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Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]In the last RAN1 meeting the following conclusions on V2V synchronization were achieved [1]:
Working assumption:
Working assumption for the V2V PC5 SLSS: 
· At least one value is reserved for SLSS ID used for SLSS transmissions from UEs having GNSS as the synchronization reference.
· FFS whether multiple values need to be reserved.
· The reserved value(s) of the SLSS IDs is(are) pre-defined.
· If it is agreed that SLSS/PSBCH is used for the purpose of detecting LTE ITS transmissions, this working assumption needs to be revisited.
Working assumption:
· SSSS for V2V uses sequences of subframe-5 SSS
· If it is agreed that SLSS/PSBCH is used for the purpose of detecting LTE ITS transmissions, this working assumption may need to be revisited.
Agreements:
· For PSBCH DM RS symbol location, Option 3 (i.e., symbol #4, #6, #9 for normal CP) is supported.
· Working assumption: PSBCH content size is the same as Rel-12.
· Working assumption: V2V SLSS/PSBCH periodicity is 200 ms.
· If it is agreed that SLSS/PSBCH is used for the purpose of detecting LTE ITS transmissions, this working assumption needs to be revisited.
· Rel-13 D2D synchronization resource configuration principle is reused.

In this contribution, we will discuss the remaining details on synchronization for sidelink based V2V communication.
Discussion
[bookmark: _GoBack]2.1 Priority Order for OOC UE
As per the working assumption of RAN1#83 [2], following distinctive synchronization sources can be detected by an OOC UE, i.e. GNSS, UE directly/indirectly synchronized to eNB, in coverage UE directly synchronized with GNSS, out-of-coverage UE directly synchronized with GNSS, UE indirectly synchronized with GNSS and standalone UE. In our view, GNSS should be prioritized for OOC UE because of the following reasons:
1. RAN1 has already agreed that 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 [2]. 
2. GNSS can provide a universal timing and prevent the presence of multiple non-synchronized synchronization clusters, this is essential for ensuring the performance of V2V communication. 
3. Even though prioritizing GNSS timing for OOC UE may create impact to cellular operation, the possibility of this impact occurs is low, and the impact can also be further mitigated by introducing a kind of restriction on resource selection for OOC UE[3].
In case of in coverage UE directly synchronized with eNB or GNSS can be detected by an OOC UE, the in coverage UE should be at highest priority. That is because the in coverage UE can provide accurate time/frequency information which is directly derived from eNB or GNSS. Furthermore, if an in coverage UE is configured to prioritize GNSS by eNB, the eNB is very likely synchronized with GNSS as well (or, V2V and cellular may impact each other seriously because of the mismatch on the transmission/reception timing). So, out of coverage UE can synchronize to cellular timing if the in coverage UE is used as reference, this is beneficial in terms of protecting cellular communication, as shown in Figure 1(A). 
For the OOC UE directly synchronized with GNSS, although its timing is identical as the in coverage UE directly synchronized with GNSS, its priority should be lower. The reason for this proposal is illustrated in Figure 1(B), where OOC UE D can detect in coverage UE A and OOC UE C simultaneously, where UE A is directly synchronized with eNB , while UE C is directly synchronized with GNSS. Then, if UE D prioritizes the GNSS, it may impact the cellular operation in cell A.


[bookmark: OLE_LINK32][bookmark: OLE_LINK33]Figure1 Illustration of IC synchronization source UE and OOC synchronization source UE
If an OOC UE can only detect UE indirectly synchronized with eNB, it is very likely that the OOC UE is far away from any cell, V2V transmission may not impact cellular operation if we assume same link budget for PSSS/SSSS/PSBCH and V2V PSCCH/PSSSCH. So we propose that the priority of UE indirectly synchronized with eNB should be lower than UE directly/indirectly synchronized with GNSS, since the latter can provide a universal timing.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]In summary, we propose the following priority order for OOC UE:
Proposal 1 
· The priority order for OOC UE should be:
GNSS > In coverage UE directly synchronized with eNB or GNSS> out of coverage UE directly synchronized with GNSS > UE indirectly synchronized with GNSS > UE indirectly synchronized with eNB > standalone UE. 
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]2.2 Priority Order for IC UE in special conditions
In rel-13 non-serving cell discovery transmission, UE can be configured to use a carrier different form the carrier for discovery transmission as reference for synchronization and DL measurement [4]. For V2V communication, if this feature is also supported (i.e. using a different carrier as a reference for time/frequency synchronization on V2V carrier), when the camping cell configure the UE to prioritize eNB timing on the carrier for V2V transmission, it should further configure the PCI of the reference cell. 
Proposal 2
·  If different carrier is allowed to be used as the timing/frequency reference for V2V communication, the camping cell should further configure the PCI of the reference cell for V2V carrier synchronization . 

So there are two special cases for IC UE:
· Case 1: UE is configured to prioritize GNSS, however, the UE cannot detect reliable GNSS timing;
· Case 2: UE is configured to prioritize eNB timing, however, the UE cannot detect eNB on the V2V carrier, or the reference cell configured by the camping cell;
For Case 1, if the UE can detect eNB on the V2V carrier, it should prioritize the eNB timing, since eNB timing can provide much larger coverage than SLSS. If the UE can only detect SLSS, it should follow the same priority order of SLSS for OOC UE.
For Case 2, the UE should follow the priority order defined for OOC UE.
Proposal 3
·  for case 1, the priority order for synchronization references should be:
eNB (on the same carrier for V2V) > In coverage UE directly synchronized with eNB or GNSS> out of coverage UE directly synchronized with GNSS > UE indirectly synchronized with GNSS > UE indirectly synchronized with eNB > standalone UE. 
Proposal 4
· For case 2, the UE should follow the priority order defined for OOC UE. 
2.3 Distinction of V2V Synchronization Sources of different hop levels
For this target, the mechanisms defined in Rel-12/13 D2D can be fully reused, where two sets of SLSS IDs (mapping to different pairs of PSSS and SSSS sequences) in conjunction with incoverage indicator included in PSBCH can differentiate up to 3 hop levels. 
Proposal 5 
· The mechanism defined in Rel-12/13 D2D for hop level differentiation should be fully reused for V2V.
Furthermore, synchronization sources derived from eNB and those derived from GNSS should be differentiated as well, we propose to use separate SLSS IDs for synchronization sources derived from GNSS, so that receiving vehicles can identify the type of synchronization source (derived from eNB or GNSS) without decoding the PSBCH. In order to reuse the mechanisms defined for D2D for different hops differentiation, two sets of SLSS ID should be defined for this kind of synchronization sources; each set consists of one reserved SLSS ID, and the difference value between the two SLSS IDs should be 168, e.g. SLSS ID = 0 for the first set, and SLSS ID = 168 for the second set.
As what is discussed in section 2.1, in coverage synchronization source directly synchronized with GNSS is prioritized over out of coverage synchronization source directly synchronized with GNSS, although they have identical timing. Since the two synchronization sources belong to the same hop level, a new scheme is needed to differentiate them. One of the 19 reserved bits in PSBCH can be redefined as an indicator for this.
The distinction of different kinds of synchronization sources are summarized in Table 1. 
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Table 1 Distinction of synchronization sources
	
	SLSS ID
	Incoverage indicator
	One reserved bit in PSBCH

	eNB, hop1
	1~167
	1
	Not used

	eNB, hop2
	1~167
	0
	Not used

	eNB, hop3
	169~335
	0
	Not used

	In coverage, GNSS, hop1
	0
	1
	1

	Out of coverage, GNSS, hop1
	0
	1
	0

	GNSS, hop2
	0
	0
	Not used

	GNSS, hop3
	168
	0
	Not used

	Standalone
	169~335
	0
	Not used


[bookmark: OLE_LINK14][bookmark: OLE_LINK15]
Proposal 6
·  Distinction of synchronization sources based on GNSS vs. eNB synchronization should be considered for V2V. 
2.4 Different Synchronization resources for SLSS of V2V
The PSBCH transmitted by vehicle is expected to support a maximum relative velocity of up to 500 km/h[5], the DMRS number and location for PSBCH transmitted by vehicle are all different from Rel-12 D2D. 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 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 7
· A new pair of synchronization resources different from that for Rel-12 D2D can be defined for vehicles.

Conclusions
In this contribution we discussed the details for V2V synchronization, we made the following proposals:
Proposal 1
·  The priority order for OOC UE should be:
GNSS > in coverage UE directly synchronized with eNB or GNSS> out of coverage UE directly synchronized with GNSS > UE indirectly synchronized with GNSS > UE indirectly synchronized with eNB > standalone UE. 
Proposal 2
·  If different carrier is allowed to be used as the timing/frequency reference for V2V communication, the camping cell should further configure the PCI of the reference cell for V2V carrier synchronization. 
Proposal 3
· for case 1, the priority order for synchronization references should be:
 eNB (on the same carrier for V2V) > In coverage UE directly synchronized with eNB or GNSS> out of coverage UE directly synchronized with GNSS > UE indirectly synchronized with GNSS > UE indirectly synchronized with eNB > standalone UE. 
Proposal 4
· For case 2, the UE should follow the priority order defined for OOC UE. 
Proposal 5
· The mechanism defined in Rel-12/13 D2D for hop level differentiation should be fully reused for V2V.
Proposal 6
· Distinction of synchronization sources based on GNSS vs. eNB synchronization should be considered for V2V. 
Proposal 7
·  A new pair of synchronization resources different from that for Rel-12 D2D can be defined for vehicles.
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