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1 Introduction
At RAN1 #82bis meeting [1], the synchronization for V2X was discussed, and the following agreements were reached: 
· 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

· Priority of GNSS or GNSS-equivalent for other cases needs further study

· Priority of other synchronization source needs further study

· Scenarios with there is no eNB coverage and GNSS or GNSS-equivalent coverage need to be studied
· RAN1 will not optimize only for this scenario
· This scenario needs to be supported from the synchronization perspective
· 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.

· Timing offset to UTC

· TA or eNB location

· others

In this contribution, we continue to discuss the remaining issues for V2X synchronization.
2 Discussion on synchronization for V2X
2.1 Timing clock in the vehicle synchronization source
In [2] a GNSS-equivalent synchronization source was proposed. Very stable GNSS sources can be built. However, achieving high accuracy synchronization has some impacts on the cost and power consumption, and it may be unreasonable to assume that high accuracy UEs will always be used for synchronization. Consequently, we suggest to use the synchronization performance (accuracy) as a parameter to determine the priority of the synchronization source. 
In the following sections, according to the agreement of the last meeting, we investigate the changes needed to D2D synchronization for V2X synchronization.
2.2 Discussion on synchronization for in-coverage
eNBs may follow different time reference: The timing of eNBs is decided by operators and is an implementation issues; 
· Some networks may be asynchronous
Hence, if two vehicle UEs synchronize with two different eNBs, their timing might be different. This will have negative impact on the V2V performance. 
If PC5-based V2V communication uses a dedicated frequency band, timing can be decoupled, and different from the Uu link carrier. If the V2V PC5 links use the same time reference regardless of the synchronization source, the system can function, provided that accuracy is good enough. Thus, it makes sense to use the UTC timing for all vehicle UES regardless of the synchronization source it is obtained from.
Proposal 1: for the V2V dedicated carrier, UTC timing is used regardless of the synchronization source
The implication of this proposal is that there will be some vehicle UEs whose PC5 timing is different from their Uu link timing. This will require the serving eNB to indicate the timing difference (offset) to the Vehicle UEs. 
Proposal 2: for the V2V dedicated carrier, the serving eNB indicates the timing difference between the Uu and PC5 link.
For the shared carrier, if the same timing is used for Uu link and PC5, there will be timing differences for some cases [3]

 REF _Ref433490587 \r \h 
[4]. One way to overcome this problem could be to indicate the TA or, to be aware of the eNB locations. This information can be received from the serving eNB. Note that in such a case, there might be some collision between UE cellular transmission and V2V PC5 transmission. Some new dropping rules should thus be defined. Note however that for synchronous networks, there is no need for such rules. 
Proposal 3: for the V2V shared carrier, the vehicle UEs can use Uu timing of the serving eNB as its V2V PC5 timing. 
2.3 Discussion on synchronization for out-of-coverage

For out-of-coverage, the situation is a little different from in-coverage. The main different is that there will be many different cases where different Vehicle UEs have different type synchronization source. 

[image: image1.emf]In-Coverage area

Out-of-Coverage area with GNSS

Out-of-Coverage area without GNSS

UE1

UE2

UE3

UE4

UE5

UE6


Figure 1: different Vehicle UEs have different synchronization source for out-of-coverage
For out-of-coverage, as shown in figure 1, different UEs will have different coverage states according to their location and environment. UE1 and UE2 are in-coverage of eNB. UE3 and UE4 are out-of-coverage but they can receive the GNSS signal. UE5 and UE6 are out-of-coverage and they cannot receive GNSS signals. UE4 can receive the UE2 SLSS and UE5 can receive both UE4 and UE2 SLSSs. UE6 does not receive any synchronization signal. Such a UE has no choice but to be an independent synchronization source. 
For the out-of-coverage scenario, the following priority rules can be used:

· P1: GNSS synchronization source. Since the Vehicle UEs cannot receive the eNB signal, the GNSS should be the highest synchronization source. As UE3 and UE4 can receive the GNSS signal directly, they should choose GNSS as their synchronization source.
· P2: synchronization derived from a source using GNSS (UE3 and UE4). For out-of-coverage scenarios, not all Vehicle UEs (UE4 and UE5) can obtain eNB timing (UE2). In such a case, getting synchronization from a source using GNSS is the best choice.
· P3: synchronization derived from a source using eNB timing (UE2). When GNSS-based synchronization is not available, eNB timing is the next best choice. 
· P4: UE local timing synchronization source (UE6). When nothing else is available, a UE should derive timing received by another UE acting as a local synchronization source.
Proposal 4: for out-of-coverage, the priority of synchronization sources is as follows:
· P1: GNSS synchronization source. 
· P2: synchronization derived from a source using GNSS 

· P3: synchronization derived from a source using eNB timing 

· P4: UE local timing synchronization source 

Since different synchronization sources have different priorities, it is necessary that the transmitter indicates which synchronization source it uses. 
Proposal 5: for out-of-coverage, the synchronization source type should be indicated by the synchronization transmitter in PC5 link.

2.4 Transmission of SLSS
SLSS need to be transmitted for for in-coverage and out-of-coverage cases: some UEs will be in situations where they do not have eNB and/or GNSS synchronization. In such a case, the vehicles have to synchronize with other UEs. Fortunately, such a mechanism was standardized in Rel-12 and can be reused for V2V.. D2D synchronization relies on UEs transmiting SLSSs, thus vehicle UEs need to transmit SLSS signals as well. The rules to decide who and when to transmit SLSS can be the same as for Rel-12 D2D.
Proposal 6: Vehicle UEs transmit SLSS using the rules defined for D2D
3 Conclusions

In this contribution, we discussed the remaining issues for V2X synchronization, and we have the following conclusion: 
Proposal 1: for the V2V dedicated carrier, UTC timing is used regardless of the synchronization source
Proposal 2: for the V2V dedicated carrier, the serving eNB indicates the timing difference between the Uu and PC5 link.
Proposal 3: for the V2V shared carrier, the vehicle UEs can use Uu timing of the serving eNB as its V2V PC5 timing. 
Proposal 4: for out-of-coverage, the priority of synchronization sources is as follows:

· P1: GNSS synchronization source. 
· P2: synchronization derived from a source using GNSS 

· P3: synchronization derived from a source using eNB timing 

· P4: UE local timing synchronization source 

Proposal 5: for out-of-coverage, the synchronization source type should be indicated by the synchronization transmitter in PC5 link.

Proposal 6: Vehicle UEs transmit SLSS using the rules defined for D2D
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