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1 Introduction
In the RAN plenary #71 meeting, RAN has discussed the potential requirements for sidelink-based V2V services [1].  The revised WID, Support for V2V services based on LTE sidelink, was approved, with the following changes for the requirement of the relative speed [2]:
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.
So far, RAN1 has been discussing the enhancements for Doppler frequency with the relative speed up to 280km/h. With the change of the maximum relative speed, some improvement may be necessary in terms of the DMRS implementation.
In this contribution, we provide our views on the potential enhancement of DMRS implementations. In V2V, because large variations of operation environment are assumed, a unified but flexible implementation is desirable for the design of DMRS.
2 DMRS density
In the V2V communications, vehicles usually suffer from both a residual frequency error and a high Doppler frequency offset. In the #83 meeting [3], RAN1 agreed that the assumed frequency error of an extreme case (Case 1 + Case B) can be 1.8 k Hz in the 6-GHz band. Since the target relative speed has been increased due to the revised WID (up to 500km/h), the corresponding frequency shift can be larger, which would impose more stringent requirements on the design of the physical layer. Table 1 summarizes the total frequency shifts for various operation bands.
Table 1
Total frequency shift
	
	280 km/h
	500 km/h

	Operation frequency
	Doppler  shift
	Frequency error
	Total
	Doppler shift
	Frequency error
	Total

	2GHz
	519Hz
	600Hz
	1119Hz
	926Hz
	600Hz
	1526Hz

	6GHz
	1556Hz
	1800Hz
	3356Hz
	2778Hz
	1800Hz
	4578Hz


It was previously agreed that four DMRS are needed for every 1 ms with the assumption of a 280 km/h relative speed. To handle the 500-km/h assumption, more DMRS would be needed because of the very large frequency shifts. However, use of more DRMS reduces the available size for payload data. Table 2 shows the estimated overhead of the reference signal with regard to the number of the DMRS symbols. Here, one AGC symbol and one Guard symbol are assumed. If more DMRSs are provided, the overhead for the reference signal will significantly increase compared to the current 4 DMRS symbols.
Table 2
Reference signal overhead (normal CP)
	DMRS symbols per 1ms
	Reference signal overhead [%]

	2
	16.7

	3
	25.0

	4
	33.3

	5
	41.7

	6
	50.0


Therefore, DMRS should be implemented considering the tradeoff between the total frequency shift and the reference signal overhead. Since the maximum vehicular speed can depend on the local legislation, it would be beneficial that the design of DMRS specification is flexible so that it can accommodate all the area-specific needs. Thus, it is preferable that the number of DMRS is adaptively configured so that the appropriate number of DMRS can be available if and only if extreme conditions (e.g. 500-km/h) are anticipated. Similarly, it is preferable that the number of DMRS is configured depending on the operation bands because of the large difference in the total frequency shift between the 2-GHz and 6-GHz bands.
To make the density of DMRS variable, DMRS should be implemented with multiple mapping patterns, which provide different configurations of DMRS, and they are selectively used according to the operating conditions. It would be expected that they provide flexibility for DMRS while avoiding additional complexity. 
Proposal 1: Multiple DMRS mapping patterns should be introduced to accommodate various operation conditions of V2V.
3 DMRS configuration
The preferable configuration of DMRS can also be different depending on the characteristics of the channels. For example, the DMRS configuration for PSSCH can be different to accommodate the difference of each physical channel. For the data channels, dynamic behavior may be more desirable to appropriately convey the control information. 
Therefore, several possibilities of DMRS configuration schemes should be studied to provide the most efficient implementation.
Scheme 1
DMRS mapping pattern is only statically configured for both PSBCH and PSCCH/PSSCH.
· RAN1 only needs to specify the DMRS mapping patterns for each channel. Selection of the DMRS mapping pattern configuration is up to the operator.

Scheme 2
DMRS mapping pattern can be semi-statically configured for both PSBCH and PSCCH/PSSCH.
· The DMRS mapping pattern can be configured by the eNB through SIB.
Scheme 3
DMRS mapping pattern can be semi-statically configured for PSBCH and PSCCH, and dynamically indicated for PSSCH. 
· The DMRS mapping pattern of PSBCH and PSCCH can be configured via SIB. On the other hand, the DMRS mapping pattern for PSSCH can be configured via SA. This configuration scheme can be used for both TDM and FDM resource pool configurations, but is not useful for SA and data with the same subframe mapping. 
Proposal 2: Signaling for DMRS mapping pattern configuration should be studied.
4 Summary
In this contribution, the following proposals are made:
Proposal 1: Multiple DMRS mapping patterns should be introduced to accommodate various operation conditions of V2V.

Proposal 2: Signaling for DMRS mapping pattern configuration should be studied.
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