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Introduction
In this contribution, we present our discussion and observation on the effects of high speed mobility on system level performance. 
Background
[bookmark: OLE_LINK38][bookmark: OLE_LINK37][bookmark: OLE_LINK22][bookmark: OLE_LINK21]cV2V is a SC-FDMA based technology. The users get allocations both in time and frequency domains, where the carrier spacing is 15 kHz and time resolution is an OFDM symbol. As the cV2V carrier frequency is much higher than the cellular communication carrier frequencies and the speed between the two sides of the link is usually higher as well, the cV2V might be more sensitive to high Doppler spread/shift compared to the cellular communication. Few of the methods devised to cope with this effect are the increase of DMRS to 4 pilots in one TTI (symbol #2, #5, #8 and #11) and the use of a carrier frequency offset estimation algorithm (potentially based on the correlation between the received DMRS samples and the detected local DMRS sequence as described in Appendix A). It has been commonly assumed that multipath causes a linear frequency shift and that the intercarrier interference power is negligible, hence a carrier frequency offset correction is enough. As can be seen from [6], for high Doppler frequencies it can no longer to be assume that the ICI power does not effect the overall SINR (Figure 5.4.2.1.1-1 and Figure 5.4.2.1.1-2 in [6]). 

Link Level Performance
The effect of high speed mobility on the link level BLER is depicted in Figure 1, where the LTE Sidelink UMi NLOS channel BLER curves are presented. 
[image: ]
[bookmark: _Ref507064539]Figure 1: BLER Curves for different relative speeds

It can be seen from Figure 1 that the BLER performance degrades as the speed increases. Notice, vehicles moving in same direction achieve worse performance. 
System Level Performance
Figure 2 depicts the system level performance with different speed scenarios. The UEs based on measurements [4] choose the resources for transmission. For a detailed description of the simulation scenario see Section 8.
[bookmark: _GoBack]When comparing 140kmph to 70kmph freeway scenarios, the system level performance improves at 140kmph due to the lower number of vehicles. For the 250kmph scenario, it should be noted that one plot is for Doppler shift only and the other one includes both Doppler shift and spread according to the channel in [2]. Considering 250kmph with only a Doppler shift, the performance compared to 140kmph are better due to the lower number of vehicles in the 250kmph scenario. However, when considering the performance of 250kmph with the channel according to [2], the system performance drops significantly. 

 [image: ]
[bookmark: _Ref507065469]Figure 2: Average PRR for different speed scenarios


Discussion
Comparing the system level performance in Figure 2 of the 250kmph scenario, it is clear that when both Doppler shift and Doppler spread are present the performance degrades. Furthermore, this effect can also be seen in the BLER curves in Figure 1.
Observation 1: Utilizing only a CFO estimation algorithm is not effective enough for very high-speed scenarios.

As depicted at Figure 2, the best performance is observed in the 140 kmph freeway scenario. When the number of vehicles increases by 2 (70 kmph freeway) the performance degrades by 180 m. Moreover, in the 250 kmph freeway scenario the PRR performance is significantly degraded compared to 140kmph, although the number of vehicles is approximately twice as small.
Observation 2: Dense scenarios (e.g Freeway 70 kmph) yield degraded system level performance when compared to more sparse scenarios on top of the high speed scenarios where performance degrades.

Proposal 1: 3GPP should consider addressing the degradation in performance in high speed cV2V scenarios.



Conclusions
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Appendix: Simulation Assumptions

The simulation assumptions for LTE-V. V2X message of size 300/190 bytes transmitted over 18 RBs + 2 SA RBs. Each transmitter occupies 2 adjacent subchannels

	Parameter
	Assumption

	Carrier frequency 
	6 GHz

	Bandwidth
	10 MHz

	Power & Noise
	In-band emission
	{W,X,Y,Z}={3,6,3,3} 

	
	Maximum transmit power
	23 dBm

	
	Noise Figure
	6 dB

	
	Antenna Gain
	+ 3 dBi (for TX\RX)

	
	Receiver Capabilities
	1 TX and 1\2 RX

	Sensing 
	probResourceKeep
	0.8

	
	SL-ThresPSSCH-RSRP 

	Inf

	
	SL_RESOURCE_RESELECTION_COUNTER
	uniformly select form [5,15]

	Resource pool
	No. sub-channels
	5 (with 10 RBs each)

	
	Resource pool size
	100 ms

	V2X message
	300 Bytes and 190 Bytes

	MCS
	300 Bytes
	QPSK CR=0.5556

	
	190 Bytes
	QPSK CR = 0.3519

	
	SA message (64 bits)
	QPSK

	Simulation size area

	Freeway
	2000 m

	
	Urban
	[1299 m * 750 m]


	Link Level
	Channel estimation method
	LS and linear interpolation 

	
	Frequency error
	no

	
	Timing error
	no

	
	CFO Estimation Algorithm
	Half symbol correlation

	
	Propagation Fading Channel
	UMi CDL fading channel with dual mobility


Appendix A: CFO Estimation Algorithm
The estimator is based on the correlation between the received DMRS samples and the detected local DMRS sequence. The received signal,

Define the correlation term as: 

Notice, the 

goes to zero because DM-RS CAZA properties.
Hence, the CFO can be estimated by taking the conjugate multiplication of
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