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[bookmark: _Ref298777854]Introduction
During the RAN4#78bis meeting, RAN1 sent an LS to RAN4 requesting feedback on the feasibility of different alternatives for the V2V PC5 DMRS and L1 format for V2V [1]. Four possible alternatives for PC5 DMRS design were proposed as summarized below:
· Alt 1: 
· “4V structure” for PSSCH/PSCCH is kept (which is already an agreement in RAN1)
· In order to support 500 km/h relative speed case,  lowering the coding rate can be used
· FFS how to adapt MCS, RB size, and/or number of transmission subframes depending on the situation
· This may or may not have any specification impact
· Confirm the working assumption: 
· 15 kHz subcarrier spacing with 1 msec TTI length
· Alt2
· For PC5-based V2V:
· A DMRS RE is transmitted every 6th subcarrier in all symbols of the scheduled transmission 
· DFT precoding is NOT applied to data REs
· Offset of the DMRS RE within a RB is FFS
· FFS between rate matching and puncturing
· FFS details of the DMRS sequence
· Confirm the working assumption: 
· 15 kHz subcarrier spacing with 1 msec TTI length
· Alt 3: 
· Increased subcarrier spacing from 15kHz to 60kHz is supported for LTE PC5 V2V communication
· Alt 4: Alt 2 + Alt 3 (with 30kHz tone spacing and 0.5ms TTI)

In this paper, we provide analysis for the different alternatives and discuss possible impacts to RAN4 V2V UE requirements. 
Synchronization Impact
One aspect that will be dependent on the DMRS structure chosen is the robustness of the UE with respect to frequency error. One possible V2V scenario comprises support for vehicular velocities up to 500km/h, with legacy LTE supported at 2GHz (i.e. the Uu link) and V2V over PC5 supported at a frequency of 6GHz.   According to the UE and eNB RAN4 specifications, TS36.101 and TS36.104 respectively, the allowed frequency error for the UE is ±0.1ppm whereas the allowed frequency error for the eNB is ±0.05 ppm. The key parameters are shown in Table 1 below.


[bookmark: _Ref450746969]Table 1: RAN4 parameters assumption
	Parameters
	Unit
	Value

	Carrier frequency for sidelink
	GHz
	6

	Carrier frequency for WAN link
	GHz
	2

	Speed
	km/h
	500

	Frequency error for UE
	ppm
	±0.1

	Frequency error for eNB
	ppm
	±0.05

	Frequency error for GNSS
	ppm
	±0.1



From Table 1, the maximum Doppler frequency offset is given by:

For this Doppler frequency, as detailed in the calculation in [2], the maximum supported frequency offset that can be supported by each of the alternatives is provided in Table 2.
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	Alternatives
	Maximum supported frequency offset

	Alt.1
	2 kHz

	Alt. 2
	7 kHz

	Alt. 3
	28 kHz

	Alt. 4
	14 kHz




Furthermore is can be noted that some evaluations show high error floors with Alt.1 at high relative speed even in case of a low PSSCH code rate [3]. Based on such results further analysis of  Alt.1 is required to confirm it is feasible for it to meet the high speed requirement.

It should also be noted that the performance of Alt.1 can be improved e.g. by reducing the code rate for PSSCH in case of large Doppler shift (or relative speed) between the transmitter and receiver [4]. It is however unclear whether such a mechanism is feasible since the transmitter is unaware of the Doppler shift towards its receivers. Furthermore, adaptation of the code rate as a function of Doppler shift (or relative speed) is not efficient for PSCCH, since it would require multiple blind decodes at the receiver and thus increase receiver complexity. Testing of such a procedure would require additional investigation. It may be possible to employ advanced channel estimators in order to estimate and compensate for large Doppler shifts using Alt.1 however such advanced estimators require additional stages for conversion to the time domain, introducing significant additional receiver implementation complexity compared to the other alternatives which do not require additional stages compared to a baseline channel estimator.

Observation #1: Alternative 1 may require additional complexity to meet the Doppler requirements for V2V.

In addition to impacts on demodulation, modifying the L1 format for V2V will also have impacts on a number of RF requirements. Employing a new OFDM waveform on the UL will impact the peak-to-average power ratio and hence likely the MPR requirements. This will need to be further investigated for Alternative 2. Furthermore, for each of the alternatives,  there may be impacts on additional RF requirements such as ACLR, emissions masks and maximum output power which may need to be re-evaluated.
Observation #2: A number of RF requirements may be impacted by the choice of V2V L1 format, including MPR, ACLR, maximum output power and emission masks.


Conclusions
In this paper, the following observations were made:
Observation #1: Alternative 1 may require additional complexity to meet the Doppler requirements for V2V.

Observation #2: A number of RF requirements may be impacted by the choice of V2V L1 format, including MPR, ACLR, maximum output power and emission masks.

We propose the response LS capture the above observations.  
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