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1. Introduction

In the scope of LTE-based V2X services study item, one objective is to identify any necessary PC5 enhancements for V2V services considering high Doppler case (e.g. up to 280km/h up to 6GHz). In our previous contribution [1], we have discussed the necessity of DM-RS enhancement from analysis and simulation. In this contribution, we will discuss some enhanced DM-RS options and show updated evaluation results based on the channel model agreed at RAN1#82 meeting [2]. 
2. Discussion

2.1. Impact of Doppler shift
Doppler shift can cause channel variation and introduce carrier frequency offset to the received signals. Considering an operating carrier up to 6GHz for V2V communication, the maximum Doppler shift fd will be up to 1556 Hz when the relative moving speed between two vehicles assumes 280km/h [3]. Based on this assumption, Table 1 summarizes gap between V2V requirement and current design on DM-RS, in which the coherence time 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. Typically, coherence time can be computed by Tc=0.423/fd.
 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


With 0.5ms interval between two DM-RS symbols, it can be concluded that current D2D DM-RS structure is not enough to support Doppler shift up to 1556 Hz. In order to effectively keep track of the time-varying channel characteristics, the interval between two consecutive DM-RSs St should satisfy St≤Tc, that is to say, St for V2V should be shortened to about 0.27ms.
The estimation range of CFO may be another issue, which can be derived from the interval between two identical DM-RS symbols. 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, which is smaller than the possible maximum 1556HzCFO caused by Doppler shift. To accommodate larger CFO estimation range, the interval between two consecutive DM-RSs need to be shortened.
2.2. DM-RS enhancement for V2V
Based on the above discussion, to increase the DM-RS is an effective way to combat high Doppler shift. Following optional solutions may be considered.
Alternative 1: Directly increase DM-RS symbols in time domain
Two examples for normal CP case are showed in Fig. 1 (b) and (c), in which subframe structures with 3 DM-RS symbols and 4 DM-RS symbols are illustrated respectively. In Fig. 1(b), the interval between two DM-RS symbols is about 0.285ms. In Fig. 1 (c), the larger interval is also about 0.285ms and the smaller one is about 0.214ms. Both intervals are comparative to the coherence time of channel with maximum Doppler shift being up to 1556Hz. The main disadvantage is that the pilot overhead is increased accordingly.
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(a) 2 DM-RSs (Rel-12) 


(b) 3 DM-RSs 


     (c) 4 DM-RSs
Fig. 1 Example subframe structures with different number of DM-RS symbols
Alternative 2: Use OFDM signal with interleaved pilots 
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Fig. 2 OFDM format signal with interleaved pilots
The signal structure in this alternative is similar to PDSCH with interleaved pilot subcarriers. OFDM format is used instead of SC-FDM format. Fig. 2 shows an example multiplexing pilot subcarriers in four symbols, in which half of subcarriers in each symbol will be taken place by pilots. The interval between pilots in time domain is decreased while the pilot overhead is kept same as that in Fig. 1 (a). As is well known, OFDM format signal has higher cubic metric compared with SC-FDM format signal; hence power back-off should be taken into account. Also, this may have significant impact on UE complexity. By introducing OFDM format on PC5, significant specification impact on RAN1 and RAN4 is expected. 
Alternative 3: Shorten the symbol duration
Since larger subcarrier spacing is more robust to Doppler shift, we can reduce the symbol duration to achieve this. Simultaneously, the pilot overhead may be kept same as that in D2D signal structure when increasing the number of DM-RS symbols in a subframe due to shortened symbol duration. Fig. 3 shows an example on the signal structure with shortened symbol duration and densified DM-RS symbols. In this example, both the symbol duration and CP length are halved, and the interval between two consecutive DM-RS symbols is about 0.25ms, which is less than the coherence time discussed in previous section. The last two symbols can be left for guard period. A shortcoming is that when CP length is decreased, the received signal is apt to be impacted by inter symbol interference caused by large multipath delay spread. Otherwise, the overhead of CP will increase. Furthermore, it is not compatible with the basic LTE numerology and may cause big impact to RAN1 and RAN4 specification.
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Fig.3 signal structure with shortened symbol duration
Table 2 lists the pros and cons of these alternatives. Trade-off between performance and other issues like overhead, compatibility etc. should be taken into consideration.

Table 2 Pros and Cons of enhanced DM-RS options

	
	Pros
	Cons

	Alt.1
	Keep the signal carrier feature by using SC-FDM format signal
	Increase pilot overhead

	Alt. 2
	1) Keep same pilot overhead as that in D2D structure

2) Flexible to multiplex data and pilot
	1) Higher CM than SC-FDM 
2) Big impact to RAN1/RAN4 specification

3) Increase in UE complexity

	Alt. 3
	Keep same pilot overhead as that in D2D structure
	1) Apt to be impacted by multipath delay
2) Big impact to RAN1/RAN4 specification
3) Increase in UE complexity


Proposal: Following alternatives to enhance the DM-RS design can be further studied, considering trade-off between performance and other issues like overhead, compatibility etc.:
· Alternative 1: Directly increase DM-RS symbols in time domain

· Alternative 2: Use OFDM signal with interleaved pilots 

· Alternative 3: Shorten the symbol duration
3. Link level simulation
In this section, we evaluate the performance of example solutions in Alt.1 under high Doppler shift, mainly focusing on the performance of CFO estimation and channel estimation. Simulation assumption is listed in the appendix. With 6GHz carrier frequency, the maximum Doppler frequency shift at relative speed 60km/h, 160km/h and 280km/h are 333Hz, 889Hz and 1556Hz respectively. Signal structures in Fig. 1(a) ~ (c) with 2~4 DM-RSs are assumed. 
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Fig. 4 Normalized MSE of CFO estimation at 6GHz 
Fig. 4 (a)~(c) 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 can be seen, with lower CFO like 0.1ppm, 2RS~4RS can achieve 10-3 level MSE When CFO increases to 0.2ppm, 3RS and 4RS can accurately estimate the CFO; however it is out of the estimation range of 2 RS. When CFO is up to 0.3ppm, only 4 RS with shortened DM-RS interval can estimate it. That means 4 RS with shortened DM-RS interval can cover the range of high Doppler shift up to 1556Hz.
The impact of Doppler shift on channel estimation is evaluated through BLER performance. Fig. 5 shows the BLER performance vs. SNR with different moving speed and different DM-RS symbols. Dual mobility is considered. For example, ‘30-30kmh-2RS’ in the figure means each of two vehicles moving at 30km/h speed and 2 DM-RS symbols are configured. MMSE channel estimation with interpolation is assumed, and residual CFO resulting from oscillator instability is assumed to be 0.
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Fig.5 BLER performance vs. SNR
For lower moving speed {30,30}km/h, 3 DM-RS achieves worst BLER. It is due to trade-off between coding rate and channel estimation gain obtained by DM-RS densification. In the three DM-RS case, the gain from channel estimation is not enough to mitigate the impact of higher coding rate while 4 DM-RS provides sufficient channel estimation gain. So that we can observe that performance for 3 DM-RS case at lower speed is a little worse within 0.5dB degradation. For higher moving speed, i.e.,{80, 80}km/h and {140,140}km/h, the channel estimation gain plays more important role than coding rate gain does. It can be observed that 4 DM-RS structure significantly improves the performance compared with that of 2 DM-RS structure. 3 DM-RS structure also performs better than 2 DM-RS structure, while it is outperformed by 4 DM-RS structure especially at {140, 140}km/h speed.
Observation: For alternative 1, 3 or 4 DM-RSs can improve the performance under high Doppler shift.
4. Conclusion

In this contribution, we continue discuss the impact of Doppler shift on the performance of channel estimation and CFO estimation range. Some alternatives to enhance the DMRS are discussed. Based on the discussion and simulation results, observations and proposals are summarized below:
Proposal: Following alternatives to enhance the DM-RS design can be further studied, considering trade-off between performance and other issues like overhead, compatibility etc.:

· Alternative 1: Directly increase DM-RS symbols in time domain

· Alternative 2: Use OFDM signal with interleaved pilots 

· Alternative 3: Shorten the symbol duration
Observation: For alternative 1, 3 or 4 DM-RSs can improve the performance under high Doppler shift.
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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
	UMi LOS (CDL)

	Vehicle UE speed
	{30,30}, {80,80}, {140,140} km/h

	Modulation order
	QPSK

	Coding
	Turbo Coding

	Resource
	12 RBs/1 subframe for 2 DM-RS symbols, coding rate: 0.4798
3 DM-RS symbols, coding rate: 0.4872
15 RBs/1 subframe for 4 DM-RS symbols, coding rate: 0.4691

	Payload size
	190 bytes

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

	Channel estimation
	MMSE with interpolation among DM-RS symbols
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