number) [3]. If this scheme is applied to PC5-based V2V, there could be some potential issues when GNSS is configured as the synchronization source and there is timing difference between the eNB and GNSS.
For example, assume GNSS is configured as synchronization source for the two scenarios and both eNB1 and eNB2 configure resource pools starting from SFN K+0. Also assume that DFN (Direct Frame Number) is the baseline timing. V1, using the timing of eNB1, will take DFN 0 as the first subframe of resource pool but V2 will take DFN 1 as the first subframe of its resource pool. Due to the mismatch of frame numbering, V2V devices in one cell may be unable to receive signals from V2V devices from other cells. In addition, V2V transmissions from one cell may interfere with cellular operations in other cells.
Observation 2: If there is a timing difference between eNB and GNSS, SFN-based configuration and scheduling will cause different understanding among vehicles.
One possible solution for this potential issue is a DFN-based resource pool configuration and resource scheduling because DFN can be time aligned. In scenario 1, if both eNB1 and eNB2 configure resource pools starting from DFN 0, no matter when V1 and V2 receive their configurations, they have same understanding for the resource pool starting from DFN 0. There is no misunderstanding between vehicles. This solution can also apply for scenario 2. 
Proposal 1: DFN-based resource pool configuration and scheduling can be used for PC5-based V2V in the scenario with unsynchronized eNBs and GNSS is prioritized as synchronization source.
In the shared carrier scenario (scenario 2), if the resource pool configuration is based on DFN, each eNB should know the timing difference between the DFN and its SFN so that it can reserve resources according to that difference. If eNB does not have a GNSS or GNSS equivalent, it can configure UE to measure and report the timing difference between DFN and SFN. 
Observation 3: An eNB should know the timing difference between SFN and DFN if DFN-based configuration and scheduling is applied.
Proposal 2: DFN-based resource pool configuration and scheduling can be used for PC5-based V2V. 
Proposal 3: eNB can configure UE to measure and report timing difference between SFN and DFN.

[bookmark: _Ref129681832]Conclusions
In this paper, we discuss the synchronization time alignment between different synchronization sources. Based on the analysis, we have the following observations and proposals:
Observation 1: An eNB is recommended to prioritize GNSS as synchronization source in the scenario with unsynchronized eNBs. 
Observation 2: If there is a timing difference between eNB and GNSS, SFN-based configuration and scheduling will cause different understanding among vehicles.
Observation 3: An eNB should know the timing difference between SFN and DFN if DFN-based configuration and scheduling is applied.
Proposal 1: DFN-based resource pool configuration and scheduling can be used for PC5-based V2V in the scenario with unsynchronized eNBs and GNSS is prioritized as synchronization source.
Proposal 2: DFN-based resource pool configuration and scheduling can be used for PC5-based V2V. 
Proposal 3: eNB can configure UE to measure and report timing difference between SFN and DFN.
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