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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Synchronization has been discussed during the V2V SI stage. The following agreement is in the TR [1]:
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
In RAN1 #85 meeting, the following agreements for SPS were achieved [2]. 
· Support cross carrier scheduling for sidelink SPS and dynamic scheduling for V2V with mode-1
· PC5-based V2V design will support the multiple-operator scenario but not be optimized for it.
· Details FFS, e.g.,
· How to handle timing difference between eNB timing and PC5 timing, when it exists
· PC5 resource partitioning among multiple operators
· Resource coordination across operators is out of 3GPP scope.
There can be two synchronization sources: eNB and GNSS/GNSS-equivalent. For cross carrier scheduling, the resources on the PC5 carrier is scheduled by the Uu carrier. The synchronization source for Uu carrier can be eNB while GNSS is used for PC5 carrier. If eNB timing is not based on GNSS, there will be a timing difference between these synchronization sources. In this contribution, we discuss how to handle this timing difference. 
Discussion
With the cross carrier scenario, the resource pool configuration and resource scheduling on the PC5 carrier is done by eNB through SIB and DCI, respectively. GNSS can be configured as synchronization source for PC5 carrier, and eNB as synchronization source for Uu carrier. Assuming the eNB is not synchronized to GNSS, there could be a timing difference between the eNB and GNSS, as shown in Figure 1.


[bookmark: _Ref456852162]Figure 1. Timing difference between eNBs and GNSS.
In Figure 1, the cellular link is on carrier 1 while PC5 is on carrier 2. GNSS is the synchronization source for PC5 carrier. V1 and V2 are IC UEs and V3 is an OOC UE. V1 is scheduled by eNB1, V2 by eNB2. eNB1 and eNB2 are not synchronized to each other, and neither is synchronized to GNSS. Figure 1(b) shows the timing difference between eNBs and GNSS. The following potential issues are:
· Mismatch between SFN and DFN (Direct Frame Number). 
· The frame number on PC5 carrier is based on DFN. If GNSS is configured as synchronization source for PC5 carrier, the DFN timing is aligned to GNSS timing. The configuration/scheduling of eNB is based on SFN, which is aligned to eNB timing. If there is timing difference between eNB and GNSS timing, there will be mismatch between SFN and DFN.
· Timing difference among unsynchronized eNBs.
· If eNBs are not synchronized to each other, there will be a timing difference. For example, if both eNB1 and eNB2 configure resource pools starting from SFN K+0, there is misalignment of less than a subframe, as shown in Figure 1. Also assume that DFN 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 in 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 1: If there is a timing difference between eNB and GNSS, there is a mismatch between SFN and DFN. There is a timing ambiguity for the V-UEs.
One possible solution for this potential issue is to use a DFN-based resource pool configuration and resource scheduling because DFN is time aligned on PC5 carrier. In Figure 1, if both eNB1 and eNB2 configure resource pools starting from DFN 0, regardless of when V1 and V2 receive their configurations, they each understand the resource pool starts from DFN 0. 
Proposal 1: DFN-based resource pool configuration and scheduling can be used for PC5-based V2V in the case that there is a timing difference between eNBs and GNSS.
If the resource pool configuration is based on DFN, each eNB should know the timing difference between the DFN and its SFN, especially in case of V2V and Uu in shared carrier, so that it can reserve corresponding SFN for V2V. If the eNB does not have GNSS timing, it can configure UE to measure and report the timing difference between eNB and GNSS. 
Proposal 2: an eNB can configure a UE to measure and report timing difference between eNB and GNSS.
If V2V operation is based on GNSS timing and Uu operation is based on eNB timing, each UE needs to maintain two sets of timing. For RRC-connected UEs, UL TA can be obtained from eNB, based on which the timing of eNB can be derived.


[bookmark: _GoBack]where  is the DL timing,  is the eNB timing,  is the GNSS timing,  is the timing difference between eNB and GNSS and will be reported to eNB. 
[bookmark: _Ref129681832]Conclusions
In this paper, we discuss how to handle the timing difference between eNB and GNSS. Based on the analysis, we have the following observations and proposals:
Observation 1: If there is a timing difference between eNB and GNSS, there is a mismatch between SFN and DFN. There is a timing ambiguity for the V-UEs.
Proposal 1: DFN-based resource pool configuration and scheduling can be used for PC5-based V2V in the case that there is a timing difference between eNBs and GNSS.
Proposal 2: an eNB can configure a UE to measure and report timing difference between eNB and GNSS.
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