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1 Introduction
The Rel-13 SI on LTE-based V2X Services [1] is currently under evaluation in RAN1. A LS has been sent [2] to RAN4 for the synchronization assumption of this topic. 
The text of the LS is as below:
1. Overall Description:

RAN1 discussed evaulation assumptions for LTE-based V2X and would like to ask guidance about synchronization error at the vehicle with high mobility when GNSS is used and when eNB signal is used. It is noted that RAN1 agreed to evaulate PC5-based V2V assuming 6 GHz and 2 GHz frequencies, and RAN1 will assume at least the case where frequency error (i.e., error in the oscillator) is in the range of +- 0.1 PPM until RAN1 receives guidance on this assumption.

2. Actions:

To RAN WG4
ACTION: 
RAN1 respectfully asks RAN4 to provide guidance about synchronization error at the vehicle with high mobility when GNSS is used and when eNB signal is used.

In this contribution we provide our feedback regarding RAN1 request. The draft proposal for the response LS is included in the companion contribution [3].
2 Discussion
Before discussing synchronization accuracy according to RAN1 request, it is benefit to clarify the frequency error specified in RAN4. The frequency error of ±0.1 PPM, which is specified in TS36.101, is stated as:
The UE modulated carrier frequency shall be accurate to within ±0.1 PPM observed over a period of one time slot (0.5 ms) compared to the carrier frequency received from the E-UTRA Node B.
Furthermore, in TS36.521 it is indicated that:

This test verifies the ability of both, the receiver and the transmitter, to process frequency correctly.

Receiver: to extract the correct frequency from the stimulus signal, offered by the System simulator, under ideal propagation conditions and low level.

Transmitter: to derive the correct modulated carrier frequency from the results, gained by the receiver.

Hence this requirement reflects the accumulated impact from whole TRX chain on output frequency accuracy under ideal propagation condition with the carrier frequency received from eNB as reference frequency. Based on above comprehensive understanding on frequency error requirement for normal terminal, the corresponding accuracy could be estimated in the context of vehicle with it dedicated frequency as reference. 
As pointed in the LS two scenarios are considered in RAN1 study for the synchronization reference source as below:

· Scenario 1 : synchronization based on GNSS at least for out of coverage operation
· Scenario 2: synchronization based on eNB signal

In both scenarios, the synchronization error is derived from three aspects, i.e. synchronization resource accuracy, impact of Doppler frequency shift, and frequency error of vehicle own transceiver.
When the vehicle is equipped with GNSS module, it could synchronize according to received UTC time. Considering the relative velocity between satellites and vehicle is neglectable, the impact of Doppler shift in this condition could be ignored. Hence the frequency error mainly comes from GNSS module and vehicle basic transceiver. 
The 99% accuracy for timepulse signal of a commercial available GPS module is within 60ns, which is equal to ±0.06 PPM. We take this value as the typical accuracy of GNSS module. For the frequency error due to vehicle basic transceiver, the related discussion on D2D UE frequency stability could be taken into account. The corresponding feedback of RAN4 in [4] is that:
The component of carrier frequency error corresponding to the change in UE’s oscillator frequency due to variations in temperature can be assumed to be in the order of ±0.1ppm/sec.
In that discussion it is believed that the frequency error of UE will depend on a number of factors but mainly be affected by the aging and temperature of the oscillator in the UE. Furthermore, it is assumed that the aging impact on frequency accuracy is not significant considering the recent synchronization to network. So the feedback focused on the frequency stability due to temperature. In the context of V2X discussion this conclusion could be adopted to approximatively reflect the frequency impact due to basic UE TRX chain. 
Consequently, we propose that the synchronization frequency error based on GNSS can be assumed to be in the order of ±0.16ppm.
In the case of synchronization based on eNB signal, the V2V communications will face a larger Doppler shift considering high vehicle speed and GNSS may lose at vehicle. Then D2D synchronization mechanism is applied. This condition is illustrated as below:
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The vehicle A and vehicle C in above figure are taken as example. Both vehicles are synchronized according to the same eNB signal at frequency F0. Then transmitted frequency of vehicle A is equal to F1+[Doa] ±0.05ppm±0.1ppm and the transmitted frequency of vehicle A is equal to F1+[Doc] ±0.05ppm±0.1ppm if the output carrier frequency of vehicle is assigned with F1. Doa and Dob denote the Doppler frequency shift experienced by vehicle A and vehicle C respectively, they are kept in square bracket because whether and how the Doppler shift for high speed condition is compensated in practical system is implementation issue and it is suggested to deliver it for RAN1 decision. The eNB frequency error of ±0.05ppm is also taken into account as synchronization resource accuracy. Then the frequency error based on eNB signal should be less that [Doppler shift] ± 0.15ppm. Here we just provide an estimated upper bound. It is possible to obtain better frequency error performance as the frequency drift in UE /eNB and Doppler shift may be compensated to some extent. 
3 Conclusion

In this contribution we discuss on the synchronization error asked by RAN1 LS on V2X study and provide two proposals as:

Proposal 1: Synchronization frequency error based on GNSS can be assumed to be in the order of ±0.16ppm.
Proposal 2: Synchronization frequency error based on eNB signal should be less that [Doppler frequency shift] ± 0.15ppm. It is up to RAN1 to determine to what extent the Doppler shift could be compensated at vehicle with high mobility.

It should be noted that the frequency error discussed here for V2X vehicle is difference between the transmitted frequency and the dedicated frequency of the vehicle.
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