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1 Introduction

At the TSG RAN1 Meeting #82, the evaluation assumptions for feasibility study on LTE based V2X services [1] were agreed and captured in [2]. In this contribution, we provide draft of text proposal for V2V demodulation enhancements for the 3GPP TR [4] based on analysis in [5]-[11].
2 Demodulation Challenges
The V2V scenarios are characterized by substantial demodulation challenges that need to be addressed during the study item stage. First of all, the high speed environment with up to 280 km/h at high carrier frequency (up to 6GHz) leads to significant channel variation in time which is noticeable within subframe level. Therefore, the channel estimation accuracy may suffer due to both frequency selectivity caused by multipath effects and time selectivity due to high mobility. Depending on the channel propagation conditions, the distortion due to Doppler effect may be seen as a Doppler shift (LOS) or Doppler spread (NLOS) having different impacts on demodulation performance. In addition, the high carrier frequency up to 6 GHz brings additional challenges for synchronization, since the absolute frequency offset error scales proportionally to the carrier frequency. The synchronization errors may result in large frequency offsets observed at the receiver side which have negative impacts on the demodulation performance.
The analysis of different V2V demodulation enhancement options was presented in [5]-[11]. In the next section, we provide draft text proposal for 3GPP TR on LTE based V2X services [4]. In particular, we suggest to introduce additional section describing potential demodulation enhancement solutions in [4].
3 Draft Text Proposal
This section provides text proposals to the 3GPP TR related to V2V demodulation enhancements.

The text proposal below suggests to add references to contributions with the identified DMRS enhancement solutions submitted for the RAN1#82 and RAN1#82bis meetings. 
------------------------------------------------------------- Start of Text Proposal #1 ---------------------------------------------------------
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------------------------------------------------------------- End of Text Proposal #1 ---------------------------------------------------------

------------------------------------------------------------- Start of Text Proposal #2 ---------------------------------------------------------

5
Technical support for V2V

5.1
PC5 interface

Editor notes: Including necessary enhancements for PC5 transport for V2V services.

5.1.1 Demodulation
This section summarizes identified challenges and design options for LTE based V2V services in order to ensure reliable demodulation in high speed environments [7]-[27].
5.1.1.1 V2V Demodulation Challenges

There are a few demodulation challenges identified during the study item. First of all, the mobility environment with up to 280 km/h at high carrier frequency (up to 6 GHz) leads to significant channel variation in time which is noticeable at the subframe level (TTI of 1 ms). The channel estimation accuracy in V2V scenarios suffers due to frequency selectivity caused by multipath effects, time selectivity due to high mobility as well as uncompensated frequency offsets between transmitter(s) and receiver(s). Depending on the channel propagation conditions, the distortion due to Doppler effect may be seen as a Doppler shift (LOS) or Doppler spread (NLOS) having different impacts on the demodulation performance. In addition, the high carrier frequency up to 6 GHz brings additional synchronization challenges since the absolute frequency offset error scales proportionally to the carrier frequency used for V2V communication. The synchronization errors may result in large frequency offsets observed at the receiver side. The current DMRS structure used for sidelink communication may not be sufficient to track the channel variation in time due to mentioned above effects.
5.1.1.2 Potential Demodulation Enhancement Solutions

In order to improve the V2V demodulation performance, the following solutions were identified.
Increased DMRS Density

The solution relies on reusing the existing DMRS structure with potential modification of the number of DMRS symbols or modified time positions of DMRS symbols.

First, increased number of DMRS symbols per subframe can be used (e.g. 4 DMRS symbols vs. 2 DMRS symbols per subframe for the baseline design). 
This is a transmitter centric technique that aims to improve channel estimation accuracy for V2V communication. The position of DMRS symbols within subframe may be optimized taking into account the potential synchronization errors in terms of frequency offset and sensitivity to the Doppler spread.
New DMRS Patterns

This solution assumes that a new DMRS pattern is introduced to improve channel estimation accuracy and reduce sensitivity to channel variation in time. The pattern is spread over time and frequency resources, so that new DMRS physical structure is defined. One of the examples is to use horizontal or diagonal DMRS patterns (representing the subframe as a rectangle where the horizontal dimension is time and the vertical one is frequency), instead of vertical DMRS structure used for sidelink. The DMRS signal may be frequency multiplexed with DFT-precoded data at least in some symbols. 
Enhanced Channel Estimation / Demodulation Algorithms
The solution is based on using enhanced UE channel estimation and demodulation algorithms. For instance, to improve channel estimation accuracy and demodulation performance under larger Doppler spread conditions the data-aided channel estimation can be used. The approach may be applied to both SC-FDMA and OFDMA waveforms with different performance and complexity trade-offs.
Increased Subcarrier Spacing
The increased subcarrier spacing was identified as one of the solutions to improve V2V demodulation performance. The subcarrier spacing can be increased to 30 kHz or 60 kHz comparing to the baseline 15 kHz spacing. The increased spacing proportionally reduces the OFDM/SC-FDMA symbol duration, so that the overall TTI duration also reduces and thus the density of DMRSs signals in time domain increases as well.
Another approach to utilize benefits of increased subcarrier spacing is to map DMRS to even or odd subcarriers so that signal is repeated twice within an OFDM symbol providing capability to estimate fast phase offset. This option does not require numerology change, however may not provide additional performance benefits in terms of in-band emission.
5.1.1.3 Performance Analysis

[Link level results may be captured here once available (subject to further discussion).]

5.1.1.3 Summary of Demodulation Analysis

[This sub-section aims to provide summary of analysis (subject to further discussion).]
The LTE R.12 DMRS structure used for sidelink demodulation does not provide sufficient performance in considered vehicular environments and needs to be improved for LTE based V2V solutions.
------------------------------------------------------------- End of Text Proposal #2 ---------------------------------------------------------

4 Conclusions
In this contribution, we provided draft of the text proposal for V2V demodulation enhancements and suggest to review and adopt it based on further discussion.

Proposal 1
· Review and adopt the draft text proposal for 3GPP TR 36.885 [4]
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