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Introduction
In this contribution, we would like to share our views for enhancement to sidelink synchronization among multiple synchronization sources in vehicle-to-anything (V2X) communications. In the previous discussions, the multiple synchronization sources can be GNSS/GNSS-equivalent, GNSS/GNSS-equivalent based, eNB, and eNB-based synchronization sources. If eNB and GNSS synchronization sources have different timings, there will be a timing misalignment issue between the two synchronization sources. This implies that a vehicle UE cannot communicate to another vehicle UE when the two vehicle UEs synchronize to different synchronization sources, or a vehicle UE cannot receive the signals from eNB through Uu interface when the vehicle UE synchronizes to GNSS and the vehicle UE does not have reference timing from eNB. The agreements of RAN1 #82 bis meeting, RAN1 #83 meeting, RAN1 #84 bis meeting, RAN1 #85 meeting, RAN1 #86 meeting, and RAN1 #86 bis meeting related to the topic are summarized in the following [1-6].
In RAN1 #82 bis meeting [1], the following agreements were made:
Agreements:
· “Vehicle” UE indicates UE in PC5 V2V. This terminology is only used for discussion convenience.
· 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.
· eNB instructs vehicle UE to prioritize either eNB-based synchronization or GNSS or GNSS-equivalent at least when the eNB is in the carrier where the vehicle UE operates on PC5 V2V
· RAN1 assumes that eNBs may not always have GNSS or GNSS-equivalent
· Asynchronous network case should be supported.

In RAN1 #83 meeting [2], the following agreements were made:
Agreements: Synchronization
SLSS and PSBCH transmission of UE is supported for PC5 based V2V. 
· 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:
· FFS whether there is any differentiation depending on whether eNB is synchronized to GNSS in the corresponding SLSS transmissions

In RAN1 #84 bis meeting [3], the following agreements were made:
Agreements:
· Whether eNB timing or GNSS timing is prioritized can be per carrier cell-specifically configured by the cell on which an UE camps
· The carrier that UE camps on can be different carrier other than the carrier that the priority is configured
· If the UE does not receive such a configuration, UE selects synchronization source with the same priority order as out of coverage case
· FFS: The priority order for out of coverage case

In RAN1 #85 meeting [4], the following agreements were made:
Agreements:
· 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.

In RAN1 #86 meeting [5], the following agreements were made:
Agreements:
· GNSS is at the highest priority of synchronization source for time and frequency when the following conditions are met:
· The UE is out of coverage  on the V2X carrier (as defined by RAN2)
· The UE does not receive any eNB synchronization configuration 
· The UE directly receives GNSS with sufficient reliability (as defined by RAN4)
· The UE does not receive any SLSS_net signal  with in-coverage indicator 1
· The existing agreements apply when at least one of the above conditions is not met.
· FFS UE behaviour when the UE is out-of-coverage and receives SLSS_net.
· RAN1 observed the potential benefit of (pre)configuring an offset to shift the DFN #0 w.r.t the reference timing derived from GNSS. RAN1 assumes that RAN2 will decide whether this feature will be included in the outcome of V2V WI.
· The offset is in range [0, 1 ms] with the granularity of 1 us.

In RAN1 #86bis meeting [6], the following agreements were made:
 Agreements:
· Rel-12 mechanism is re-used to determine the subframe used for transmissions of SLSS/PSBCH from out-coverage UEs synchronized to SLSS, i.e., two SLSS resources are pre-configured for an out-coverage UE, one is used for SLSS of UE’s syncRef and the other is used for SLSS transmission of the UE.
· Working assumption: An out-coverage UE directly synchronized to GNSS transmits SLSS/PSBCH on the pre-configured sync resource which is one of the two preconfigured sync resources.
· FFS: Out-coverage UE indirectly synchronized to GNSS
· In the other resource, the UE receives PSBCH potentially transmitted from an in-coverage UE.
· FFS whether a UE that selected SLSS ID = 0 as its sync reference transmits SLSS = X (FFS 0 or 168) and PSBCH in a different resource.
· FFS PSBCH content if transmits

 Agreements:
· PSBCH contains 48 bits
According to the above agreements in 3GPP RAN1 meeting, in this contribution, we will focus on the discussion for timing misalignment issue in the V2V communications with different reference timings from eNB and GNSS. And we propose that coordination between eNB and GNSS synchronization sources should be considered for V2V communications to address the timing misalignment issue. Besides, some new indicators could be included in the PSBCH to help to address the timing misalignment issue.
Coordination among multiple synchronization sources for V2V communications
From above agreements in 3GPP RAN1 meeting, it was agreed that GNSS has highest priority in the above conditions agreed in RAN1 #86 meeting. Also, the eNB can instruct a UE to prioritize eNB or GNSS as a synchronization source when the eNB is deployed in that carrier, such as in-coverage scenario. Hence, the multiple synchronization sources in V2V communications can be GNSS/GNSS-equivalent, GNSS/GNSS-equivalent based, eNB, and eNB-based synchronization sources. However, if eNB and GNSS synchronization sources have different timings, there will be a timing misalignment issue between the two synchronization sources. In the following, we will introduce the timing misalignment issue among multiple synchronization sources and share our views to address this issue in V2V communications.
Issues in multiple synchronization sources for V2V communications
An illustration of timing misalignment between different reference timings from eNB and GNSS in V2V communications is shown in Fig.1. In this figure, vehicle UEs in group 1 synchronize to eNB and vehicle UEs in group 2 synchronize to GNSS. However, vehicle UEs in group 1 cannot communicate to vehicle UEs in group 2 because the reference timings from eNB and GNSS are different.
Observation 1: In V2V communications, if eNB and GNSS synchronization sources have different timings, there will be a timing misalignment issue between the two synchronization sources. This implies that a vehicle UE cannot communicate to another vehicle UE when the vehicle UE synchronizes to eNB and another vehicle UE synchronizes to GNSS, for example. 
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Figure 1: An illustration of timing misalignment between different reference timings from eNB and GNSS in V2V communications
Another illustration of timing misalignment between different reference timings from eNB and GNSS in V2V communications is shown in Fig.2. In this figure, vehicle UEs in both group 1 and group 2 synchronize to GNSS, and hence they can communicate to each other if the strength of the received signal is large enough because they have the same reference timing from GNSS. However, the in-coverage vehicle UEs in group 1 cannot receive the signals from eNB through Uu interface because the vehicle UEs do not have reference timing from eNB. 
Observation 2: In V2V communications, if eNB and GNSS synchronization sources have different timings, there will be a timing misalignment issue between the two synchronization sources. This implies that an in-coverage vehicle UE cannot receive the signals from eNB through Uu interface when the vehicle UE synchronizes to GNSS and the vehicle UE does not have reference timing from eNB, for example. 
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Figure 2: Another illustration of timing misalignment between different reference timings from eNB and GNSS in V2V communications
Timing alignment among multiple synchronization sources
For the above-mentioned timing misalignment issue, we propose that coordination between eNB and GNSS synchronization sources should be considered for V2V communications. At first, a one-bit indicator to show that eNB is synchronized to GNSS or not needs to be considered. For example, bit 1 indicates that eNB is synchronized to GNSS and the time difference between eNB and GNSS is known by eNB, and bit 0 indicates that eNB is not synchronized to GNSS and the time difference between eNB and GNSS is unknown by eNB. The indicator may be sent by eNB through SIB or control channel. And, the indicator can be received by in-coverage synchronization sources with eNB reference timing and then the indicator can be forwarded by the in-coverage synchronization sources through PSBCH.
Besides, another indicator with time gap information between eNB and GNSS synchronization sources needs to be considered. From the above-mentioned one-bit indicator, we can know that eNB is synchronized to GNSS or not. For the case that eNB is synchronized to GNSS, the time gap information can be provided by eNB. For the case that eNB is not synchronized to GNSS, the time gap information can be measured by a vehicle UE and then the time gap information can be reported to eNB. Moreover, the indicator with time gap information could be included in the PSBCH.
 
Proposal 1: Coordination between eNB and GNSS synchronization sources should be considered for V2V communications to address the timing misalignment issue.
Proposal 2: For the coordination between eNB and GNSS synchronization sources for V2V communications, a one-bit indicator to show that eNB is synchronized to GNSS or not needs to be considered. 
Proposal 3: For the coordination between eNB and GNSS synchronization sources for V2V communications, another indicator with time gap information between eNB and GNSS synchronization sources needs to be considered. Besides, the generation procedure related to the indicator also should be considered. 
Conclusions
We will introduce the timing misalignment issue among multiple synchronization sources and share our views to address this issue in V2V communications. Our proposals and observations are 
Observation 1: In V2V communications, if eNB and GNSS synchronization sources have different timings, there will be a timing misalignment issue between the two synchronization sources. This implies that a vehicle UE cannot communicate to another vehicle UE when the vehicle UE synchronizes to eNB and another vehicle UE synchronizes to GNSS, for example. 
Observation 2: In V2V communications, if eNB and GNSS synchronization sources have different timings, there will be a timing misalignment issue between the two synchronization sources. This implies that an in-coverage vehicle UE cannot receive the signals from eNB through Uu interface when the vehicle UE synchronizes to GNSS and the vehicle UE does not have reference timing from eNB, for example. 

Proposal 1: Coordination between eNB and GNSS synchronization sources should be considered for V2V communications to address the timing misalignment issue.
Proposal 2: For the coordination between eNB and GNSS synchronization sources for V2V communications, a one-bit indicator to show that eNB is synchronized to GNSS or not needs to be considered. 
Proposal 3: For the coordination between eNB and GNSS synchronization sources for V2V communications, another indicator with time gap information between eNB and GNSS synchronization sources needs to be considered. Besides, the generation procedure related to the indicator also should be considered. 
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