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1 Introduction
In the RAN1 #82b meeting, the following agreements were made for the topic of handling high Doppler case [1].
Agreements:
· 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 contribution, our views on the enhancement of DMRS for V2X are provided. Large variation of assumptions in the V2X operation is considered for the efficient implementation of DMRS.
2 Discussion
In general, Doppler environment always changes when vehicles communicate with each other at the different speeds and/or geographical conditions. Thus, it should be desirable that the enhancements of DMRS for V2X should support all the possible vehicular communication environments, including a maximum speed of 280 km/h, 6 GHz frequency band, etc. However, such all-round DMRS design may not present the optimal performance due to the diversity of the assumptions.
Here are some of the various vehicular environments in terms of the Doppler frequency [2].
(1) Vehicle speed
· In the high way scenario, up to a speed of 140 km/h is assumed for each vehicle, which means that the maximum relative speed is 280 km/h. When the operating band is 6GHz, the maximum Doppler frequency offset is about 1.5 kHz, which results in a coherence time of 0.27ms. Thus, DMRS needs to be enhanced to deal with the severe signal degradation in terms of both frequency and time.
· In the traffic jam scenario, a large number of vehicles are assumed with a very low speed such as 10 km/h or below. Since the large number of vehicles can cause congestion of the messages, their spectrum resources have to be carefully handled as otherwise the congestion gets even worse. Unlike the large Doppler case, for the low-speed scenario, the density of DMRS can be lowered.
(2) Communication type
· V2V communication is the most severe type from the Doppler point of view. DMRS should be carefully designed with regard to the relative velocity of vehicles. 
· V2I/V2P communications can be operated with more relaxed assumptions than in V2V communication from the Doppler perspectives. For example, PC5 can be assumed as the interface between the vehicle and UE-type-RSU, which is assumed stationary. Similarly, mobility of pedestrians can be assumed sufficiently small. The Doppler related effect is significantly alleviated, essentially halved, with the lowered mobility.
 (3) Operation area
· Anticipated Doppler environment can be different depending on the countries/regions. The maximum speed may be different in some countries.
· The maximum speed can be different depending on the deployment area, e.g., urban or rural. In particular, in the urban area, it can be different depending on the more specific reasons such as road width, visibility, etc.
 (4) Operation frequency
· Doppler frequency is highly affected by the carrier frequency. When the operation frequency is 700 MHz and the vehicle speed is 280km/h, the calculated Doppler frequency and the coherence time are only 181.5 Hz and 2.33 ms, respectively.
Observation: Due to the presence of various V2X operation environments, all-round type DMRS design could be an over-enhancement for some operation scenarios. 
To handle the diversity of the Doppler variations, one possible solution may be to have multiple DMRS formats, in which each V2X operation scenario is appropriately optimised. For example, when the vehicle is in a traffic jam, it chooses a DMRS format for this specific case, possibly, based on the driving speed. 
The DMRS design should also be considered with the operation bands. When the vehicle is operated in a dual-band operation, it should accordingly choose the DMRS format that is suitable for the selected operation band. For the high/low frequency bands, a dense/sparse formats should be employed for DMRS, respectively, to improve the overall performance.
Proposal 1: RAN1 should study the DRMS enhancements to support the various Doppler environments, taking the flexibility of DMRS structure into account.
3 Summary
In this contribution, the following observation and proposal are made:
Observation: Due to the presence of various V2X operation environments, all-round type DMRS design could be an over-enhancement for some operation scenarios. 
Proposal 1: RAN1 should study the DRMS enhancements to support the various Doppler environments, taking the flexibility of DMRS structure into account.
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