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1 Introduction
In the revised work item description for PC5-based V2V [1], it was described that 

“The outcome of this work item should be able to support a relative speed of up to 500 km/h with enhancements/changes (e.g., adaptation of code-rate, the DMRS mapping/structure) (if necessary) to the physical layer structure designed for the relative speed up to 280 km/h”.
The support for relative speed of up to 500kmph is motivated by some specific scenario in some regions, e.g., the autobahn in Germany without speed limits. The relative speed of up to 500kmph is also desirable in view of operators and auto industry [2]. 
In RAN1-83, the agreed assumptions of frequency error modeling consists of the following

· Frequency error: Baseline is to evaluate both {Case 1+Case B} and {Case 2+Case A}. Other cases can be considered, e.g., based on RAN4 feedback.

· Case 1: The extreme case should be assumed, i.e., +0.1 PPM for TX and -0.1 PPM for RX w.r.t. UE’s sync reference. 

· Performance in Case 1 is to check whether the system can work in the extreme case.

· Case 2: Frequency error in each UE is uniformly distributed [-0.1, 0.1] PPM w.r.t. UE’s sync reference.

· Frequency error between sync references of TX and RX:

· Case A: 0 error (i.e., the same reference)

· Case B: The extreme case should be assumed, i.e., +0.05 PPM for TX’s reference and -0.05 PPM for RX’s reference w.r.t. the absolute frequency.
In RAN1-84, it was agreed that the DMRS location option 1 (i.e., #2/5/8/11) for PSCCH/PSSCH for V2V was adopted. 
In this paper, we make considerations on the potential enhancement of the PC5-based V2V physical layer to support a relative speed of up to 500kmph and provide some preliminary evaluation results. The discussions of the evaluation and specification impact of the V2V DMRS enhancement (for up to 280kmph) are discussed in companion paper [3] and some overall summary is provided in companion paper [4].
2 Problems and potential solutions for 500kmph
Potential problems

The relative speed of up to 500kmph together with the possible carrier frequency of 6.0GHz leads to two aspects (reflections of the same thing in essence) that shall be taken into account in the V2V system design:
· Larger frequency offset due to Doppler shift/spread

The maximum Doppler shift can be derived as 2.78kHz for 500kmph with carrier frequency of 6.0GHz. This increases the potential frequency offsets between vehicles to some extent, e.g., in {case1+caseB} as mentioned above, the potential frequency offset between the vehicles could be up to 4.58kHz, accounting for more than 30% of the subcarrier spacing of 15kHz. However, this large potential frequency offset may not be a serious problem since it is still in the frequency offset estimation range of +/-15kHz for the comb DMRS or conventional DMRS with half symbol based algorithm. 
· More severe time varying 

The more important implication of the high mobility is the more drastic time varying or equivalently lower channel coherence time. Under the above conditions, the channel coherence time can be derived as about 0.152ms according to the popular role of thumb 
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denotes Doppler frequency. It is smaller than the DMRS symbol interval (about 0.214ms) for the agreed DMRS symbol positions. Thus we can expect that generally the channel estimation would be degraded severely in the super high mobility scenario. 
Observation 1: For relative speed of 500kmph, the increased frequency offset is still in the frequency offset estimation range, but the channel coherence time is smaller than DMRS symbol interval for the agreed DMRS positions. 
Potential enhancements

In order to guarantee the link reliability of the V2V communication with relative speed of up to 500kmph, enhancement/modifications of the PC5 V2V physical layer shall be considered. In the preliminary considerations, the following options could be further investigated. 
Option-1: Adaptation of MCS rate
In this option, more robust MCS with lower rate may be used for the super high mobility scenario. The potential issues include reduced spectral efficiency, and more importantly the possible error floor due to degraded channel estimation performance. The benefit of this option is that it has no explicit impact on the specification. 
Option-2: New DMRS pattern
This option is to return to the beginning of the study item and study the appropriate DMRS pattern that can support the relative speed of up to 500kmph, e.g., use more DMRS symbols than 4, or the so-called horizontal DMRS pattern for super high mobility. The problem of this option is that it may take a long time exceeding the time schedule for the V2V work item. 
Option-3: Enhanced channel estimation
This option is totally based on the work progress on DMRS enhancement up to now in the V2V study/work item and aims to address the super high mobility issues by utilizing enhanced channel estimation algorithms, which means the agreed DMRS symbol positions of the 4 DMRS symbols remain unchanged. Actually, the channel estimation may be enhanced for the comb DMRS to improve its time tracking capability, although the DMRS symbol interval may exceed the channel coherence time. 
The option 3 is compatible with the current discussions on the DMRS enhancement and has the least impact on the standardization efforts. Thus, we explore the feasibility of the option 3 in more details, which is described in the next section.

3 Evaluations of enhanced channel estimation
In this section, we explore the feasibility of option-3 for the enhancements/changes to the current physical layer design to support relative speed of up to 500kmph. In particular, we investigate the potential channel estimation enhancement for comb DMRS to enable V2V to work well for 500kmph. The consideration of comb DRMS is motivated by the fact that the repetitive structure of the DMRS symbols in time domain could be utilized to improve the channel estimation quality in time domain. That is, the two half DMRS symbols per comb DMRS symbol could be used separately for channel estimation. In this way, the 4 DMRS symbol time instances per subframe can be converted to 8 half symbol time instances in channel estimation, which will benefit the channel interpolation/extrapolation quality for data OFDM symbols. The enhanced channel estimation is described in Appendix B. 
Simulations were performed to evaluate the effect of the enhanced channel estimation. The simulation conditions are shown in Appendix A and the simulation results are shown in Figure 1 and 2, for V2V data and control, respectively. For purpose of comparison, the conventional DMRS with half symbol based algorithms is also simulated. In the simulations, in addition to the regular subcarrier spacing of 15kHz, the subcarrier spacing of 30kHz is also simulated, where the subframe duration is reduced to 0.5ms. Note that although the performance of 30kHz may be better than that of 15kHz, there are some essential issues for the applicability of it, at least including the compatible coexistence with cellular signals and the CP size by half reduction, even on the dedicated V2V carrier (considering the role of eNB-type RSU). Thus, the performance evaluation for 30Khz in this section is just for purpose of comparison as a benchmark. 
From the results, we can get the following observation:

Observation 2: For relative speed of 500kmph, with subcarrier spacing of 15kHz the comb DMRS works well with the enhanced channel estimation, while the conventional DMRS with half symbol based algorithms degrades severely. 
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Figure 1:Results for V2V data: comparison of comb DMRS with the enhanced channel estimation and the conventional DMRS with half symbol based algorithm. 
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Figure 2: Results for V2V SA: comparison of comb DMRS with the enhanced channel estimation and the conventional DMRS with half symbol based algorithm.
Given the enhanced channel estimation discussed in this paper, there may be a concern that how vehicle UE decides when to use the enhanced channel estimation or it always uses it independent of the application conditions. For the enhanced channel estimation, there may be some performance difference from the channel estimation used in [3] for the scenario with relative velocity up to 280kmph, which will be investigated in further studies. 
4 Conclusions

In this contribution, we discussed the potential problems and enhancements/modifications of the PC5-based V2V physical layer to support a relative speed of up to 500kmph and provide some preliminary evaluation results. Based on the discussions, the following observations and proposal are provided. 
Observation 1: For relative speed of 500kmph, the increased frequency offset is still in the frequency offset estimation range, but the channel coherence time is smaller than DMRS symbol interval for the agreed DMRS positions.
Observation 2: For relative speed of 500kmph, with subcarrier spacing of 15kHz the comb DMRS works well with the enhanced channel estimation, while the conventional DMRS with half symbol based algorithms degrades severely.
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6 Appendix A: Simulation Conditions
In this section, we provide summary of simulation parameters of the link level simulations.

Table 1: Summary of link level evaluation assumptions
	Parameters
	Values

	Carrier frequency
	6.0 GHz

	Bandwidth
	10MHz

	V2V packet size
	Control: 40 bits

Data: 1536 bits (about 190 bytes)
Including CRC bits.

	Resource allocation
	Control: 1 PRB

Data: 16 PRBs

No retransmission. 

	MCS
	Control: QPSK, TBCC

Data: QPSK+0.5TC

	DMRS pattern
	Comb DMRS and conventional uplink DMRS

	Antenna configurations
	1 TX antenna and 2 RX antennas

	Channel model
	ITU UMi fast fading NLOS with dual-mobility

	Velocity
	250kmph (i.e., the relative velocity is 500kmph) 

	Frequency error
	1.8kHz, i.e., {Case1+CaseB}

	Timing error
	1 micro second

	Channel estimation method
	LMMSE in frequency and linear interpolation in time 

	Punctured symbols
	The first symbol for AGC and the last symbol for guard time within a subframe.


7 Appendix B: Algorithms Descriptions

In this section, the involved algorithms are described in details.
Channel estimation algorithm for Comb DMRS:

1. After frequency offset compensation (in frequency domain), for each DMRS symbol, convert the interested RBs to time domain;
2. Divide each DMRS symbol in time domain to two half-symbols and convert each half symbol into frequency domain with half size FFT;
3. For each half symbol, perform LMMSE channel estimation in frequency domain by estimating each RB from all the used RBs (note for half symbol, each original RB consists of 6 subcarriers);
4. Make linear interpolation/extrapolation in frequency to estimate the channels of the used RBs (here each RB consists of 12 subcarriers);

5. Make linear interpolation/extrapolation in time domain to estimate the channels of data OFDM symbols from the 8 half DMRS symbols.
Channel estimation algorithm for conventional DMRS:

1. After frequency offset compensation (in frequency domain), for each DMRS symbol, perform LMMSE channel estimation in frequency domain by estimating channels of each RB from all the used RBs;
2. Make linear interpolation/extrapolation in time domain to estimate the channels of data OFDM symbols from the 4 DMRS symbols.

Note the algorithm for frequency offset estimation is described in [3].
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