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1. Introduction 
In the RAN1 #82b meeting, the following agreements were made for the topic of Synchronization [1].
Agreements:
· “Vehicle” UE indicates UE in PC5 V2V. This terminology is only used for discussion convenience.

· 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

· 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 provide our views on the remaining issues of the synchronization enhancement for V2X.
2. Priority of GNSS or GNSS-equivalent
Synchronization source selection has been specified for D2D in order to cope with various network operations. In general, however, since V2X operation scenarios and deployment assumptions are significantly complicated when compared with D2D, further enhancements are indispensable. As vehicles with GNSS functionalities are growing popular these days, the availability of GNSS helps the improvement of the V2X synchronization reference, which allows a global synchronization over the V2X communications. 
In the previous meeting, it has been agreed that GNSS or GNSS-equivalent is at the highest priority of the synchronization source for time and frequency in the case of “no eNB coverage scenario.” On the other hand, when PC5 is available with the eNB, it has been agreed that the eNB instructs the vehicle UE to prioritize either eNB-based synchronization or GNSS/GNSS-equivalent. 

For the prioritization of the synchronization signals, above two and other scenarios are summarized in Table 1, with regard to the availability of GNSS or GNSS equivalent and the availability of eNB.
Table 1. Prioritized signal in each operation scenario

	
	No eNB 
	eNB is on PC5
	eNB is on non PC5

	No GNSS or GNSS-equivalent
	(1) FFS
	(2) eNB
	(2) eNB

	GNSS or GNSS equivalent
	GNSS
	eNB instructs GNSS or eNB
	(3) eNB instructs GNSS or eNB


In the Table 1, “eNB is on non PC5” is assumed that PC5 operation is operated on the dedicated spectrum where no eNBs are deployed and Uu is operated on the operator spectrum which is different to dedicated spectrum.
For (1)-(3) above, we have the following observations:

(1)
When there is no GNSS/GNSS equivalent and no eNB can be detected in any carriers, other synchronization source should be required. We will discuss this issue in the next section.
(2)
When there is no GNSS/GNSS equivalent, and the eNB can be detected, the eNB signal should be prioritized.

(3)
When there is GNSS/GNSS equivalent, and the eNB is on the carrier where vehicle UE does not operates on PC5 V2V, the same instruction from the eNB can be used.
3. Priority of synchronization source
As described in the previous section, the priority of other synchronization source should be provided in the case when no GNSS or GNSS equivalent and no eNB can be detected in any carriers. In such a case, we can assume the synchronization sources, as shown in Figure 1.

[image: image1]
Figure 1: Type of synchronization sources

· Indirect eNB / GNSS or GNSS equivalent signal

(A) UE1: synchronized to eNB or GNSS or GNSS-equivalent directly.

(B) UE2: synchronized to UE1.
· UE internal clock signal

(C) UE3: generates synchronization signal based on the internal clock.
Similar to Rel-12 D2D, the UE that is synchronized to other synchronization signal should transmit SLSS based on that synchronization source signal for the target UEs, which cannot directly receive the synchronization source signals. 

Proposal 1: A vehicle UE that can directly receive eNB or GNSS/GNSS-equivalent signal should transmit at least SLSS based on their synchronization signal.
In our view, (A)>(B)>(C) should be given as the priority when no GNSS/GNSS equivalent and no eNB can be detected in any carriers. In the UE-type RSU, however, since it is assumed stationary, it should be prioritized higher than normal UEs.
Proposal 2: In the case when no GNSS/GNSS equivalent and no eNB can be detected in any carriers, priority (UE1: synchronized to eNB or GNSS or GNSS-equivalent directly)>(UE2: synchronized to UE1)>(UE3: generates synchronization signal based on the internal clock) should be given.

In the case of multi hopping, the number of hops should be carefully considered because the accumulated time and frequency errors are of great concern. Thus, it should be needed to restrict the number of hops, to make the errors acceptable.
Proposal 3: When implemented with multi-hopping, the number of hops should be appropriately restricted.
4. eNB assumptions
From the agreements in the previous meeting, it is considered that RAN1 assumes that eNBs may not always have a GNSS or GNSS-equivalent. It is also considered that asynchronous networks should be supported. These assumptions will result in several issues in the synchronization operation.
Since the eNB-based synchronization is provided based on the Uu synchronization signal, when the eNB has a GNSS/GNSS-equivalent, it can calculate the offset value between the GNSS/GNSS-equivalent and Uu synchronization so that the UEs under the eNB can synchronize with the GNSS/GNSS-equivalent through the offset value.

If eNB does not have a GNSS/GNSS-equivalent, the problem would be that the eNB cannot calculate the offset value for the UE. One possible way to solve this problem could be that the offset calculation is done by other nodes and share the information with the eNB that does not have the GNSS/GNSS-equivalent. For example, when the network is synchronous, it would be possible that one of the eNBs that has the GNSS/GNSS-equivalent can calculate the offset value and shares the information among the eNBs. If no eNBs have the GNSS/GNSS-equivalent, it could be possible that the calculation is done by the UEs that are in-coverage and have the GNSS/GNSS-equivalent.

When the network is asynchronous, some timing offset information among the eNBs should also be shared among those eNBs in order to compensate the time differences among the asynchronous eNBs. Alternatively, the eNBs can indicate the UEs to use the GNSS/GNSS equivalent as the reference signal for the PC5 communication instead of the eNB-based synchronization.
Proposal 4: If the eNB does not have the GNSS/GNSS-equivalent and the network is asynchronous, a timing offset value between the asynchronous networks should be signalled together with the timing offset between the eNB and GNSS/GNSS-equivalent.
Proposal 5: For all the eNBs that do not have the GNSS/GNSS-equivalent, timing offset sharing mechanisms should be further studied.

5. Conclusion

This document provides our views on the remaining issues on PC5 synchronization. The following proposals are made:
Proposal 1: A vehicle UEs that can directly receive eNB or GNSS/GNSS-equivalent signal should transmit at least SLSS based on their synchronization signal.
Proposal 2: In the case when no GNSS/GNSS equivalent and no eNB can be detected in any carriers, priority (UE1: synchronized to eNB or GNSS or GNSS-equivalent directly)>(UE2: synchronized to UE1)>(UE3: generates synchronization signal based on the internal clock) should be given.

Proposal 3: When implemented with multi-hopping, the number of hops should be appropriately restricted.
Proposal 4: If the eNB does not have the GNSS/GNSS-equivalent and the network is asynchronous, a timing offset value between the asynchronous networks should be signalled together with the timing offset between the eNB and GNSS/GNSS-equivalent.
Proposal 5: For all the eNBs that do not have the GNSS/GNSS-equivalent, timing offset sharing mechanisms should be further studied.
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