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Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]In the SI phase the following agreements on synchronization procedure for PC5 interface based V2V communication was agreed [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
· 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: Definition of SLSS_net, SLSS_oon
· 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
· FFS: SLSS transmitted from in-coverage UE using GNSS or GNSS equivalent is configured by eNB
· FFS: whether the configured SLSS uses the same configuration as Rel-12 D2D SLSS or not
· FFS: SLSS transmitted from in-coverage UE using GNSS or GNSS equivalent is taken from SLSS_net with in coverage indicator 1
· FFS: Periodicity of synchronization resource
· FFS: Criteria to select between signals received with the same priority (e.g., up to UE implementation)
· SLSS and PSBCH transmission of UE is supported for PC5 based V2V.
· UE capability of SLSS transmission will be discussed later.
· Rel. 12/13 physical format of SLSS/PSBCH is the starting point.
· FFS number and location of PSBCH DM RS
· FFS PSSS root index, SLSS ID
· Rel. 12/13 sync procedure (e.g., sync reference priority) is the starting point.
· FFS PSBCH contents

In this contribution, we will discuss the remaining issues on synchronization for PC5 based V2V.
Discussion
2.1 Synchronization scenarios
Synchronization for PC5 based V2V can be divided into 3 scenarios as depicted in Figure 1:
· Scenario A: vehicle can detect eNB on the carrier where the vehicle performs V2V; 
· Scenario B: vehicle can detect reliable GNSS/GNSS-equivalent, but cannot detect eNB on any supported carrier;
· Scenario C: vehicle cannot detect GNSS/GNSS-equivalent, cannot detect eNB on the carrier where the vehicle performs V2V communication.
According to the conclusions achieved in SI phase, vehicle should follow eNB instruction to prioritize either eNB or GNSS/GNSS-equivalent if the vehicle is located in scenarios A, and GNSS/GNSS-equivalent should be prioritized in case of the vehicle is located in scenario B. For scenario C, priority order for different synchronization sources are still controversial.
Based on the working assumption of last meeting, following distinctive synchronization sources can be detected by a vehicle in scenario C, i.e. vehicle directly/indirectly synchronized to eNB, in coverage vehicle directly synchronized with GNSS/GNSS-equivalent, out-of-coverage vehicle directly synchronized with GNSS/GNSS-equivalent, vehicle indirectly synchronized with GNSS/GNSS-equivalent and standalone vehicle. In case of in coverage vehicle can be detected by the vehicle located in scenario C, the in coverage vehicle should be at highest priority. That is because the in coverage vehicle can provide accurate time/frequency information which is directly derived from eNB or GNSS/GNSS-equivalent, furthermore, out of coverage vehicle can synchronized to cellular timing if the in coverage vehicle is used as reference, which is beneficial in terms of protecting cellular communication. The priority order for the remaining synchronization sources can be determined as below based on the accuracy of the time/frequency information it can provide:
In coverage vehicle>out of coverage vehicle directly synchronized with GNSS/GNSS-equivalent>vehicle indirectly synchronized with GNSS/GNSS-equivalent>vehicle indirectly synchronized with eNB>standalone vehicle.
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Figure1 Synchronization scenarios and SLSS type of various synchronization sources


Proposal 1: The priority order for synchronization sources in scenario C should be:
In coverage vehicle>out of coverage vehicle directly synchronized with GNSS/GNSS-equivalent>vehicle indirectly synchronized with GNSS/GNSS-equivalent>vehicle indirectly synchronized with eNB>standalone vehicle. 

2.2 Synchronization resources for SLSS

The PSBCH transmitted by vehicle is expected to support a maximum relative velocity of up to 280 km/h at 6GHz carrier, the existing PSBCH structure with DMRS spacing of 0.5ms cannot be used in the scenario, so the structure for PSBCH may need to be modified to fit with the high Doppler situation [2]. As in Rel-12 SLSS and PSBCH transmitted from all synchronization sources within the same cell are SFN accumulated, if the PSBCH structure of vehicle is not identical as D2D, the synchronization resources configured for D2D should not be used for vehicle so as to avoid the interference to Rel-12/13 SLSS and PSBCH. 

In Rel-12 two TDMed synchronization resources are preconfigured for UE, so that one UE receiving SLSS/PSBCH in a first resource can transmit SLSS/PSBCH in the second resource. This design should be reused for V2V communication. The periodicity for the synchronization resources can be further evaluated.  

Proposal 2: A new pair of synchronization resources different from that for Rel-12 D2D should be preconfigured for vehicles.
2.3 Synchronization sequence for SLSS

The case where D2D and V2V share the same network and carrier frequency should be considered. In this case, there can be applications where the D2D and V2V communication co-exist in the same carrier. In order not to impact the synchronization performance of legacy D2D UEs, the D2D synchronization sources and V2V synchronization sources should be distinguished by the use of separate PSSS that are generated by Zadoff-Chu sequences that have different root indices. This is shown in Figure 2. For D2D operation in Rel-12, root index u1 26 is used if  for in network operation and u2 37 is used otherwise. For V2V operation, new root indices u3 and u4 can be generated and they can be selected to have low cross-correlation with u1 and u2. 


Figure 2 PSSS root indices should be changed for V2V communication

Proposal 3: Adopt 2 different ZC sequences for PSSS to separate V2V and D2D networks.

 











2.4 Triggering condition for SLSS transmission

Another issue to solve is the situation for triggering the start of the SLSS/PSBCH transmission. As the SLSS/PSBCH in V2V communication takes effect only for the vehicle that cannot detect eNB and GNSS/GNSS-equivalent, and it is common understanding that in realistic traffic environment eNB joint with GNSS/GNSS-equivalent have already covered most of roads, SLSS/PSBCH transmission in most of time and in most of area has limited use. On the other hand, SLSS/PSBCH transmission may interrupt Uu and PC5 data transmission and PC5 data reception, if SLSS/PSBCH is transmitted with high power or also SFN accumulated as in D2D, it may cause additional interference to cellular and other PC5 communication because of in-band emission or resource collision. So it is necessary to define a proper triggering condition for vehicle to minimize SLSS/PSBCH transmissions.
One possible method of triggering the SLSS/PSBCH transmission can be based on transmit vehicle location. Since the GNSS and eNB coverage hole is usually in some special geographical areas, such as tunnel, underground parking lots or under bridge. If the vehicle can be aware of these locations according to its built in database, this information can be utilized by vehicles to identify the area (e.g. less than 300 meters from the coverage hole) in which it should transmit SLSS/PSBCH.
Proposal 4: Triggering condition for SLSS transmission should be defined to minimize SLSS/PSBCH transmission.

Conclusions

In this contribution we discussed the synchronization issues for the remaining scenarios and necessary enhancement for synchronization mechanism, we made the following proposals:
Proposal 1: The priority order for synchronization sources in scenario C should be:
In coverage vehicle>out of coverage vehicle directly synchronized with GNSS/GNSS-equivalent>vehicle indirectly synchronized with GNSS/GNSS-equivalent>vehicle indirectly synchronized with eNB>standalone vehicle. 

Proposal 2: A new pair of synchronization resources different from that for Rel-12 D2D should be preconfigured for vehicles.

Proposal 3: Adopt 2 different ZC sequences for PSSS to separate V2V and D2D networks.

Proposal 4: Triggering condition for SLSS transmission should be defined to minimize SLSS/PSBCH transmission.
References:
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