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1. Introduction

At the RAN#68 meeting, a study item on LTE-based V2X services was approved [1]. One of the objectives for the SI is to identify any necessary PC5 enhancements for V2V services considering high Doppler case (e.g. up to 280km/h up to 6GHz), so the first step is to investigate the possible impact of Doppler shift on receiving performance with current PC5 design. In this contribution, our discussion focuses on impact caused by high Doppler shift on channel estimation and carrier frequency estimation through link level simulation.
2. Discussion

2.1. Impact of Doppler shift
Doppler shift caused by relative speed between transmitter and receiver has two main effects. One is carrier frequency offset (CFO) introduced to the received signals. For LTE system based on OFDM and SC-FDM, frequency error would destroy the orthogonality between adjacent subcarriers and results in inter-carrier interference (ICI). The other one is channel variation. With high Doppler shift, the channel response may vary significantly hence it is a challenge for the receiver to track the variant channel. 
Let fd=(fc*v/c) be the maximum Doppler shift, where fc is the carrier frequency, v is the UE speed in metres per second, and c is the speed of light. According to [2], the relative velocity between 2 UEs supporting V2X Services would be up to 280km/h, considering the 6GHz frequency band for future V2X services, fd would be up to 1556 Hz. So the CFO caused by Doppler shift would be 0.26ppm when it is normalized to carrier frequency, which cannot be ignored compared with the 0.1ppm maximum synchronization error between eNB and a UE. 
Channel variation can be reflected by coherence time, which is defined as the size of the time interval when the magnitude of auto-correlation function of the channel response at a certain frequency stays above a certain threshold. That is to say, within a time interval shorter than the coherence time, the channel can be assumed time-invariant. The most common definition of coherence time is Tc=0.423/fd. With above assumption, Tc=0.27ms when fd is 1556 Hz. It means that if the time interval between two reference signals for channel estimation is larger than 0.27ms, the receiver could not effectively track the time-variant channel. 
2.2. Gap between V2V requirements and current D2D design on DM-RS
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Fig.1 signal structure in current D2D design

Fig.1 illustrates the signal structure in current D2D design. With either normal CP length or extended CP length, the time interval between two DM-RSs is about 0.5ms. However, according to above analysis, it is not enough to support Doppler shift up to 1556 Hz. Let St denote the period of pilot symbols in time. In order to effectively keep track of the time-varying channel characteristics, the interval between two consecutive DM-RSs should satisfy St≤Tc, i.e., the interval between DM-RSs should be shorter than 0.27ms. 
Another issue is the estimation range of CFO, which is also determined by the interval between two identical DM-RSs. Given l1 and l2 is the symbol index of two DM-RSs in one subframe, denote the symbol length and the CP length by N and Ng respectively, due to the phase ambiguity problem in CFO estimation algorithm, the CFO estimation range is fe=N/(2*(l2-l1)*(N+Ng))*fsc, where fsc is subcarrier spacing. Based on current signal structure, the maximum estimation range is about 1kHz, while the CFO caused by Doppler shift would be up to 1556Hz and it is out of the estimation range. To accommodate larger CFO estimation range, the interval between two identical DM-RSs may need to be shortened.
Table 1 summarizes the gap between V2V requirement and current design on DM-RS
Table 1 Gap between V2V requirement and current design on DM-RS
	
	V2V requirement
	Current D2D design support

	Speed of terminal
	280km/h
	60km/h

	Carrier frequency
	6GHz
	2GHz, 700MHz

	Coherence time
	0.27ms
	0.5ms

	CFO estimation range
	>1.5kHz
	~1kHz


Observation 1: The channel coherence time in V2V scenario may be shorter than the interval of current D2D DM-RSs.

3. Link level simulation
In this section, we evaluate the impact of high Doppler shift on performance of current D2D DM-RS design, mainly considering the impact on CFO estimation and channel estimation. Simulation assumption is listed in the appendix. With 6GHz carrier frequency, the maximum Doppler frequency shift at 60km/h, 160km/h and 280km/h are 333Hz, 889Hz and 1556Hz respectively.
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Fig. 2 Normalized MSE of CFO estimation at 2GHz          Fig. 3 Normalized MSE of CFO estimation at 6GHz

Fig. 2 and Fig. 3 show the normalized MSE of CFO estimation by a typical algorithm computing the phase difference between two DM-RSs in frequency domain, where normalized MSE is computed by: 
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. As a reference, Fig. 2 shows the estimation performance at 2GHz with 5km/h moving speed. It can be observed that NMSE can reach a 10-3 level which is sufficient for following receiving process. In Fig.3, only the performance with 0.1 ppm CFO is showed, for 0.2ppm CFO at 6GHz (1200Hz) is already larger than the estimation range. It can be observed that high moving speed degrades the CFO estimation performance significantly, especially when the moving speed is up to 280km/h even the 0.1ppm CFO is within the estimation range of current DM-RSs. There are mainly two reasons for performance degradation: 1) Doppler shift results in additional CFO, hence the final CFO would be larger than the estimation range of current 2 DM-RSs; 2) typical CFO estimation algorithm assumes identical or correlated channel responses on two DM-RSs, however with high Doppler shift the channel is time variant, which will degrade the estimation accuracy.
The impact of Doppler shift on channel estimation is evaluated through BLER performance. Fig. 4 shows the BLER performance vs. SNR with different moving speed. MMSE channel estimation without interpolation among DM-RS symbols is assumed, and residual CFO resulting from oscillator instability is assumed to be 0.
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Fig.4 BLER performance vs. SNR
Obviously, with the moving speed increasing, the BLER performance degrades, especially at speed 280km/h, the performance cannot be acceptable. The main reason is that the correlation between DM-RSs and other symbols is weakened by Doppler shift; hence the estimated channel spread from DM-RSs cannot reflect the real channel. So shorten the interval of DM-RSs to be within the channel coherence time is necessary. 
Observation 2: The density of current D2D DM-RSs is not enough to combat the high Doppler shift effect in V2V.
Proposal: DM-RS densification or other equivalent should be studied.

4. Conclusion

In this contribution, we analyse the impact of Doppler shift as well as the gap between V2V requirement and current D2D design on DM-RS. Based on the discussion and simulation results, observations and proposals are summarized below:
Observation 1: The channel coherence time in V2V scenario may be shorter than the interval of current D2D DM-RSs.

Observation 2: The density of current D2D DM-RSs is not enough to combat the high Doppler shift effect in V2V.

Proposal: DM-RS densification or other equivalent should be studied.
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Appendix 
Table 2: Simulation assumption
	Carrier frequency
	6 GHz for PC5

	Bandwidth
	10 MHz

	Antenna
	1 Tx / 2 Rx at UE

	Channel model
	EVA

	Vehicle UE speed
	60, 160, 280 km/h

	Modulation order
	QPSK

	Resource
	32 RBs within 1 subframe

	Payload size
	200 bytes

	Synchronization
	Timing: Ideal 
Frequency: Ideal / Practical 
· residual frequency error of 0.0 – 0.3 ppm

	Channel estimation
	MMSE without interpolation among DM-RS symbols
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