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1 Introduction
In RAN1 #83 meeting, the following agreements are made [1]: 
Agreements:
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
· “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.”

· RAN1 needs to study the impact of this existing agreement on Uu operation.
Agreements:
The following sync procedure should be supported:
· 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
Synchronization source priority

Agreements:
· 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)
In RAN1 #84 meeting, the following WA are made

Working assumption:

· No new synchronization signal sequence is defined in V2V 
In this contribution some enhancements to synchronization mechanism are further discussed.
2 Synchronization source priority
In this section, we discuss the synchronization procedure and priority.
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Figure 1 Different sync source 
As shown in figure 1, UE2 is configured to use eNB1 timing and UE4 is configured to use GNSS timing. UE1 can receive eNB1 timing relayed by in-coverage UE2, direct GNSS timing relayed by out-of-coverage UE3 and direct GNSS timing relayed by in-coverage UE4 at the same time. According to the WA in RAN1 #83, the priority of eNB1 timing relayed by in-coverage UE2 is the same as that of direct GNSS timing relayed by in-coverage UE4. In addition, direct GNSS timing relayed by out-of-coverage UE3 and direct GNSS timing relayed by in-coverage UE4 both has the same timing, i.e. GNSS timing. Hence, it is suggested that the priority of direct GNSS timing relayed by out-of-coverage UE3 should also be the same as that of direct GNSS timing relayed by in-coverage UE4. So, the above three different synchronization sources have the same priority. On the other hand, if PC5 link between UE1 and UE2 performs in the same carrier as eNB1 does, UE1 should prefer to synchronize to SLSS_net with in-coverage indicator 1 in order to ensure that PC5 communication do not interfere the cellular communication..
The priority of SLSS_net with in-coverage indicator 1 (equivalently 1-hop eNB timing) is the same as that of SLSS from in or out-of-coverage UE with direct GNSS (equivalently 1-hop GNSS timing). The similar principle can be used case: UE7 can receive indirect GNSS timing relayed by out-of-coverage UE1 and eNB timing relayed by out-of-coverage UE6 at the same time in figure1. We suggest that the priority of SLSS_net with in-coverage indicator 0 (equivalently 2-hop eNB timing) is also the same as that of SLSS from in or out-of-coverage UE with indirect GNSS (equivalently 2-hop GNSS timing). 
Proposal 1: 
· For timing receiving UE which can be partial-coverage UE, or in-coverage-hole UE, its synchronization priority orders are as follows:
· If eNB timing is configured to use, the priority order is: 
eNB > SLSS_net with in-coverage indicator 1 > SLSS_net with in-coverage indicator 0 > GNSS > SLSS transmitted from in or out-of-coverage UE directly synchronized with GNSS > SLSS transmitted from in or out-of-coverage UE indirectly synchronized with GNSS > UE local timing synchronization source
· If GNSS timing is configured to use, the priority order is: 
GNSS > SLSS transmitted from in or out-of-coverage UE directly synchronized with GNSS > SLSS transmitted from in or out-of-coverage UE indirectly synchronized with GNSS > eNB > SLSS_net with in-coverage indicator 1 > SLSS_net with in-coverage indicator 0 > UE local timing synchronization source
· For out-of-coverage vehicle UEs, the priority order is: 
GNSS > SLSS_net with in-coverage indicator 1 = SLSS transmitted from in or out-of-coverage UE directly synchronized with GNSS > SLSS_net with in-coverage indicator 0 = SLSS transmitted from in or out-of-coverage UE indirectly synchronized with GNSS > UE local timing synchronization source
3 The difference between V2V SLSS and D2D SLSS
In Rel-12/13 D2D, the reason of introducing the new root indices for D2D PSSS is that D2D synchronization signals will interfere to the synchronization signals of the cellular, especially in TDD system. Similarly, this issue also lies in V2V. The following will analyze whether and how to differentiate the V2V SLSS and D2D SLSS.

For in-coverage vehicle UEs, if eNB configure itself as the synchronization source, in-coverage vehicle UEs can reuse the same SLSS_net (i.e. u=26) as Rel-12/13 D2D to send SLSS with eNB timing. So V2V UE and D2D UE can synchronize to each other’s timing with no interference. However, if eNB configure the GNSS as the synchronization source and in-coverage vehicle UEs still reuse the same SLSS_net as Rel-12/13 D2D to send SLSS with GNSS timing, V2V SLSS will seriously interfere with D2D UE’s reception of the synchronization signal. Similarly, for out-of-coverage vehicle UEs, if it sends eNB timing using SLSS_oon (i.e. u=37), it will not interfere D2D SLSS. If it sends GNSS timing reusing SLSS_oon, V2V SLSS will seriously interfere with D2D UE’s reception of the synchronization signal. Hence, the essential difference between V2V SLSS and D2D SLSS is mainly because of the introducing of the GNSS synchronization source. So, GNSS timing should be differentiated with eNB timing by introducing a new root index or indicated in PSBCH. We prefer to indicate GNSS timing in PSBCH.
Proposal 2: V2V SLSS with GNSS timing should be differentiated from V2V/D2D SLSS with eNB timing by introducing a new root index or indicated in PSBCH.

4 PSBCH contents
From synchronization source priority in chapter 1, it can be seen that 4 different synchronization source types should be indentified:

1. In-coverage UE directly synchronize to eNB timing
2. In or out-of-coverage UE directly synchronize to GNSS timing

3. Out-of-coverage UE indirectly synchronize to eNB timing

4. In or out-of-coverage UE indirectly synchronize to GNSS timing

1 bit in the existing PSBCH contents is used to differentiate direct timing and indirect timing. In addition to this, in order to differentiate GNSS timing and eNB timing, another 1 bit should be introduced based on the existing PSBCH contents. 

Proposal 3: Add 1 bit in PSBCH to differentiate GNSS timing and eNB timing, the other existing 1bit in PSBCH is used to differentiate direct timing and indirect timing.
5 Conclusions
In this paper UE-to-UE time and frequency synchronization enhancement based on R12/13 D2D synchronization is discussed. We suggest the following: 
Proposal 1: 

· For timing receiving UE which can be partial-coverage UE, or in-coverage-hole UE, its synchronization priority orders are as follows:

· If eNB timing is configured to use, the priority order is: 
eNB > SLSS_net with in-coverage indicator 1 > SLSS_net with in-coverage indicator 0 > GNSS > SLSS transmitted from in or out-of-coverage UE directly synchronized with GNSS > SLSS transmitted from in or out-of-coverage UE indirectly synchronized with GNSS > UE local timing synchronization source
· If GNSS timing is configured to use, the priority order is: 
GNSS > SLSS transmitted from in or out-of-coverage UE directly synchronized with GNSS > SLSS transmitted from in or out-of-coverage UE indirectly synchronized with GNSS > eNB > SLSS_net with in-coverage indicator 1 > SLSS_net with in-coverage indicator 0 > UE local timing synchronization source
· For out-of-coverage vehicle UEs, the priority order is: 
GNSS > SLSS_net with in-coverage indicator 1 = SLSS transmitted from in or out-of-coverage UE directly synchronized with GNSS > SLSS_net with in-coverage indicator 0 = SLSS transmitted from in or out-of-coverage UE indirectly synchronized with GNSS > UE local timing synchronization source
Proposal 2: V2V SLSS with GNSS timing should be differentiated from V2V/D2D SLSS with eNB timing by introducing a new root index or indicated in PSBCH.
Proposal 3: Add 2 bits in PSBCH, one is used to differentiate GNSS timing and eNB timing, the other is used to differentiate direct GNSS timing and indirect GNSS timing.
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