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1
Introduction
In RAN#70 a new WI was agreed on V2V [1]. During the corresponding SI, the following agreement has been made in RAN1#83 [2]:
Agreements:
(…)

· “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.
In this contribution we provide our views on synchronization for V2V operation, including other aspects on V2V synchronization identified in RAN1#83.
2
 Discussion on multiple synchronization sources 
The agreements from RAN1#82bis [3] imply that in case there is NW coverage eNB instructs vehicle UE to prioritize either eNB-based synchronization or GNSS or GNSS-equivalent, at least in case the NW coverage is in the same carrier as the UE is operating PC5 V2V. Figure 1 illustrates one scenario which includes intra-cell V2V, inter-cell V2V, and V2V with partial NW coverage. In this example UE#3 is within the coverage of eNB#1, and in principle it can utilize either eNB#1 based synchronization (e.g. using DL timing) or GNSS-equivalent as V2V synchronization source, depending on how it is instructed by the eNB. Considering the scenario shown in the figure, vehicle UE#3 should be able to transmit to and to receive from all the other three vehicle UEs which are in proximity and within the required communication range. 

Firstly let us assume that vehicle UE#2, #3, and #4 align their transmission timing to DL cellular timing. Since vehicle UE#1 is out of NW coverage, the transmission timing for UE#1 is based on GNSS or GNSS-equivalent as agreed in RAN1#82bis. Since all vehicle UEs are expected to communicate with each other, the UEs that are in NW coverage would need to keep tracking multiple time and frequency references in order to maintain such communication. For example, UE#3 would need to follow timing reference from the associated eNB#1, from eNB#2 for reception of UE#4 messages, and from UE#1 which is out of coverage and following GNSS or GNSS-equivalent timing reference. Even if existing synchronization mechanisms for PC5 operation are utilized in V2V context, e.g. transmission of SLSS by vehicle UEs, this does not change the fact that the synchronization references they are indicating are not aligned in general.

Although the existing Rel-12/13 synchronization procedure can work well for PC5-C, it might not be sufficient to ensure smooth operation of PC5 based V2V. When comparing PC5-C and PC5 based V2V, an aspect worth considering is that in PC5-C the primary target is to allow UEs to receive transmissions from a few groups of interest at a certain point of time, while UEs are following all data transmissions in their neighbourhood for PC5 V2V. This implies that in a typical usage scenario of PC5-C there are many TTIs where the UE is not trying to receive any data, either due to resource pool definition or due to the TRP employed by the transmitter, and hence there are several opportunities to multiplex transmission and reception of data based on different time references. However, this cannot be guaranteed in PC5 V2V, because in principle all vehicles are receiving data from all other vehicles. Moreover in V2V scenarios the distribution of vehicle UEs can be very dense, implying that the resource pools are expected to be quite occupied in practice, leaving little or no room for TDM of resource pools in different cells and out of coverage.
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Figure 1: Mixed coverage scenario for V2V synchronization.
One alternative approach would be to require vehicle UEs to receive data with different time references simultaneously. However, this would imply significantly higher costs due to the possible multiple baseband processing chains and in any case the interference between the non-orthogonal signals would degrade performance. Therefore, resource pools in different cells and out of coverage should be time-aligned, preferably. 

Observation 1: Resource pools from different cells and out-of-coverage UEs need to be time-aligned to allow UEs to follow transmissions from UEs in different cells and coverage situations. It is FFS if it is possible to have time-offsets between such resource pools, as that depends on the final resource pool design for PC5 V2V.
Time-alignment of resource pools essentially require that there is a common timing reference among UEs in a certain area. This can be achieved by using a timing reference from a source that is common to all UEs, e.g. GNSS or GNSS-equivalent. However, in case eNB needs to be used as synchronization reference there is also the possibility of extending the knowledge of eNB’s synchronization outside the network. The main argument to support propagation of synchronization reference from in-coverage to out-of-coverage UEs is to maintain a rough alignment with network timing so that interference towards the cellular network can be avoided or at least kept within certain limits. It should be noted that this approach cannot avoid the potential mismatch of synchronization references in case the network itself is not synchronized, as shown in Figure 1.

As discussed in Section 2, the opportunities to multiplex different synchronization references in a V2V carrier are limited, due to the nature of V2V service and the foreseen traffic densities. Hence, by forwarding an in-coverage synchronization reference outside the network coverage area, the main effect is to move further away the area where V2V communication between UEs may not be reliable anymore. Having said that, forwarding of in-coverage synchronization reference may be useful to address coverage holes inside the network to some extent, in which case it may have a positive effect on reducing disturbance on V2V communication, with the actual benefits depending on the deployment.
On the other hand, if all UEs follow a common timing such problem will disappear to a large extent, since all the vehicle UEs will follow the same timing/frequency reference and hence multiplexing of V2V communications from UEs in different coverage situations is simpler. Moreover, when vehicle UEs move from one cell to another, and further even if the NW coverage status is changing, there is no need to change the timing reference, which helps in avoiding gaps in reception of transmissions from different UEs. Based on this discussion, it is proposed to extend the agreement from RAN1#82bis:

Observation 2: Baseline assumption for time reference of PC5 V2V operation is GNSS or GNSS-equivalent, even for UEs that are within NW coverage in the same carrier as the UE is operating PC5 V2V.

3
Synchronization source priority

In RAN1#83 it has been agreed that SLSS and PSBCH transmission is supported for PC5-based V2V. In addition, the following agreement has been reached on synchronization source priority:

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
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 the sequel we address some of the remaining FFS points of the agreements above from the point of view of synchronization source priorities. 

The eNB is able to configure the UEs to follow eNB synchronization when in-coverage or else to follow GNSS-equivalent synchronization source. In principle, if the eNB is equipped with GNSS or GNSS-equivalent, it is possible to define the synchronization source priority in this case similarly to Rel-13 PC5, i.e. UE would follow the synchronization reference defined by the signals received from the eNB. However, this implies that the typical maximum Doppler spread expected by the vehicle UEs would be higher, as one needs to account for the Doppler spread between eNBs and vehicle UEs, as well as the Doppler spread between the UEs [3]. In case UEs utilize their own built-in GNSS or GNSS-equivalent reference directly, two sources of Doppler spread are eliminated, at least as long as GNSS or GNSS-equivalent reference in the UE is operational. Moreover, the DL propagation delay would imply some variation in the time-synchronization reference by different UEs, though the difference may be considered small enough to be absorbed by CP in the communication ranges required by SA1. 
Observation 3: Even if the network is time-frequency synchronized to GNSS reference, maximum Doppler spread is reduced if UE follows synchronization given by its own GNSS or GNSS-equivalent synchronization source. 
Following a similar reasoning, the main relevant information for the UEs that are receiving SLSS transmissions from other UEs is not whether the network itself has GNSS-equivalent synchronization or not, but whether the UEs are allowed to utilize their own GNSS or GNSS-equivalent synchronization references for transmission of V2V signals. We then propose the following:

Proposal 1: There is no differentiation depending on whether eNB is synchronized to GNSS in the corresponding SLSS transmissions. 

Proposal 2: There is differentiation in the corresponding SLSS and/or PSBCH transmissions indicating whether UEs are allowed to follow their own GNSS-equivalent source. 

This is consistent with the working assumption above, as it simply implies that the in-coverage UEs indicate to the out-of-coverage UEs if those UEs should follow the synchronization reference of the SLSS transmitted from in-coverage UE or if the OOC UEs can use their own GNSS-based reference if available. Under the reasonable assumption that all UEs in-coverage of a particular eNB will have the same configuration on which synchronization reference to follow, there is no need to differentiate the origin of the synchronization reference of the in-coverage UE. Hence, we propose the following:
Proposal 3: In-coverage UEs indicate the relative priority of SLSS and GNSS-equivalent as synchronization reference.
The benefit of differentiating in physical layer signals that have the same priority is not clear, but it is possible that an implicit differentiation would arise in some cases. However, the principle behind defining those signals to have the same priority is that there is no need to have one preferred over the other; if this was not the case, the priorities should be different. Hence, we propose the following:

Proposal 4: Confirm the working assumption that “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”.

Proposal 5: Criteria for selection between signals received with the same priority are not specified (e.g., up to UE implementation).
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Figure 2: Synchronization source priorities for V2V operation.

Proposal 6: Adopt the following synchronization priorities for V2V operation:

· In case eNB does not configure UE to follow eNB as synchronization reference: GNSS-equivalent reference, SLSS from UE with GNSS-equivalent, UE without GNSS-equivalent, arbitrary synchronization reference.

· In case eNB configures UE to follow eNB as synchronization reference: eNB, SLSS from in-coverage UE,  SLSS from out-of-coverage UE with GNSS-equivalent reference, SLSS from out-of-coverage UE without GNSS-equivalent reference, arbitrary synchronization reference.

4
Conclusions
In this contribution we have provided our views on synchronization for V2V operation, including other aspects on V2V synchronization identified in RAN1#83. We have made the following observations and proposals:

Observation 1: Resource pools from different cells and out-of-coverage UEs need to be time-aligned to allow UEs to follow transmissions from UEs in different cells and coverage situations. It is FFS if it is possible to have time-offsets between such resource pools, as that depends on the final resource pool design for PC5 V2V.
Observation 2: Baseline assumption for time reference of PC5 V2V operation is GNSS or GNSS-equivalent, even for UEs that are within NW coverage in the same carrier as the UE is operating PC5 V2V.

Observation 3: Even if the network is time-frequency synchronized to GNSS reference, maximum Doppler spread is reduced if UE follows synchronization given by its own GNSS or GNSS-equivalent synchronization source. 
Proposal 1: There is no differentiation depending on whether eNB is synchronized to GNSS in the corresponding SLSS transmissions. 

Proposal 2: There is differentiation in the corresponding SLSS and/or PSBCH transmissions indicating whether UEs are allowed to follow their own GNSS-equivalent source. 

Proposal 3: In-coverage UEs indicate the relative priority of SLSS and GNSS-equivalent as synchronization reference.

Proposal 4: Confirm the working assumption that “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”.

Proposal 5: Criteria for selection between signals received with the same priority are not specified (e.g., up to UE implementation).
Proposal 6: Adopt the following synchronization priorities for V2V operation:

· In case eNB does not configure UE to follow eNB as synchronization reference: GNSS-equivalent reference, SLSS from UE with GNSS-equivalent, UE without GNSS-equivalent, arbitrary synchronization reference.

· In case eNB configures UE to follow eNB as synchronization reference: eNB, SLSS from in-coverage UE,  SLSS from out-of-coverage UE with GNSS-equivalent reference, SLSS from out-of-coverage UE without GNSS-equivalent reference, arbitrary synchronization reference.
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