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Introduction
The following was concluded during RAN1#84 related to PC5 synchronization:
Working assumption:
· No new synchronization signal sequence is defined in V2V 

Afterwards, RAN decided on the following: 
· Identify high level coexistence approaches (long-term basis) between PC5 transport for V2V services and DSRC/IEEE 802.11p services in the same channel and provide input to RAN [RAN1] (to be completed by RAN#72).
In this contribution we discuss remaining details of the synchronization procedure.

SL SS as a Beacon Signal for Coexistence
In [3] we dscuss how 3GPP-based ITS needs to provide a signal that can be efficiently detected by other technologies in order to advertise the use of a carrier for safety ITS services over LTE. SL SS suits perfectly such purpose since it is a periodic sequence with good correlation properties and limited pre-defined bandwidth. It is however good to signal with SL SS whether a carrier is being used for safety-ITS or non-safety-ITS by LTE. For this purpose we see benefit in non confirming the existing working assumption on SL SS sequences and instead discuss definition of a reserved SL SS sequence that indicates safety-ITS.
Proposals:
· Do not confirm the working assumption that No new synchronization signal sequence is defined in V2V 
· A specific SL SS sequence is defined to indicate that devices perform ITS services over a certain carrier
· Which specific carriers are allowed for safety ITS operation is out of 3GPP scope
· All UEs that participate to safety ITS periodically transmit SL SS using the safety-ITS sequence in order to advertise their presence to other (possibly non-3GPP) UEs.

Synchronization Scenarios
We identify two main synchronization scenarios for V2X:
1. A carrier used for V2X synchronization acquisition[footnoteRef:1] is not configured with SS/PSBCH for other purpose than V2X. This scenario may happen at any carrier frequency up to 6GHz; [1:  Typically, this is the carrier used for the actual V2X operation. However, we are not precluding the case that a UE derives sidelink synchronization on a certain carrier and performs associated sidelink on a nother carrier, pending 3GPP decisions on support of such scenario for V2X.] 

2. A carrier used for V2X synchronization acquisition is configured with SS/PSBCH for sidelink operations not related to V2X (e.g., ProSe discovery/communication). This scenario may happen on carriers used for ProSe, which is currently supported on various bands all below 6GHz. For example, an Operator that is providing ProSe services may wish to additionally provide V2X support.

The first scecnario is more challenging from a radio perspective since high frequencies up to 6GHz need to be supported. The second scenario imposes additional constraints compared to the first one in terms of backwards compatibility.
In the following we propose a flexible solution that allows efficient V2X deployment in all scenarios with minor UE complexity increase.
Proposal:
· Sidelink synchronization for V2X should efficiently support in-band coexistence with legacy ProSe SS/PSBCH. 

Synchronization Resource Allocation
We observe the following aspects of legacy SS/PSBCH resource allocation:
· The 40ms resource periodicity produces a fixed overhead of 5% (without accounting for additional interruptions as for RF issues). Such a fixed overhead appears unjustified and unnecessary for carriers that support V2X but not ProSe. The 40ms periodicity for SS/PSBCH was mainly justified by the need to limit buffering and energy consumption for sync search in the UE. Such requirements may be relaxed for V2X.
· If V2X UEs transmit SS/PSBCH over legacy ProSe SS/PSBCH resources, the content must be identical in order to preserve backwards compatibility.
· Additional broadcast control info that is relevant to V2X UEs only (e.g., GNSS-related info) may be transmitted on other sidelink resources (i.e., a “third” sync resource) and using a format that limits impact on legacy ProSe operation.

We tackle the above issues by suggesting the resource allocation described in Table 1, where we suggest to access and use the first and second sync resources according to legacy ProSe procedures, but we also introduce an additional third resource for UEs that derive sync from GNSS. UEs that are in coverage that derive sync from GNSS transmit also PSBCH on the InC resource according to legacy.

[bookmark: _Ref434502565]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 SS/PSBCH are derived from SS_gnss/PSBCH_gnss as discussed in Section 4.
	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
	SS from SS_net
PSBCH
	
	SS from SS_gnss
PSBCH_gnss
	Backwards compatible to R12/R13 UEs

	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:2] [2:  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:3] [3:  Random sync resource.] 

	
	
	R12/13 solution

	UE is OoC, synchronized to GNSS
	SS from SS_oon
PSBCH with InC_flag=0[footnoteRef:4] [4:  Random sync resource.] 

	
	SS from SS_gnss
PSBCH_gnss
	Backwards compatible to R12/R13 UEs



Regarding the second issue (inband ProSe/V2X operation) we observe that:
· If a carrier is configured with SS/PSBCH for legacy ProSe, it makes sense to enable reuse the same sync resources also for V2X. In such case SS/PSBCH should be transmitted with 40ms periodicity by V2X UEs.
· If the V2X carrier is not supporting other ProSe services then a SS/PSBCH periodicity in the order of 320ms seems like a reasonable compromise.

The proposed value of 320ms is based on latency considerations. In a worst case scenario a UE might need to combine 4 sync resources in order to acquire synchronization, resulting in a realistic worst case sync latency of 1.28s. Such value is acceptable considering that synchronization is a background “always on” process and realisticly a UE will very seldom switch to/from SS as its sync source. Furthermore, a smart UE implementation may track SS/PSBCH in the background in order to quickly switch to quickly switch to SS in case e.g. of loss of eNB coverage.

[image: ]
Figure 1: Inband coexistence of legacy D2D and V2X sync signals. Transmission on the black resources follows legacy procedures and signals for SFN combination. As an optimization, the GNSS resource may be transmitted with lower periodicity.
[image: ]
Figure 2: V2X-Sync resources without coexistence constraints with legacy D2D sync signals. We suggest to reuse the 2 sync resources from Rel-12/13 (and associated procedures) but with lower periodicity. 
Proposals:
· Introduce a “third” synchronization resource used for GNSS;
· Reuse legacy behavior and signals when accessing the first and second sync resources;
· Periodicity of sync resources can be relaxed in carriers without legacy ProSe operation.

Synchronization Source Selection
In this paper we analyse changes to the D2D synchronization procedure in order to support V2X use cases. The prioritization of synchronization sources by a UE is proposed as follows (red marks changes compared to Rel-12/13):
1. eNBs that meet the Scriterion (note that the eNB may configure the UE to use GNSS even when in-coverage)
2. GNSS
3. UEs within network coverage (among which higher priority is given to SS received with higher synchSourceThresh measurement)
a. Prioritization between UEs with eNB and GNSS coverage according to (pre)configuration by the NW
4. UEs out of network coverage transmitting D2DSS from D2DSSue_net (among which higher priority is given to D2DSS received with higher synchSourceThresh measurement)
5. UEs out of network coverage transmitting D2DSS from D2DSSue_oon (among which higher priority is given to D2DSS received with higher synchSourceThresh measurement)
· If none of the above are selected, the UE uses its own internal clock. 

We observe that in our proposal OOC UEs that receive a multihop sync after 2nd hop do not prioritize between whether the original source is GNSS or not. We believe that such optimization is not necessary due to the fact that the inaccuracy introduced by each hop dominates the error and so it does not matter whether the first hop was particularly accurate. We also prefer to minimize changes to PSBCH/SSS. Please note that the proposed solution is backwards compatible with D2D if the eNB configures the legacy PSBCH format on the 1st/2nd sync resources.
Regarding hystheresis mechanisms, we prefer to maintain the R12 principle that a source with higher priority is reselected only if it fulfills a minimum quality threshold, while reselection within a certain priority level is subject to hysteresis. We prefer to leave it to RAN4 to discuss whether a definition of “GNSS quality” is within 3GPP scope.
Proposal:
· In case a distributed synchronization protocol for V2X is defined by 3GPP, small changes to the Rel-12/13 sync source prioritization in order to account for GNSS should be sufficient.

Synchronization Signals and Channels
To enable in-band coexistence of legacy UEs operating in Rel-12/13 D2D with new UEs operating in V2x mode, it is necessary to ensure that legacy UEs will not mistakenly take the SS/PSBCH signals transmitted in the GNSS resource for one of the SS/PSBCH signals transmitted in Sync Resource 1 or Sync Resource 2. For this purpose, we propose that SS_gnss only includes a single PSSS sequence with low cross-correlation properties with SS sequences in SS_net/SS_oon. Similarly, to avoid that PSBCH in GNSS Resource is decoded by a legacy UE, we propose to introduce a new scrambling sequence.We also observe that the main role of PSBCH_gnss is to carry the DFN associated to SS_gnss, other fields may be preconfigured or reserved. SS/PSBCH transmitted on the 1st/2nd resource carry the same payload as the legacy ones.
Observations:
· To enable in-band coexistence of legacy D2D UEs with new V2x UEs, it is necessary to ensure that sequence(s) in SS_gnss differ from sequences in SS_oon/SS_net.
Proposals:
· A new SS sequence with low cross-correlation properties with the old SS sequences is introduced for SS_gnss.
· A new scrambling sequence is used for PSBCH_gnss.
· PSBCH_gnss is to carry the DFN associated to SS_gnss, other fields may be preconfigured or reserved.

Timing Advance
This paper has so far focused on the reference timing used for transmission of reference signals. Some clarification is however also needed regarding the potential use of timing advance. We suggest reusing the framework from D2D Rel-12, we are however unsure at this point whether using TA for PSSCH transmission is motivated for V2X scenarios. We prefer to keep options open for PSSCH TA subject to prioritization among control information to be carried by the SA.
Proposals:
· PSCCH is transmitted with TA=0.
· When using distributed resource allocation, PSCCH is transmitted with TA=0.
· When using centralized resource allocation, PSCCH is transmitted with TA FFS between 0 and a values signaled by the eNB.
· Decide on PSSCH TA afer discussion on PSCCH payload.
Receiver Timing
We believe that it is also beneficial to clarify the expected sidelink receiver behaviour even though we recognize that some details may be left to UE implementation. In particular we observe that the optimal timing of the receiver sampling window prior to DFT is a function of the timing reference used by the transmitter (e.g., GNSS, eNB, Sidelink SS) as well as a function of the timing offset (e.g., timing advance, propagation delay compensation, fixed offset, etc.) potentially applied by the transmitter. It is thus useful if the receiver is aware of the timing reference and the type of offset potentially used in order to efficiently attempt reception of a certain channel.
[image: ]
[bookmark: _Ref438461225]Figure 3: Example deployment of UEs and one synchronization reference (eNB in this example)
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[bookmark: _Ref435831832]Figure 4: Example of timing of signals received by the ref UE in Figure 3, assuming TA=0. The timing reference indicates the point in time where the Ref UE receives the DL signals from the eNB.
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[bookmark: _Ref438461193][bookmark: _Ref438461015]Figure 5: Example of timing of signals received by the ref UE in Figure 3, assuming UL TA. The timing reference indicates the point in time where the Ref UE receives the DL signals from the eNB.

Proposals:
· The receiver is made aware of the timing reference (e.g., GNSS, eNB, Sidelink SS) and the timing offset, if any (e.g., timing advance, propagation delay compensation, fixed offset, etc.) used by a transmitter in order to attempt detection of data coming from such transmitter.
· This can be achieved by restricting the timing reference (e.g., GNSS, eNB, Sidelink SS) that is allowed in a pool.
Conclusions 
In this contribution we discuss a distributed protocol for V2X PC5 synchronization, based on a backwards compatible update of the R12/13 sync protocol. The main enhancement is support of GNSS synchronization.
Proposal:
· Do not confirm the working assumption that No new synchronization signal sequence is defined in V2V 
· A specific SL SS sequence is defined to indicate that devices perform ITS services over a certain carrier
· Which specific carriers are allowed for safety ITS operation is out of 3GPP scope
· All UEs that participate to safety ITS periodically transmit SL SS using the safety-ITS sequence in order to advertise their presence to other (possibly non-3GPP) UEs.
· Sidelink synchronization for V2X should efficiently support in-band coexistence with legacy ProSe SS/PSBCH. 
· Introduce a “third” synchronization resource used for GNSS;
· Reuse legacy behavior and signals when accessing the first and second sync resources;
· Periodicity of sync resources can be relaxed in carriers without legacy ProSe operation.
· In case a distributed synchronization protocol for V2X is defined by 3GPP, small changes to the Rel-12/13 sync source prioritization in order to account for GNSS should be sufficient.

Observations:
· To enable in-band coexistence of legacy D2D UEs with new V2x UEs, it is necessary to ensure that sequence(s) in SS_gnss differ from sequences in SS_oon/SS_net.

Proposals:
· A new SS sequence with low cross-correlation properties with the old SS sequences is introduced for SS_gnss.
· A new scrambling sequence is used for PSBCH_gnss.
· PSBCH_gnss is to carry the DFN associated to SS_gnss, other fields may be preconfigured or reserved.
· PSCCH is transmitted with TA=0.
· When using distributed resource allocation, PSCCH is transmitted with TA=0.
· When using centralized resource allocation, PSCCH is transmitted with TA FFS between 0 and a values signaled by the eNB.
· Decide on PSSCH TA afer discussion on PSCCH payload.
· The receiver is made aware of the timing reference (e.g., GNSS, eNB, Sidelink SS) and the timing offset, if any (e.g., timing advance, propagation delay compensation, fixed offset, etc.) used by a transmitter in order to attempt detection of data coming from such transmitter.
· This can be achieved by restricting the timing reference (e.g., GNSS, eNB, Sidelink SS) that is allowed in a pool.
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