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Introduction
In RAN1 #83 meeting, following agreements were achieved [1]：
· Priority of synchronization source includes at least transmission timing reference.
· FFS whether there is any differentiation depending on whether eNB is synchronized to GNSS in the corresponding SLSS transmissions
· SLSS transmitted from out-coverage UE directly synchronized with GNSS or GNSS equivalent with sufficient reliability is differentiated from SLSS_net with in coverage indicator 1
And in R1-157764 [2], the following agreements and working assumption are listed: 
· At least reuse Priority order SLSS_net with in coverage indicator 1, SLSS_net with in coverage indicator 0, SLSS_oon
· FFS: any new priorities can be defined if benefits are shown
· FFS: GNSS or GNSS equivalent Priority
· Working assumption: Priority of SLSS transmitted from in-coverage UE directly synchronized with GNSS or GNSS equivalent with sufficient reliability is the same as that of  SLSS_net with in coverage indicator 1
In WID RP-152293 [3], the detailed objectives of V2X synchronization are as follows:
· To specify enhancement to sidelink synchronization procedure necessary for V2V services [RAN1, RAN2]
· Low priority is given to enhancements to Rel-12/13 SLSS-based synchronization.
The detailed synchronization procedure and mechanisms have been proposed in [4]. According to the latest agreements, we modify the synchronization source priorities and present our view on synchronization procedure for LTE V2X in this contribution.  The synchronization procedure for GNSS or GNSS equivalent based and eNB based are proposed.
Discussion
1. 
2. 
1.1. 
2.1. GNSS or GNSS-equivalent based synchronization
When eNB instructs vehicle UE to prioritize GNSS or GNSS-equivalent based synchronization, though eNB can provide the synchronization information with PSS/SSS, eNB is NOT considered as synchronization source with the following reasons:
1) eNB cannot always receive GNSS or GNSS-equivalent signal directly, and the deviation of the synchronization between the eNB and GNSS may be large. If eNB is regarded as synchronization source, the uniform synchronization and the fast convergence cannot be guaranteed to be achieved.
2) Even if eNB can receive GNSS or GNSS-equivalent signal successfully, the synchronization deviation between the UEs of the coverage edge and GNSS may be large because of the propagation delay [5][6].
3) In [5][7]，the synchronization deviation between eNBs may be large.
Proposal 1: When eNB instructs vehicle UE to prioritize GNSS or GNSS-equivalent based synchronization, eNB is not included as synchronization source.
Because eNB is considered as synchronization source in R12/13 D2D, in-coverage UEs can synchronize with eNB, and out-of-coverage UEs can synchronize with the partial-coverage UEs or other out-of-coverage UEs. When out-of-coverage UEs cannot synchronize with any UEs, out-of-coverage UEs should be independent synchronization source with local oscillator.
In LTE V2X, when eNB instructs UEs to prioritize GNSS or GNSS-equivalent based synchronization, as in proposal 1, eNB is NOT considered as synchronization source. Because GNSS or GNSS-equivalent UEs may be in-coverage or out-of-coverage, UEs synchronizing with the GNSS or GNSS-equivalent signal directly or indirectly are considered as irrelevant to the coverage state. It is NOT necessary to divide the synchronization source priority according to the coverage state, such as in coverage, partial coverage and out of coverage.
Proposal 2: When eNB instructs vehicle UE to prioritize GNSS or GNSS-equivalent based synchronization, the synchronization source is not prioritized because of the coverage state.
When UE using GNSS or GNSS equivalent based synchronization, synchronization source priority is related to the synchronization accuracy from GNSS or GNSS-equivalent directly or indirectly. In [6], the synchronization accuracy is classified into the following categories:
1) Zero-hop: UE directly receives GNSS or GNSS-equivalent with sufficient reliability.
2) One-hop: UE cannot directly receive GNSS or GNSS-equivalent with sufficient reliability, but UE can synchronize with the zero-hop UE.
3) Two-hop: UE cannot directly receive GNSS or GNSS-equivalent with sufficient reliability, but UE can synchronize with the one-hop UE.
4) More than two-hop: UE cannot directly receive GNSS or GNSS-equivalent with sufficient reliability, but UE can synchronize with the two-hop or more than two-hop UE.
5) Independent synchronization source: UE cannot directly receive GNSS or GNSS-equivalent with sufficient reliability, and UE cannot synchronize with any above UEs. The synchronization accuracy is related to the local oscillator.
Because of the limitation of signaling overhead and cumulative error, synchronization source priority has to be evaluated with the reasonable accuracy.  Because the synchronization accuracy of 3), 4) and 5) are low, 3), 4) and 5) can be merged into the same synchronization source priority.
In summary, three synchronization source priorities of UEs with GNSS or GNSS-equivalent based synchronization are proposed as follows:
1) Priority 1: (GNSS Zero-hop)
UE directly receives GNSS or GNSS-equivalent with sufficient reliability.
2) Priority 2: (GNSS One-hop)
UE cannot directly receive GNSS or GNSS-equivalent with sufficient reliability, but UE can synchronize with Priority 1 UE.
3) Priority 3: UE cannot directly receive GNSS or GNSS-equivalent with sufficient reliability, and there are three conditions related to the reception of the synchronization signal:
· UE can synchronize with Priority 2 UE.
· UE can synchronize with Priority 3 UE.
· Independent synchronization source.
Proposal 3: The priority order of synchronization source priorities of GNSS or GNSS-equivalent based synchronization is proposed as follows: Priority 1 (UE directly receives GNSS or GNSS-equivalent) > Priority 2 (UE cannot directly receive GNSS or GNSS-equivalent with sufficient reliability, but UE can synchronize with the Priority 1 UE) > Priority 3 (other conditions).
In order to explain synchronization source priorities of GNSS or GNSS-equivalent based synchronization, Figure 1 shows an example of synchronization source priorities of GNSS or GNSS-equivalent based synchronization: 



[bookmark: _Ref441154516]Figure 1: Example of synchronization source priorities of GNSS or GNSS-equivalent based synchronization
2.2. eNB-based Synchronization
In [1][2], when eNB instructs UE to use eNB-based synchronization, if PC5 and Uu are in same band particularly co-channel and adjacent carriers, GNSS or GNSS-equivalent UE will not be considered as synchronization source in coverage. The in-coverage UE synchronize with eNB and the synchronization source priority is 1a [8].
The synchronization source priorities of out-of-coverage UE using eNB-based synchronization are same as UE using GNSS or GNSS-equivalent based synchronization, and divided into three priorities with different synchronization accuracy.
In Figure 2, if Priority 1a is lower than Priority 1, the partial-coverage UE will synchronize with out-of-coverage Priority 1 UE. When the deviation of frequency and timing is large between Priority 1 and Priority 1a, the partial coverage UE will interfere with in-coverage UE.


[bookmark: _Ref440533343]Figure 2: Partial-coverage UE synchronize with out-of-coverage Priority 1 UE
Therefore, the partial coverage UE has to synchronize with in-coverage UE, and Priority 1a has to be higher than Priority 1. The transmission of the partial coverage UE will not impact on the co-channel and adjacent carriers of the in coverage UE.
Proposal 4: When eNB instructs UE to use eNB-based synchronization, synchronization source priority of eNB is highest defined as Priority 0. The synchronization source priority of in-coverage UE synchronizing with eNB is second highest defined as Priority 1a. Priority 1a is higher than synchronization source priority of out-of-coverage Priority 1 UE synchronizing with GNSS or GNSS-equivalent directly.
In above discussion, considering the interference with co-channel and adjacent carriers, partial-coverage UE has to synchronize with in-coverage UE. There are following possibilities of the synchronization source priority between partial-coverage UE and out-of-coverage UE:
1) The synchronization source priority of partial-coverage UE is higher than out-of-coverage Priority 1:
As in Figure 3, if the synchronization source priority of partial-coverage UE is higher than Priority 1, when out-of-coverage UE receives the valid synchronization signal of partial-coverage UE and out-of-coverage  Priority 1 UE, the receiving out-of-coverage UE will synchronize with partial-coverage UE. The in-coverage synchronization information can be expanded to two-hop out-of-coverage range. 


[bookmark: _Ref440533434]Figure 3: Priority of partial-coverage UE is higher than Priority 1/2/3 UE
Based on the channel models in TR 36.885 [9], the receiving power is low enough and cannot interfere with the UEs in coverage seriously to collide with the communication and synchronization in coverage. When partial-coverage UE synchronize with in-coverage Priority 1a, it is not necessary for the synchronization source priority of partial-coverage UE to be higher than out-of-coverage Priority 1.
2) The synchronization source priority of partial-coverage UE is higher than Priority 2:
3) The synchronization source priority of partial-coverage UE is higher than Priority 3:
The above conditions 2) and 3) are the possible scenarios of out-of-coverage UE synchronize with partial-coverage UE. Because of the same reason with 1), the synchronization source priority of partial-coverage UE is not necessary to be higher than Priority 2 or Priority 3.
The synchronization source priority of partial-coverage UE is not necessary to be configured higher than the priorities of out-of-coverage UEs, the priority can be set as Priority 3.
Proposal 5: When eNB instructs vehicle UE to use eNB-based synchronization, the priority of partial-coverage UE can be set as Priority 3.
The priority order of synchronization source priorities of eNB-based synchronization is proposed as follows: Priority 0 (eNB) > Priority 1a (in-coverage UE can synchronize with eNB) > Priority 1 (UE can directly receive GNSS or GNSS-equivalent) > Priority 2 (UE cannot directly receive GNSS or GNSS-equivalent with sufficient reliability, but UE can synchronize with the Priority 1 UE) > Priority 3 (other conditions)
Proposal 6: The priority order of synchronization source priorities of eNB-based synchronization is proposed as follows: Priority 0 (eNB) > Priority 1a (in-coverage UE can synchronize with eNB) > Priority 1 (UE can directly receive GNSS or GNSS-equivalent) > Priority 2 (UE cannot directly receive GNSS or GNSS-equivalent with sufficient reliability, but UE can synchronize with Priority 1 UE) > Priority 3 (other conditions)
Figure 4 demonstrates an example of the synchronization source priorities of eNB-based synchronization: 


[bookmark: _Ref441493259]Figure 4: Example of synchronization source priorities of eNB-based synchronization
2.3. Receiving multiple synchronization signals
In [7][10], only when out-of-coverage UE receives multiple synchronization signals of R12/13 sidelink communications, the SyncRef UE is selected as the following rules:
1) If the strongest candidate SyncRef UE belongs to the same priority group as the current SyncRef UE and the S-RSRP of the strongest candidate SyncRef UE exceeds the minimum requirement TS 36.133 [7] by syncRefMinHyst and the S-RSRP of the strongest candidate SyncRef UE exceeds the S-RSRP of the current SyncRef UE by syncRefDiffHyst, the strongest candidate SyncRef UE will be configured as the current SyncRef UE.
2) If the candidate SyncRef UE belongs to a higher priority group than the current SyncRef UE and the S-RSRP of the candidate SyncRef UE exceeds the minimum requirement TS 36.133 [7] by syncRefMinHyst, the candidate SyncRef UE will replace the current SyncRef UE.
3) If the S-RSRP of the current SyncRef UE is less than the minimum requirement TS 36.133 [7], the SyncRef UE is not selected and the full search is performed to detect candidate SLSS, in accordance with TS 36.133 [7].
Because GNSS or GNSS-equivalent UEs may exist in coverage or out of coverage, the selection of SyncRef UE should not be only for the out-of-coverage UE, but can be extended to the in-coverage UE for GNSS or GNSS-equivalent based synchronization and eNB-based synchronization.
When receiving multiple synchronization signals, the selection of SyncRef UE of R12/13 sidelink communications can be reused, but the synchronization source priorities should be updated as this contribution.
Proposal 7: When receiving multiple synchronization signals, the selection of SyncRef UE should not be only for the out-of-coverage UE, but can be extended to the in-coverage UE for GNSS or GNSS-equivalent based synchronization and eNB based synchronization. The selection of SyncRef UE of R12/13 sidelink communications can be reused, but the synchronization source priorities should be updated as those in this contribution.
Conclusion
In this contribution we made the following proposals:
· GNSS or GNSS-equivalent based synchronization (instructed by eNB or in case of out of coverage)
· Proposal 1: When eNB instructs vehicle UE to prioritize GNSS or GNSS-equivalent based synchronization, eNB is not included as synchronization source.
· Proposal 2: When eNB instructs vehicle UE to prioritize GNSS or GNSS-equivalent based synchronization, the synchronization source is not prioritized because of the coverage state.
· Proposal 3: The priority order of synchronization source priorities of GNSS or GNSS-equivalent based synchronization is proposed as follows: Priority 1 (UE directly receives GNSS or GNSS-equivalent) > Priority 2 (UE cannot directly receive GNSS or GNSS-equivalent with sufficient reliability, but UE can synchronize with the Priority 1 UE) > Priority 3 (other conditions).
· eNB based synchronization (instructed by eNB)
· Proposal 4: When eNB instructs UE to use eNB-based synchronization, synchronization source priority of eNB is highest defined as Priority 0. The synchronization source priority of in-coverage UE synchronizing with eNB is second highest defined as Priority 1a. Priority 1a is higher than synchronization source priority of out-of-coverage Priority 1 UE synchronizing with GNSS or GNSS-equivalent directly.
· Proposal 5: When eNB instructs vehicle UE to use eNB-based synchronization, the priority of partial-coverage UE can be set as Priority 3.
· Proposal 6: The priority order of synchronization source priorities of eNB-based synchronization is proposed as follows: Priority 0 (eNB) > Priority 1a (in-coverage UE can synchronize with eNB) > Priority 1 (UE can directly receive GNSS or GNSS-equivalent) > Priority 2 (UE cannot directly receive GNSS or GNSS-equivalent with sufficient reliability, but UE can synchronize with Priority 1 UE) > Priority 3 (other conditions)
· Receiving multiple synchronization signal
· Proposal 7: When receiving multiple synchronization signals, the selection of SyncRef UE should not be only for the out-of-coverage UE, but can be extended to the in-coverage UE for GNSS or GNSS-equivalent based synchronization and eNB based synchronization. The selection of SyncRef UE of R12/13 sidelink communications can be reused, but the synchronization source priorities should be updated as those in this contribution.
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