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1. Introduction
In RAN#68, a new SI titled “Feasibility Study on LTE-based V2X Services” was approved [1]. One of the objectives of this SI is 

2) 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.

In last RAN1 meeting [2], an agreement regarding handling high Doppler case has been achieved as follows:
· The following observation is captured in TR: “DMRS needs to be enhanced for PC5-based V2V”
· Baseline: SC-FDM is used for V2V transmission in each physical channel
· Enhancement at least includes:
· Increase DMRS density to reduce time interval between DMRS sequences
· Enhance DMRS structure to increase frequency offset compensation range
· Study at least the following DMRS structure:
· Reuse PUSCH DMRS
· Other options are not precluded, i.e., 
· PUSCH DMRS with Comb (similar as structure of SRS)
· New DMRS patterns spread over time and frequency, that may be frequency multiplexed with DFT-precoded data at least in some symbols
· Increased subcarrier spacing
· All options should solve any complexity and standardization impact including analysis of frequency synchronization accuracy.
In this document, in order to deal with the problems introduced by the high Doppler spread, some necessary enhancements are considered: 1) DMRS enhancement for dealing with the severe channel selectivity in time domain and carrier frequency offset (CFO); and 2) multi-antenna diversity scheme for enhanced reliability for sidelink.
2. DMRS enhancement
In the current LTE sidelink specification, the DMRS structure is the same as the legacy DMRS of PUSCH in Rel.10, as shown in Figures 1 and 2 for normal CP and extended CP, respectively. Sidelink DMRS symbols, targeting for CFO estimation and channel estimation for sidelink physical channels, such as PSDCH, PSSCH, and PSCCH, always occupy the whole SC-FDMA symbols no. 3 and no. 2 in each slot for normal CP and extended CP, respectively. In a word, there are two DMRS symbols in each subframe. 

As shown in [3][4],  the current DMRS design, i.e. 2-symbol per subframe could not support the target high speed up to 280 km/h with satisfactory performance. On other hand, typically taking 0.1ppm oscillators for instance, in the extreme case of a vehicle UE moving at a speed of 280 km/h over a carrier frequency of 6 GHz, the combined frequency error can achieve ~2.2 kHz, i.e. Doppler spread of 1.6 kHz plus CFO of 0.6 kHz, which is already beyond the capture scope, ~1 kHz. Hence, enhancement of the current sidelink DMRS is necessary.  Considering that a totally new design will bring about specification impact and implementation cost, it should be encouraged to reuse the legacy design as much as possible rather than to propose a totally newly positioned DMRS, e.g. an even distributed pattern. For example, we could increase its density in time domain by introducing an additional one or more symbol(s) for DMRS. In this case, the candidate symbols for PSS/SSS should also be excluded, which appear every 40 ms, see the green-colored symbols in Figures 1 and 2. Therefore, we could consider to insert new DMRS symbols as a start point, e.g. symbols no. 6 or 7 for normal CP case, and symbol no. 5 for the extended CP case. Moreover, it’s already been shown in some references that one additional DMRS symbol could provide necessary performance with a reasonable overhead-quality tradeoff. 
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Figure 1 DMRS with normal CP length in REl.12 sidelink
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Figure 2 DMRS with extended CP length in REl.12 sidelink
One example of this design could be shown in Figure 3, where the newly added DMRS occupies the last symbol of the first slot in each subframe, while the legacy DMRS are kept intact. Similarly, we can add one DMRS symbol for the extended CP case as shown in figure 4.
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Figure 3  3-symbol DMRS pattern with normal CP length for V2X high Doppler scenario
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Figure 4  3-symbol DMRS pattern with extended CP length for V2X high Doppler scenario



Proposal #1: Reusing PUSCH DMRS is suggested to save standardization effort and adding one symbol in each subframe should be considered for further evaluation.
3. Multi-antenna diversity scheme
It should be noticed that V2V communication is completely different from D2D communication. For instance, V2V communication usually suffers from less stable radio links and continuously changing topology due to the high (relative) speed moving of the vehicle UE(s). Nevertheless, the sidelink is originally intended for D2D communication, and conspicuously its reliability cannot meet the requirement of V2V communication. Therefore, for the successful delivery of the V2V messages, the reliability of the sidelink should be enhanced further.
Typically, the methods of improving the reliability of the sidelink could include lower rate coding and/or lower order modulation, repetition or retransmission, or multi-antenna technology. However, lower rate coding and/or lower order modulation scheme will use more resource elements and lead to spectrum inefficiency. Due to the varying topology in V2V communication, repetition or retransmission are also infeasible. In this sense, multi-antenna technology is a fairly good choice. Moreover, different from portable mobile phone terminals, which inherit constraints on size and power consumption, it is reasonable and feasible to deploy antenna arrays with larger aperture sizes and more elements on vehicle-based UEs. 
For the sake of reliability improvement of the sidelink, as mentioned above, multi-antenna technology should be utilized for diversity. Further, in order to make vehicle UE’s with a variety number of antennas (including the case of 1 antenna) successfully receive V2V messages, compared to receiving diversity, transmit diversity is preferred.  STBC/SFBC are popular transmit diversity schemes and can be used to improve the reliability of the sidelink. In this case, both layer mapping and precoding should be enhanced further to support multiple layers and multiple ports. DMRS port should also be extended to 2 or 4 ports. And additional signaling, e.g. a new SCI format, is also indispensable to indicate that the receiver vehicle UE should adopt the corresponding processing to decode the block codes. 
Additionally, LD-CDD is also a good solution, which requires precoding enhancement. It’s noted that LD-CDD based precoding should be operated on both data (e.g. PSSCH) and DMRS, since only in this way can the receiving vehicle UE estimate the effective channel and decode the data. Moreover, CDD-based precoding can be transparent to the receive vehicle UE’s, i.e. it does not need to signal the receive vehicle UE about the transmission mode.
Proposal #2: Transmit diversity MIMO schemes shall be considered to improve the reliability of the sidelink for PC5-based V2V communication.
Proposal #3: For transmit diversity MIMO schemes, the following enhancements could be considered
· Multi-layer layer mapping
· Multi-port precoding
· CDD-based precoding
· DMRS port extension
· New SCI format
4. Conclusion
In this document, DMRS enhancement and multi-antenna technology are proposed for enhancements towards PC5-based V2V communication. Based on the discussion above, we have following proposals.
Proposal #1: Reusing PUSCH DMRS is suggested to save standardization effort and adding one symbol in each subframe should be considered for further evaluation.
Proposal #2: Transmit diversity MIMO schemes shall be considered to improve the reliability of the sidelink for PC5-based V2V communication.

Proposal #3: For transmit diversity MIMO schemes, the following enhancements could be considered
· Multi-layer layer mapping
· Multi-port precoding
· CDD-based precoding
· DMRS port extension
· New SCI format
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