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1. Introduction

At the RAN#68 meeting, a study item on LTE-based V2X services was approved [1]. The second objective of the SID is as follows:
1) For support of PC5 transport for V2V services (to be completed by RAN#70 – December 2015), at least including:

a) Identify necessary enhancements (e.g. of potential enhancements: mitigate impact of half duplex constraint, reduce resource collision, enhance pool structure, enhance resource patterns, SA information transmitted in same subframe as the associated data) to the resource allocation mechanism to meet identified requirements for robustness, latency, overhead and capacity [RAN1]

b) 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.[RAN1]
Support for PC5 transport for V2V services shall be given the highest priority until RAN#70.

PC5-based V2V operation and parameters in “study on LTE-based V2X services” study item was also discussed during RAN1 #82 [2]. The following agreements were achieved:

Agreements:
Following RAN aspects for PC5-based V2V operation (Tx/Rx of V2V message) are captured in the TR

· (Aspect 1) Operation bands used as test points for evaluation

· Case 1A: 6 GHz

· Case 1B: 2 GHz

                      Note: Case 1B may not be need to be specifically simulated for all scenarios
For Carrier frequency for PC5-based V2V, 6 GHz and 2 GHz are agreed. Capture in TR "Note that the system should work for all the bands up to 6 GHz, including 5.9 GHz. This study is not intended to make any implication for the study on channel above 6 GHz."
 Also for Freeway case, the vehicle speed of 140km/h and 70km/h is agreed.

According to the above objective in the V2X study item and agreements in RAN1 #82, in this contribution, we will focus on the discussion for the system performance impact due to high Doppler effect and the considerations of necessary PC5 enhancements for high Doppler case (e.g. up to 280 km/h up to 6 GHz) such as enhanced DMRS.
2. Discussion on the DMRS considerations for High Doppler Case for V2V
From the above objective in the V2X study item and agreements in RAN1 #82, we will discuss the following issues,

1) The system performance impact due to high Doppler effect.
2) The considerations of necessary PC5 enhancements for high Doppler case for V2V.
We will introduce the two issues in the following subsections.
2.1. The system performance impact due to high Doppler effect
When the UE locates in a fixed location, there is not inter-carrier interference (ICI). Figure 1 shows an illustration of OFDM received signals without Doppler Effect. However, when the UE begins to move, the ICI occurs, as shown in Figure 2. We neglect the noise term, and then the OFDM received signals with ICI can be expressed as follows,
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where Xk, Yk, ICIk are the frequency domain transmitted signal, received signal and ICI terms at k-th sub-carrier, respectively. Besides, Hk,m is the channel frequency response from m-th sub-carrier to k-th sub-carrier.

From the agreements of the V2X study item in RAN1#82 meeting, carrier frequency for PC5-based V2V is 6GHz and 2GHz. Besides, the absolute vehicle speed is 15km/h and 60 km/hr for urban case and the vehicle speed is 70km/h and 140 km/h for freeway case. In the high Doppler case for V2V, for example carrier frequency is 6GHz and the vehicle speed is 140km/h (the maximum absolute vehicle speed may be 280km/h), the normalized Doppler frequency  defined as fd*TU where fd is the maximum Doppler frequency and TU is the useful symbol duration (TU=66.67sec in LTE) will be up to 10.3%. In other words, the normalized Doppler frequency will be up to about 0.1 in the high Doppler case for V2V.
Figure 3 [3] shows the system performance degradation at different normalized Doppler frequency  where =0.001, 0.025, 0.05 and 0.1. Theoretical BER analysis results and simulation results with curves of pre-coded BER versus Eb/N0 associated with variant  were plotted in the figure. An OFDM system with 16-QAM modulation over the 6-tap typical urban (TU6) channel is considered and perfect synchronization and channel estimation are assumed in the simulation. From the figure, we can observe that the theoretical results exhibit good match with the simulated results. Furthermore, the ICI effect results in an error floor and the BER performance gets worse as  increases. And the system performance will be significantly degraded when =0.1. 

Therefore, in the high Doppler case for V2V, for example carrier frequency is 6GHz and the vehicle speed is 140km/h (the maximum absolute vehicle speed will be 280km/h), i.e. =0.1, the system performance will be significantly degraded by the ICI.
Observation 1: In the high Doppler case for V2V, for example carrier frequency is 6GHz and the vehicle speed is 140km/h (the maximum absolute vehicle speed will be 280km/h), the system performance will be significantly degraded by the inter-carrier interference (ICI).
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Figure 1.  An Illustration of OFDM Received Signals without Doppler Effect
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Figure 2.  An Illustration of OFDM Received Signals with Doppler Effect
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Figure 3.  BER versus Eb/N0 at  =0.1, 0.05, 0.025 and 0.001, for theoretical and simulated results in traditional uncoded OFDM systems over the time-varying TU6 channel.
2.2. The considerations of necessary PC5 enhancements for high Doppler case for V2V
DMRS is used to estimate channel. Based on the assumption that channel varies linearly during two neighboring DMRS symbols, DMRS symbols can be used to effectively estimate channel by using linear interpolation method. However, when channel varies fast and non-linearly during two neighboring DMRS symbols, the accuracy of channel estimation will be significantly degraded.
The normalized Doppler frequency  can be regarded as the number of the channel average fading cycle during one symbol. When is 0.1, it means that the duration of one channel fading cycle is about 10 symbols. Therefore, if the number of the channel average fading cycle is larger than 0.5 during two neighboring DMRS symbols, the linearity of the channel will be destroyed and the accuracy of channel estimation will be significantly degraded.
In current D2D DMRS, the separation of two neighboring DMRS symbols is one slot, i.e. 0.5ms. A total of 7 symbols represent one slot in case normal cyclic prefix is used. On the other hand, in extended cyclic prefix, one slot is a combination of 6 symbols. In the high Doppler case for V2V, for example carrier frequency is 6GHz and the vehicle speed is 140km/h (the maximum absolute vehicle speed will be 280km/h), i.e. =0.1, the number of the channel average fading cycle is about 0.7 and 0.6 during two neighboring DMRS symbols for the normal cyclic prefix case and the extended cyclic prefix case, respectively. Therefore, the current D2D DMRS is not enough for the high Doppler case and enhanced DMRS should be considered. In other words, the number, location and sequence of current D2D DMRS should be modified for the high Doppler case for V2V.
Observation 2: When the number of the channel average fading cycle is larger than 0.5 during two neighboring DMRS symbols, the linearity of the channel will be destroyed and the accuracy of channel estimation by DMRS will be significantly degraded.
Observation 3: In the high Doppler case for V2V, for example carrier frequency is 6GHz and the vehicle speed is 140km/h (the maximum absolute vehicle speed will be 280km/h), the linearity of the channel will be destroyed and the current D2D DMRS is not enough for the high Doppler case.
Proposal 1: Enhanced DMRS should be considered for the high Doppler case for V2V. In other words, the number, location and sequence of the current D2D DMRS should be modified for the high Doppler case for V2V.
3. Conclusions
We provide the observations and proposal about enhanced DMRS considerations for high Doppler case for V2V, which are:
Observation 1: In the high Doppler case for V2V, for example carrier frequency is 6GHz and the vehicle speed is 140km/h (the maximum absolute vehicle speed will be 280km/h), the system performance will be significantly degraded by the inter-carrier interference (ICI).
Observation 2: When the number of the channel average fading cycle is larger than 0.5 during two neighboring DMRS symbols, the linearity of the channel will be destroyed and the accuracy of channel estimation by DMRS will be significantly degraded.
Observation 3: In the high Doppler case for V2V, for example carrier frequency is 6GHz and the vehicle speed is 140km/h (the maximum absolute vehicle speed will be 280km/h), the linearity of the channel will be destroyed and the current D2D DMRS is not enough for the high Doppler case.
Proposal 1: Enhanced DMRS should be considered for the high Doppler case for V2V. In other words, the number, location and sequence of the current D2D DMRS should be modified for the high Doppler case for V2V.
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