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1 Introduction

Two LS on synchronization error in LTE-based V2X were sent by RAN1 [1] [2] to consult on the synchronization error when implemented by GNSS or eNB signal. The LS [1] is copied as:
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 freuency error (i.e., error in the oscillator) is in the range of +- 0.1 PPM until RAN1 receives guidance on this assumption.
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 [2]:
RAN1 asked guideline on the UE synchronization accuracy for LTE-based V2X in LS R1-154982.

RAN1 is discussing how to use the synchronization accuracy correctly in V2V simulations over PC5.

ACTION: 
RAN1 respectfully asks RAN4 to clarify within the reply LS to R1-154982, for the case where a UE derives its frequency synchronization from an eNB, whether the accuracy takes into account the potential Doppler shift due to mobility between the UE and the serving eNB, or not. If potential Doppler shift is not included in the frequency error, RAN1 asks RAN4 to provide answer above to which extent frequency error is impacted by Doppler shift based on attached RAN1 evaluation assumptions
In last meeting, these two LS-es were extensively discussed but no consensus was reached. In this contribution, we continue to discuss this issue and provide some understanding on frequency error.

2 Discussion

In TS 36.101, UE frequency error is specified within ±0.1 PPM compared to the carrier frequency received from the E-UTRA Node B. For LTE-based V2X, this frequency error requirement will not change because the mobility between UE and BS will not change though the UE (vehicle) to UE (vehicle) mobility become higher. 

For the received frequency from E-UTRA Node B, it should include eNodeB frequency error and Doppler Effect due to UE mobility compared with the assigned frequency. If the propagation condition between eNodeB and UE is LOS, Doppler Effect is like a specific frequency shift (maximum Doppler shift) because there is only one path. However, if the propagation condition between eNodeB and UE is NLOS, Doppler Effect is a frequency spread because there are multiple paths. In this case, the frequency shift can be averaged between multiple paths and the final frequency shift of the signal can be seen as an average value and varies between the maximum shift and the average value. 

In addition, for some UE implementation, frequency shift caused by Doppler Effect may be compensated like in high speed train scenario. However, RAN4 has not discussed it and compensation is not covered by RAN4 requirement. 

Based on above discussion, in the worst case, the received frequency from E-UTRA Node B includes eNodeB frequency error and maximum Doppler shift due to UE mobility. However, in most cases the Doppler shift considered by frequency error in the received signal is less than the maximum shift value like in NLOS scenario or UE with a good implementation.

Besides eNodeB, GNSS can also be used to provide a more precise frequency reference and discipline local oscillator for UE (vehicle) when GNSS is available. There are some commercial GNSS modules in the market like [3] which integrate low phase-noise 30.72 MHz system reference oscillator disciplined by GNSS and can be used directly as the reference for RF PLL to generate RF signals. The frequency accuracy of the output reference when GNSS is locked can be less than 5ppb and 100ppb for holdover of more than 24hours. RF PLL may further degrade this frequency accuracy depending on the implementation. For typical examples, assuming a 24bit fraction-N PLL is used, the frequency resolution is 1.83Hz, which is a very small degradation and can be overlooked. If the fraction-N PLL is 21bit, the frequency resolution is 14.6Hz, which means 0.0075ppm for 2GHz and 0.0025ppm for 6GHz. If the fraction-N PLL is 18bit, the frequency resolution is 117Hz, which results 0.058ppm for 2GHz and 0.019ppm for 6GHz. As the technology developed, the fraction bit width in the RF PLL always can be good enough for us. So we propose to adopt at least +/-0.05ppm frequency error for GNSS synchronization.
3 Conclusion
Based on above discussion, it is proposed to assume +/-0.05ppm frequency error when GNSS is used and +/-0.1ppm frequency error when eNodeB signal is used for RAN1. When eNodeB signal is used, eNodeB frequency error and Doppler Effect should be considered.
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