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1. Introduction 
According to the Study Item SID for V2V [1], RAN1 should:

Identify any necessary PC5 enhancements for high Doppler case (e.g. up to 280 km/h up to 6 GHz) such as enhanced DMRS, and also synchronization based on GNSS at least for out of coverage operation.
This document provides Sony’s initial views on how high Doppler environments can impact on UE performance and some areas where enhancements to the PC5 interface should be considered. 
2. Discussion
Frequency Synchronisation and Tracking
The Doppler associated with vehicles travelling at relative speeds of up to 280kmph and communicating at carrier frequencies of the order of 6GHz (e.g. using ITS-type spectrum at 5.9GHz) is high. The Doppler shift can be of the order of 1.5kHz.

If the UEs are travelling at a constant relative velocity of 280kmph, the Doppler shift can be handled by the UE synchronising to the combined carrier frequency plus Doppler shift (in this case, the Doppler shift has a similar effect to a frequency offset at the UE’s local oscillator). However, the Doppler shift is not constant as vehicles might be communicating to other vehicles travelling at different speeds or static infrastructure. Even when one vehicle is communicating with one other specific vehicle, the Doppler shift associated with that other vehicle can rapidly change (when passing in opposite directions, the relative velocity can quickly change from +280kmph to -280kmph, leading to a sudden change in Doppler shift of 3kHz: from +1.5kHz to -1.5kHz).

The changing Doppler environment between different vehicles may have impacts on the ability of UEs to achieve synchronisation and to maintain frequency tracking once synchronised. RAN1 should study this issue to determine whether any enhancements are needed to the PC5 interface, e.g. in the areas of the SLSS signals, synchronisation based on GNSS and density of reference signals.
Channel Estimation

Assuming the UE is able to achieve frequency lock with another UE, it still has to contend with a rapidly changing channel within each subframe due to the Doppler environment. There are potentially several strategies that could be applied to dealing with the Doppler environment:

· Increased DMRS density. Increasing the DMRS density in time allows the UE to channel estimate a more rapidly varying channel.

· Physical channel processing enhancements. RAN1 could consider modulation and coding techniques that are resilient to rapidly changing channels, even when good channel estimates are unavailable. For example, applying a differential encoding technique can make the signal more resilient to rapidly changing channels, but with a performance loss at lower speed channels.

· Advanced receivers. Certain implementations may employ advanced receiver algorithms (e.g. based on spatial filters), that are better able to suppress the time varying nature of the channel aroused by the high Doppler spread than conventional receivers. It is FFS whether such advanced receiver architectures would require any support in the standards.
A transmission scheme that is optimised for high speed (e.g. using a higher DMRS density or differential encoding) is likely to be less efficient (than the current PC5 interface) when UEs are operating at a lower speed. If this is the case, RAN1 should consider methods of controlling the transmission scheme (low speed / high speed) employed by the UEs. RAN1 should also consider whether such control should be UE-based or network based, such that high speed-tolerant transmission schemes are only used when there are UEs operating at high speed in the vicinity.   
3. Conclusion

The high Doppler environment that can be observed in V2X communications may require enhancements to the PC5 interface. The high and rapidly changing Doppler may affect the frequency synchronisation, frequency tracking and channel estimation performance of the UE.
Techniques that may enhance performance at high vehicular speeds include increase of DMRS density, enhancements to the synchronisation signals, use of GNSS for synchronisation, enhancements to physical channel processing and support for advanced receivers. It should be possible to control the use of these enhancements, depending on the speeds of vehicles in the vicinity, either from the UE or from the network.
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