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1 Introduction
In the RAN1 #83 meeting, the following agreements were made for the topic of handling high Doppler case [1].
Agreements:
· Confirm the baseline on SC-FDM is used for V2V transmission in each physical channel

· Working assumption: Increase DMRS density to 4 symbols per 1ms with reusing PUSCH DMRS sequence in each physical sidelink channel except for PSBCH

· FFS location of DMRS
· Possible options for evaluation and further study will be discussion during this week
· FFS the number and location of DMRS in PSBCH (if PSBCH is supported)
· Possible options for evaluation and further study will be discussion if PSBCH is supported during this week
· If RAN1 finds working assumption does not work, i.e. the performance cannot meet requirements for PC5 V2V at least including consideration on whether RAN1 working assumption of frequency offset is confirmed, the first priority should be given to DMRS structure with Comb (like SRS). 
· There should be considerations on receiver complexity when working assumption is confirmed.

In this contribution, we present our views on the enhancement of DMRS for V2X. Several DMRS configurations are considered for the various conditions of Doppler shift.
2 DMRS enhancement for PSBCH
RAN1 has been working on the high Doppler frequency issue, i.e., the maximum relative speed is 280km/h and the operation frequency is. 6GHz. In the #83 meeting, it was agreed as the working assumption that the DMRS density is increased to four symbols per 1ms, which will improve the BER performance in the high Doppler environment. 
For PSBCH, however, the number and the location of DMRS are still FFS. It should be desirable that PSBCH should have a similar DMRS density to what we see in the above 4-symbol-per-1ms assumption.  Since four symbols are occupied by the synchronisation signals in the PSBCH subframes, it is considered that at least three DMRSs are needed for the PSBCH subframe to provide a similar DMRS density. 
Fig.1 and Fig.2 describe the potential DMRS locations for PSBCH. Three DMRSs are allocated between PSSS and SSSS symbols for the normal and extended CP configurations.
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      (1)  Option 1




                      (2)  Option 2
Figure 1
  DMRS configuration pattern for normal CP.
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Figure 2  DMRS configuration pattern for extended CP.
3 Efficient DMRS implementation
Since Doppler environment always changes when vehicles communicate with each other at the different speeds and/or geographical conditions, it should be desirable that the enhancements of DMRS for V2X should support all the possible vehicular communication environments. Thus, the DMRS enhancement should include the support for the extreme cases, e.g. 280 km, etc. However, in practice, such cases rarely occur and excessive allocation of DMRS results in unnecessarily large overhead for most of the operation time. 
Therefore, it should be important that the tradeoff between the reference signal overhead and system capacity should be taken into account. Table 1 summarizes the estimated overhead of the reference signal in terms of the number of DMRS symbols. Here, one AGC symbol and one Guard symbol are assumed.
Table 1
Reference signal overhead (normal CP)
	DMRS symbols per 1ms
	Reference signal overhead [%]

	2
	16.7

	3
	 25.0

	4
	 33.3


When the UE receives the V2V signals over PC5, the frequency error includes not only the Doppler frequency shift but also the residual frequency error of the local oscillators at the transmitter and receiver. These components negatively affect the BER performance. 
At 6 GHz, the nominal Doppler frequency shift and the oscillator frequency error are 1556 Hz and 1200 Hz, respectively, when the relative speed is 280 km/h and the relative frequency instability is 0.2 ppm (0.1 ppm at each transceiver). Therefore, the total nominal error is about 2.7 kHz, which needs to be handled with the four DMRS implementation.
However, at 2 GHz, they are only 519 Hz and 400 Hz, respectively, and the total nominal error is about 0.9 kHz, which does not necessarily require the four DMRS capability because the signal coherence is considered sufficiently large. Three DMRS implementation may provide a good trade-off for this case because it has lower signal overhead, while it can present improved performance for the demodulation.
To accommodate such functionality, there are several levels of implementations for the DMRS configurations:

Scheme 1
DMRS are only statically configured for PSBCH, PSCCH, and PSSCH.
Scheme 2
DMRS can be semi-statically configured for PSBCH, PSCCH, and PSSCH through a SIB. 
Scheme 3
DMRS can be semi-statically configured for PSBCH and PSCCH, and dynamically configured for PSSCH by an indicator through PSCCH. 

To efficiently allocate the DMRS, it should be possible that the number and the position of DMRS can be configured depending on the operating band through one of the above schemes. The DMRS can also be configured depending on the operation area because the allowable vehicle speed can be variable.
Proposal 1: DMRS allocations should be optimised for V2V communication to mitigate reference signal overhead. 
Proposal 2: Dynamic DMRS allocation with a format indicator can further optimise the overhead.
4 Summary
In this contribution, the following proposals are made:
Proposal 1: DMRS allocations should be optimised for V2V communication to mitigate reference signal overhead. 
Proposal 2: Dynamic DMRS allocation with a format indicator can further optimise the overhead.
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