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1. Introduction
In this contribution, we discuss synchronization enhancements for PC5-based V2V.
2. Discussions
In rel. 12/13 D2D, out-of-coverage UE should accumulate at least 10 SLSSs for acceptable synchronization performance since initial frequency offset in so-called “cold state” is 10 ppm. This causes significant latency just for synchronization. On the other hands, it can be assumed that a vehicle in V2V is aware of its location. This implies that a vehicle is receiving some signal which gives the location information (e.g., GNSS, PRS, or any other signal providing positioning information), and oscillator of the vehicle is already stabilized by using the received signal. Therefore, we do not need to consider the “cold state” for V2V operation.
Observation 1: In V2V operation, it is assumed that even an out-coverage vehicle has stabilized its frequency (e.g., the synchronization error is bounded by +- 0.1 ppm).
At least when a vehicle is at a location where no network signaling is available in any carrier, GNSS is a good candidate not only for the positioning information but also for the synchronization reference. For example, each vehicle UE can determine D2D (sub) frame boundary and frame number without reception of other UE’s synchronization signal due to the time clock for subframe boundary obtained from the GNSS signal reception. If there is a UE wants to transmit data, the UE can transmit data directly in a selected subframe(s) based on GNSS clock. The DFN (D2D frame number) could be derived from UTC (coordinated universal time) via GNSS signals. This operation is beneficial in that a common synchronization reference is used across multiple UEs in wide area. We note that any synchronization source other than LTE signal can be generalized as “external synchronization source” as in the discussion of Rel-12 D2D study item.
Proposal 1: External synchronization source such as GNSS is introduced at least when a vehicle is at a location where no network signaling is available in any carrier. 
If GNSS based synchronization is supported for PC5-based V2V operation, synchronization signal transmission such as SLSS for UE-to-UE synchronization is an auxiliary purpose for vehicle UEs with no or loss GNSS synchronization. For example, time/frequency synchronization of vehicles within a tunnel or under bridge can be synchronized by listening to other vehicle’s SLSS. In order to enable communication between a UE receiving GNSS signal and a UE not receiving GNSS, a UE synchronized to GNSS needs to transmit SLSS. Such SLSS transmissions should be differentiated from those following Rel-13 procedure by using different resource, SLSS ID, and/or PSBCH contents. Detailed operations need to be studied further. For the detailed design of SLSS and PSBCH, the existing structure should be the baseline in order to minimize the specification impact, but the DM RS of PSBCH may need to be modified in accordance with the discussion in [1].
Proposal 2: A UE using GNSS as timing reference can transmit SLSS. Detailed UE behavior should be further studied. 
Proposal 3: Use Rel-13 SLSS/PSBCH design as the baseline.

Once an external synchronization source like GNSS is introduced for PC5-based V2V, it is important to consider the synchronization procedure of a UE which is inside the network coverage at least in a carrier. If the eNB providing the network coverage is already synchronized to GNSS, either eNB signal or GNSS will provide almost equivalent timing reference and no significant problem is expected in operating GNSS-based PC5 inside network coverage as the subframe-wise TDM is basically possible between PC5 and Uu. On the other hands, if eNB is not synchronized with GNSS like in asynchronous FDD deployment, following GNSS timing inside network coverage implies that the eNB is not aware of at which time instance the UE operates PC5 and there can be significant impact in coexisting PC5 and Uu. As there is tradeoff between PC5 synchronization performance and impact on Uu, it would be a reasonable for the operator to decide whether or not GNSS-based synchronization is allowed inside network coverage.
Proposal 4: eNB can configure whether an external synchronization source like GNSS can be used as timing reference. 
Introducing the possibility of using GNSS-based synchronization inside network coverage requires further considerations at least on the following aspects:
· Synchronization reference selection priority: The above discussions imply that at least two more synchronization reference types need to be considered in addition to those defined in Rel-13. One is the external synchronization reference itself, and the other is SLSS transmitted from UEs synchronized to the external synchronization reference. So, the priority of each reference type needs to be defined in the relation to the existing priority order eNB -> in-coverage UE -> out-coverage UE receiving SLSS from in-coverage UE -> other out-coverage UE. We note that some configurable priority may be considered for better flexibility.

· Impact on Uu: If a UE operates PC5 based on GNSS while being connected to a cell having different timing, it becomes difficult to do subframe-wise TDM between PC5 and Uu. For example, UL transmission in a subframe is likely to collide with PC5 transmission/reception in two subframes. We note that this problem may happen even when Uu and PC5 use different carriers, e.g., by the limitation of total transmission power for Uu and PC5.
· Frequency synchronization reference: The synchronization in the above discussion is mostly about the timing synchronization which defines the subframe boundary. For the frequency synchronization, it needs to be discussed whether the UE keeps the reference from the serving cell even when it is using GNSS as the timing reference. A typical UE implementation does not change the frequency synchronization reference across time, and this assumption was the basis of Rel-12 D2D performance requirement; for example, a UE performing inter-cell asynchronous D2D reception uses its serving cell as the frequency reference although SLSS from a neighboring cell UE is the timing reference [2,3].
· Determination of “in-coverage” and “out-coverage”: In Rel-12/13 D2D, in-coverage or out-coverage is determined in a per-carrier manner. In other words, a UE performs out-coverage operation in a carrier if there is no cell in that carrier; this is independent of whether there is a cell in another carrier. However, a different approach may be advantageous in V2V. For example, when two UEs are operating PC5-based V2V in a carrier where no cells are deployed, if the two UEs are also connected to the synchronized cells via another carrier, they can communicate with each other without requiring SLSS-based synchronization. Thus, the definition of “in-coverage” and “out-coverage” needs to be further studied.
Proposal 5: Using GNSS-based synchronization inside network coverage requires further considerations at least on the following aspects: synchronization selection prioritization, impact on Uu, frequency synchronization, and definition of in-coverage and out-coverage.
3. Conclusion
This contribution discussed synchronization enhancements for PC5-based V2V. Based on discussions, the following observation and proposals were made:
Observation 1: In V2V operation, it is assumed that even an out-coverage vehicle has stabilized its frequency (e.g., the synchronization error is bounded by +- 0.1 ppm).
Proposal 1: External synchronization source such as GNSS is introduced at least when a vehicle is at a location where no network signaling is available in any carrier.
Proposal 2: A UE using GNSS as timing reference can transmit SLSS. Detailed UE behavior should be further studied. 

Proposal 3: Use Rel-13 SLSS/PSBCH design as the baseline.

Proposal 4: eNB can configure whether an external synchronization source like GNSS can be used as timing reference. 
Proposal 5: Using GNSS-based synchronization inside network coverage requires further considerations at least on the following aspects: synchronization selection prioritization, impact on Uu, frequency synchronization, and definition of in-coverage and out-coverage.
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