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Introduction
This contribution addresses outstanding issues for the synchronization protocol for V2V.
Interference Management for Cell-Edge UEs
The following is an extract from PC5 synchronization agreements:
Agreements in RAN1 #83:
· 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 in RAN1 #83:
· 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
Agreements in RAN1 #83:
· 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
· [bookmark: _GoBack]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)
An outstanding open issue is the sync reference adopted by cell-edge UEs that are exposed to both SLSS from in-coverage and out-of-coverage and which detect (directly or indirectly) GNSS-based sync. The issue has been discussed following the FFS in RAN1#83 but no conclusion has been reached yet. From our perspective it is important to protect the operation by cell-edge UEs on UU in case of cochannel operation. This is the same consideration behind the operation in D2D Rel-12/13. We suggest the following synchronization prioritization (red marks changes compared to Rel-12/13):
1. eNBs that meet the Scriterion 
2. UEs within network coverage (among which higher priority is given to SS received with higher synchSourceThresh measurement)
3. GNSS (Note that the eNB/NW may (pre)configure the UE to prioritize GNSS as highest prio.)
4. UEs out of network coverage transmitting SLSS from SLSSue_net (among which higher priority is given to SLSS received with higher synchSourceThresh measurement)
5. UEs out of network coverage transmitting SLSS from SLSSue_oon (among which higher priority is given to SLSS received with higher synchSourceThresh measurement)
· If none of the above are selected, the UE uses its own internal clock. 

PSBCH provides useful information for controlling interference to cell-edge UEs, similarly to Rel-12. The details of PSBCH contents are provided in [1].
Proposals:
· Revise the agreement: “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.”
· The following priority order is used:
1. eNBs that meet the Scriterion 
2. UEs within network coverage (among which higher priority is given to SS received with higher synchSourceThresh measurement)
3. GNSS (Note that the eNB/NW may (pre)configure the UE to prioritize GNSS as highest prio.)
4. UEs out of network coverage transmitting SLSS from SLSSue_net (among which higher priority is given to SLSS received with higher synchSourceThresh measurement)
5. UEs out of network coverage transmitting SLSS from SLSSue_oon (among which higher priority is given to SLSS received with higher synchSourceThresh measurement)
· If none of the above are selected, the UE uses its own internal clock. 

Need for a Third Synchronization Resource
In a typical out of coverage PC5 scenario without GNSS synchronization we expect to see the same synchronization protocol as in Rel-12/13, with the exception of different SLSS periodicity and other minor details.
In a typical out of coverage PC5 scenario with GNSS synchronization we expect however to see a mix of UEs directly or indirectly following GNSS synchronization and UEs following the same synchronization protocol as in Rel-12/13 since they are not in (in)direct GNSS coverage.
In order to accommodate the above in a common framework we propose to extend the Rel-12/13 synchronization protocol with limited enhancements. Consider the example in Figure 1: in order to avoid compromising the SFN operation it is important that UE3, which is synchronized to GNSS, uses a “third” SLSS resource that is different from the resources used by UE1 (first InC resource) or UE2 (second OoC resource). Another motivation for introducing the third sync resource is that PSBCH relayed from the eNB carries different content than PSBCH for GNSS-synchronized UEs, thus resource 1 and resource 2 should not be interfered by OoC UEs synchronized to GNSS.

Observations:
· OoC UEs that are synchronized to GNSS should not interfere with SLSS/PSBCH derived directly or indirectly from the eNB
· Introduction of a third synchronization resource for OoC GNSS UEs is necessary to avoid interference.
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[bookmark: _Ref456695725]Figure 1: Example partial coverage scenario. In order to avoid compromising the SFN operation it is important that UE3 uses a “third” SLSS resource that is different from the resources used by UE1 (first InC resource) or UE2 (second OoC resource).
We also support confirmation of the working assumption: “At least one value is reserved for SLSS ID used for SLSS transmissions from UEs having GNSS as the synchronization reference”. 

We summarize the behavior  in Table 1.

[bookmark: _Ref456698412]Table 1: Summary of sync resource allocation for various synchronization states. SS/PSBCH content follow Rel-12/13 procedures in all cases except for when they are transmitted on Resource 3 (GNSS Resource), in which case SLSS uses the reserved SLSS ID.
	UE synchronization state:
	Resource 1 (“InC resource” or “1st OoC resource”)
	Resource 2 (“2nd OoC resource”)
	Resource 3 (“GNSS resource”)
	Notes

	UE is InC, sync to eNB 
	SS from SS_net,
PSBCH
	
	
	R12/13 solution

	UE is InC, sync to GNSS
	Reserved SLSS ID,
PSBCH
	
	
	PSBCH used to protect cell-edge UEs. Note that PSBCH should be transmitted on the first resource to avoid interference with OoC GNSS UEs PSBCH.

	UE is OoC, synchronized to InC UE with/without GNSS
	
	SS from SS_net
PSBCH with InC_flag=1
	
	R12/13 solution

	UE is OoC, synchronized to OoC UE with SS_net with/without GNSS
	SS from SS_oon
PSBCH with InC_flag=0
	
	
	R12/13 solution

	UE is OoC, synchronized to OoC UE with SS_oon and with/without GNSS
	SS from SS_oon
PSBCH with InC_flag=0[footnoteRef:1] [1:  The sync resource is selected depending on the resource of the incoming sync source.] 

	
	
	R12/13 solution

	UE is isolated and without GNSS
	SS from SS_oon
PSBCH with InC_flag=0[footnoteRef:2] [2:  Random sync resource.] 

	
	
	R12/13 solution

	UE is OoC, synchronized to GNSS
	SS from SS_oon
PSBCH with InC_flag=0[footnoteRef:3] [3:  Random sync resource.] 

	
	Reserved SLSS ID,
PSBCH
	PSBCH only includes DFN-related fields. The third resource is needed to avoid interference to cell-edge UEs.


 
Proposals:
· Introduce a “third” synchronization resource used for GNSS.
· Detailed operation is provided in Table 1.

Details of SLSS Parametrization
The following agreements have some FFS to be solved:
· 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)

We propose to reject the working assumption that the synchronization resources have periodicity of 200ms and to use SLSS periodicity of 256ms in order to ensure periodic SLSS transmission across SFN periods of 10240 subframes [2]. We also suggest to solve the FFS as follows:

Proposals:
· SLSS transmitted from in-coverage UE using GNSS or GNSS equivalent is the same as SLSS_net with in coverage indicator 1.
· The eNB configured SLSS uses the same configuration as Rel-12 D2D SLSS 
· Reject the working assumption that the synchronization resources have periodicity of 200ms.
· Use SLSS periodicity of 256ms in order to ensure periodic SLSS transmission across SFN periods of 10240 subframes.

Pool Offsets Indication 
In Rel-12 sidelink the eNB provides synchronization information about other cells as part of SIB. In particular a subframe offset is provided together with an indication of the synchronization accuracy relative to serving cell timing for the signalled subframe offset. In case the eNB signals that inter-cell signals may be expected within CP, the receiver UE is not required to detect SLSS. Otherwise, SLSS search and detection over a larger window (5ms) is necessary in order to operate inter-cell sidelink. 
In V2V we have the following relevant scenarios when UE camps/is connected to an eNB on carrier f1 and performs PC5 V2V on carrier f2:
1. The eNB instructs the UE to follow its own synchronization when performing PC5 V2V on carrier f2.
2. The eNB instructs the UE to follow SLSS based synchronization when performing PC5 V2V on carrier f2.
3. The eNB instructs the UE to follow GNSS when performing PC5 V2V on carrier f2.

The second case may occur, e.g., when PC5 is shared among multiple PLMNs and it follows synchronization for one of such PLMNs. 
Additionally, the following case needs to be supported due to the agreement on support of asynchronous deployments:
4. The UE camps/is connected to an eNB on carrier f1 and performs PC5 V2V on the same carrier. Neighbor eNBs are not synchronous.

It was agreed that:
Agreements in RAN1 #85:
· Rel-12 DFN definition is reused.
· When GNSS is the synchronization reference, DFN is derived from GNSS.
· Details are up to RAN2.
· For the other cases, DFN is derived according to Rel-12 behavior.

We believe that the same signalling as from Rel-12/13 can be reused to support the above scenarios for V2V operation. The only difference is that whenever GNSS synchronization is configured for PC5 operation the UE should determine the signalled pool offsets based on DFN, while in all other cases the pool offset is referred to serving eNB timing as in Rel-12/13.
Proposals:
· The UE follows Rel-12/13 behavior and pool offsets as well as the synchronization accuracy window (w1/w2) are based on serving eNB timing.
· The UE determining the DFN based on its own selected synchronization reference (eNB, GNSS, SLSS) for performing PC5 V2V on carrier f2.

Conclusions 
In this contribution we discuss a distributed protocol for V2X PC5 synchronization:
Proposals:
· Revise the agreement: “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.”
· The following priority order is used:
1. eNBs that meet the Scriterion 
2. UEs within network coverage (among which higher priority is given to SS received with higher synchSourceThresh measurement)
3. GNSS (Note that the eNB/NW may (pre)configure the UE to prioritize GNSS as highest prio.)
4. UEs out of network coverage transmitting SLSS from SLSSue_net (among which higher priority is given to SLSS received with higher synchSourceThresh measurement)
5. UEs out of network coverage transmitting SLSS from SLSSue_oon (among which higher priority is given to SLSS received with higher synchSourceThresh measurement)
· If none of the above are selected, the UE uses its own internal clock. 

Observations:
· OoC UEs that are synchronized to GNSS should not interfere with SLSS/PSBCH derived directly or indirectly from the eNB
· Introduction of a third synchronization resource for OoC GNSS UEs is necessary to avoid interference.

Proposals:
· Introduce a “third” synchronization resource used for GNSS.
· Detailed operation is provided in Table 1.
· SLSS transmitted from in-coverage UE using GNSS or GNSS equivalent is the same as SLSS_net with in coverage indicator 1.
· The eNB configured SLSS uses the same configuration as Rel-12 D2D SLSS 
· Reject the working assumption that the synchronization resources have periodicity of 200ms.
· Use SLSS periodicity of 256ms in order to ensure periodic SLSS transmission across SFN periods of 10240 subframes.
· The UE follows Rel-12/13 behavior and pool offsets as well as the synchronization accuracy window (w1/w2) are based on serving eNB timing.
· The UE determining the DFN based on its own selected synchronization reference (eNB, GNSS, SLSS) for performing PC5 V2V on carrier f2.
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