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Introduction
In RAN1 #83 meeting, following agreements were achieved [1]:
· SLSS and PSBCH transmission of UE is supported for PC5 based V2V. 
· Rel. 12/13 physical format of SLSS/PSBCH is the starting point.
· 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
· 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 modified synchronization procedures and mechanisms are presented in [4]. The transmission of SLSS and PSBCH UE are discussed in [5]. As a companion contribution, we present the enhancements of synchronization subframe configuration for V2V communication in this contribution.
Discussion
In R12/13 sidelink communications [6], because the synchronization subframe of in-coverage UE is configured by eNB with system information, UEs in the same cell in coverage share the same synchronization subframe. Because the receiving UEs cannot transmit the synchronization information with the same subframe of the sending UEs, two synchronization subframes are preconfigured for the out-of-coverage UE. Because the synchronization procedures and mechanisms are enhanced with UE with GNSS or GNSS-equivalent directly, the configuration of synchronization subframes for eNB-based synchronization and GNSS or GNSS-equivalent based synchronization of LTE V2X are discussed in the following chapter.
1. 
2. 
2.1. eNB-based Synchronization
In the following scenarios, UEs of different synchronization source priorities of eNB-based synchronization cannot transmit in the same subframes with limitation of half-duplex:
· Priority 1a and Priority 1, 2 or 3；
· Priority 1 and Priority 2；
· Priority 2 and Priority 3；
Therefore, at least three subframes have to be configured for eNB-based synchronization for Priority 1a, Priority 1 and Priority 2 respectively. According to the receiving synchronization signals, Priority 3 UE will select the subframe different from the SLSS of the selected SyncRef UE.
If only two subframes are configured for eNB-based synchronization, the inter-UEs communication cannot be guaranteed. In Figure 1, the partial-coverage UE select in-coverage Priority 1a UE as SyncRef UE, and out-of-coverage Priority 3 UE select out-of-coverage Priority 2 UE as SyncRef UE. The two Priority 3 UEs both select the synchronization subframe 1 as the transmitting synchronization subframe. The partial-coverage Priority 3 UE and the out-of-coverage Priority 3 UE cannot communicate mutually with the half-duplex limitation.


[bookmark: _Ref440613783]Figure 1 Problem of synchronization subframe configuration in eNB based synchronization
In order to improve the reliability of communications and accelerate the convergence of synchronization, an additional synchronization subframe is added for the UE synchronizing with GNSS or GNSS-equivalent directly. 
Proposal 1: When eNB instructs vehicle UE to prioritize eNB based synchronization, an additional synchronization subframe is added for UE synchronizing with GNSS or GNSS-equivalent directly.
For the convenience of description, the legacy synchronization subframes assumed as synchronization subframe 1 and 2, and the additional synchronization subframe for UE synchronizing with GNSS or GNSS-equivalent directly is assumed as synchronization subframe 3. The legacy procedures of the first and second subframes have to be evaluated thoroughly to be reused. The configuration of synchronization subframes for eNB-based synchronization is proposed as follows:
1) Priority 1a: The synchronization subframe is configured by eNB with system information, and the subframe may be synchronization subframe 1 or 2.
2) Priority 1: Synchronization subframe 3.
3) Priority 2: UE select the subframe of the synchronization subframe 1 or 2 included in the preconfigured parameters, such that the subframe timing is different from the SLSS of the selected SyncRef UE.
4) Priority 3:
· SyncRef UE is Priority 1a or 2 or 3: UE select the subframe of the synchronization subframe 1 or 2 included in the preconfigured parameters, such that the subframe timing is different from the SLSS of the selected SyncRef UE.
· Independent synchronization source: UE randomly select the subframe of the synchronization subframe 1 or 2 included in the preconfigured parameters.
Figure 2 shows an example of the configuration of the synchronization subframes. Different priorities and same priorities UEs can communication with each other successfully.


[bookmark: _Ref440614753]Figure 2 Example of synchronization subframe configuration in eNB based synchronization
Proposal 2: When eNB instructs vehicle UE to prioritize eNB based synchronization, the configurations of synchronization subframes are proposed as follows:
1) Priority 1a: The synchronization subframe is configured by eNB with system information, and the subframe is synchronization subframe 1 or 2.
2) Priority 1: Synchronization subframe 3.
3) Priority 2: UE selects the subframe of the synchronization subframe 1 or 2 included in the preconfigured parameters, such that the subframe timing is different from the SLSS of the selected SyncRef UE.
4) Priority 3:
· SyncRef UE is Priority 1a or 2 or 3: UE selects the subframe of the synchronization subframe 1 or 2 included in the preconfigured parameters, such that the subframe timing is different from the SLSS of the selected SyncRef UE.
· Independent synchronization source: UE randomly selects the subframe of the synchronization subframe 1 or 2 included in the preconfigured parameters.
2.2. GNSS or GNSS-equivalent based synchronization
Because of the limitation of half-duplex, in the following scenarios, UEs of different synchronization source priorities of GNSS or GNSS-equivalent based synchronization cannot transmit in the same subframes:
· Priority 1 and Priority 2；
· Priority 2 and Priority 3；
At least two subframes have to be configured for GNSS or GNSS-equivalent based synchronization for Priority 1 and Priority 2 respectively. According to the receiving synchronization signals, Priority 3 UE will select the subframe different from the SLSS of the selected SyncRef UE.
Considering UEs of GNSS or GNSS-equivalent based synchronization and eNB-based synchronization may exist in the network at the same time, three synchronization subframes are configured for the GNSS or GNSS-equivalent based synchronization compatible with eNB-based synchronization. The additional third subframe is also for the UE synchronizing with GNSS or GNSS-equivalent directly. The legacy procedures of the first and second subframes have also to be evaluated thoroughly to be reused.
Meanwhile, in Figure 3, in-coverage Priority 3 UE select in-coverage Priority 2 UE as SyncRef UE and partial-coverage Priority 3 UE select out-of-coverage Priority 2 UE as SyncRef UE. The two Priority 3 UEs both select the synchronization subframe 1 as their transmitting synchronization subframe. With half-duplex limitation, if only two subframes are configured for GNSS or GNSS-equivalent based synchronization, in-coverage Priority 3 UE and partial-coverage Priority 3 UE cannot communicate mutually.


[bookmark: _Ref440611517]Figure 3 Problem of sync subframe configuration in GNSS or GNSS-equivalent based synchronization
Compatible with eNB-based synchronization and improving the reliability and convergence of synchronization, an additional synchronization subframe is also introduced for the UE synchronizing with GNSS or GNSS-equivalent directly. 
Proposal 3: When eNB instructs vehicle UE to prioritize GNSS or GNSS-equivalent based synchronization, an additional synchronization subframe is added for UE synchronizing with GNSS or GNSS-equivalent directly.
 As for GNSS or GNSS-equivalent based synchronization, the synchronization subframes in R12/13 sidelink communications are assumed as synchronization subframe 1 and 2, and the additional synchronization subframe for UE synchronizing with GNSS or GNSS-equivalent directly is assumed as synchronization subframe 3. The legacy procedures of the first and second subframes are also evaluated thoroughly to be reused. The configuration of synchronization subframes for GNSS or GNSS-equivalent based synchronization is proposed as follows:
1) Priority 1: Synchronization subframe 3.
2) Priority 2: UE select the subframe of the synchronization subframe 1 or 2 included in the preconfigured parameters, such that the subframe timing is different from the SLSS of the selected SyncRef UE.
3) Priority 3:
· SyncRef UE is Priority 2 or 3: UE select the subframe of the synchronization subframe 1 or 2 included in the preconfigured parameters, such that the subframe timing is different from the SLSS of the selected SyncRef UE.
· Independent synchronization source: UE select the subframe of the synchronization subframe 1 or 2 included in the preconfigured parameters.
Figure 4 shows an example of the configuration of the synchronization subframes for GNSS or GNSS-equivalent based synchronization. Different priorities and same priorities UEs can communication with each other mutually.


[bookmark: _Ref440614681]Figure 4 Example of sync subframe configuration in GNSS or GNSS-equivalent based synchronization
Proposal 4: When eNB instructs vehicle UE to prioritize GNSS or GNSS-equivalent based synchronization, the configurations of synchronization subframes are proposed as follows:
1) Priority 1: Synchronization subframe 3.
2) Priority 2: UE selects the subframe of the synchronization subframe 1 or 2 included in the preconfigured parameters, such that the subframe timing is different from the SLSS of the selected SyncRef UE.
3) Priority 3:
· SyncRef UE is Priority 2 or 3: UE selects the subframe of the synchronization subframe 1 or 2 included in the preconfigured parameters, such that the subframe timing is different from the SLSS of the selected SyncRef UE.
· Independent synchronization source: UE selects the subframe of the synchronization subframe 1 or 2 included in the preconfigured parameters.

Conclusion
In this contribution we made the following proposals:
· eNB-based synchronization (instructed by eNB)
· Proposal 1: When eNB instructs vehicle UE to prioritize eNB based synchronization, an additional synchronization subframe is added for UE synchronizing with GNSS or GNSS-equivalent directly.
· Proposal 2: When eNB instructs vehicle UE to prioritize eNB based synchronization, the configurations of synchronization subframes are proposed as follows:
1) Priority 1a: The synchronization subframe is configured by eNB with system information, and the subframe is synchronization subframe 1 or 2.
2) Priority 1: Synchronization subframe 3.
3) Priority 2: UE selects the subframe of the synchronization subframe 1 or 2 included in the preconfigured parameters, such that the subframe timing is different from the SLSS of the selected SyncRef UE.
4) Priority 3:
· SyncRef UE is Priority 1a or 2 or 3: UE selects the subframe of the synchronization subframe 1 or 2 included in the preconfigured parameters, such that the subframe timing is different from the SLSS of the selected SyncRef UE.
· Independent synchronization source: UE randomly selects the subframe of the synchronization subframe 1 or 2 included in the preconfigured parameters.
· GNSS or GNSS-equivalent based synchronization (instructed by eNB or in case of out of coverage)
· Proposal 3: When eNB instructs vehicle UE to prioritize GNSS or GNSS-equivalent based synchronization, an additional synchronization subframe is added for UE synchronizing with GNSS or GNSS-equivalent directly.
· Proposal 4: When eNB instructs vehicle UE to prioritize GNSS or GNSS-equivalent based synchronization, the configurations of synchronization subframes are proposed as follows:
1) Priority 1: Synchronization subframe 3.
2) Priority 2: UE selects the subframe of the synchronization subframe 1 or 2 included in the preconfigured parameters, such that the subframe timing is different from the SLSS of the selected SyncRef UE.
3) Priority 3:
· SyncRef UE is Priority 2 or 3: UE selects the subframe of the synchronization subframe 1 or 2 included in the preconfigured parameters, such that the subframe timing is different from the SLSS of the selected SyncRef UE.
· Independent synchronization source: UE selects the subframe of the synchronization subframe 1 or 2 included in the preconfigured parameters.
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