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In RAN#80 meeting, the evaluation methodology of new V2X use cases for LTE and NR [1] was approved and will be used as a reference for simulations conducted in V2X phase 3 SID [2]. In [1], system level simulation assumptions and channel models considering new V2X scenarios are defined. However, the following Link Level Simulation (LLS) parameters still need to be clarified:
-	Carrier frequency
-	Channel model (e.g. fast fading model)
-	PHY packet size
-	Channel codes (for control and data channels)
-	Modulation and code rates (for control and data channels)
-	Signal waveform (for control and data channels)
-	Subcarrier Spacing 
-	CP length
-	Frequency synchronization error
-	Time synchronization error
-	Channel estimation (e.g. DMRS pattern and symbol location)
-	Number of retransmission and combining (if applied)
-	Number of antennas (at UE and BS)
-	Transmission diversity scheme (if applied)
-	UE receiver algorithm
-	[AGC settling time and guard period]
-	[EVM (at TX and RX)]


In this contribution, we provide some discussions and proposals on the fast fading channel model, which are applied for link level studies.

[bookmark: _Ref129681832]Discussion
For the link level evaluations of LTE-V2V, a CDL channel model with dual mobility modification [3] was used. In this channel model, it is assumed that the moving directions of transmitter and receivers are random. With such an assumption, a generalized Doppler spectrum [4] is applied which is only related to the absolute speeds of the transmitter and receiver, and independent of their relative direction. However, such an assumption is unaligned with the mobility characteristic of vehicles. For example, considering a highway scenario shown in Figure 1, the moving directions of vehicles are aligned with the highway road directions. The Tx and the Rx 1 is moving from west to east, and the Rx 2 is moving from east to east. Assuming that the absolute speed of Tx and Rxs is the same and denoted as v, the maximum Doppler shift for Tx to Rx 1 is v – v = 0 while that for Tx to Rx 2 is v – (-v) = 2v. It is obvious that the Doppler spread depends on the relative moving direction between the transmitter and the receiver. 
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Figure 1. Moving directions of the vehicle transmitter and the vehicle receivers in a highway scenario

Figure 2 shows the Block Error Rate (BLER) performance for the transmission from Tx to Rx 1 (same moving direction) and the transmission from Tx to Rx 2 (opposite moving directions), respectively. The BLERs using the generalized Doppler spectrum with the assumption of randomized moving directions are also depicted in this figure. From this figure, it can be seen that with the same relative moving direction, the BLER performance degrades when the absolute speed of vehicles v increases from 140 km/h to 250 km/h. It also can be observed that the performance also depends on the relative moving directions. The BLER performance with the same moving direction outperforms that with the opposite moving directions. However, such difference cannot be revealed if we use the channel model with the assumption of randomized moving directions. 
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Figure 2. BLER performance different assumptions of moving directions for Tx and Rxs

Observation 1. The CDL channel model for link level LTE-V2V evaluation is only dependent on absolute speeds of the transmitter and the receiver.
Observation 2. Aside from the absolute speeds, BLER performance also depends on the relative moving direction between the transmitter and the receiver.
Based on above analysis, to accurately depict the link level performance of NR V2V, the relative moving directions between transmitters and receivers need to be clarified.
Proposal 1. For link level evaluations of NR V2V, the parameter of relative moving direction between the transmitter and the receiver needs to be clarified.

Conclusions
This contribution focused on the parameters in the fast fading model to be applied for link level studies. The following proposals and observations are made:
Observation 1. The CDL channel model for link level LTE-V2V evaluation is only dependent on absolute speeds of the transmitter and the receiver.
Observation 2. Aside from the absolute speeds, BLER performance also depends on the relative moving direction between the transmitter and the receiver.
Proposal 1. For link level evaluations of NR V2V, the parameter of relative moving direction between the transmitter and the receiver needs to be clarified.
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Appendix: Simulation Assumptions
The BLER performance shown in the Figure 2 is based on the simulation assumptions listed in the Table I below.
Table I. LLS simulation assumptions 
	Parameters
	Values

	Carrier frequency
	6 GHz

	System bandwidth
	10 MHz

	Numerology
	SCS = 15 kHz; FFT size = 1024; Sample rate = 15.36 MHz

	Channel Model
	CDL UMi NLOS DS = 129 ns with dual mobility modification

	Vehicle speed (absolute)
	140 km/h, 250 km/h

	Vehicle moving directions
	Tx: west→east / random
Rx 1: west→east / random
Rx 2: east→west / random

	Antenna configuration
	1 x 2

	Tx/Rx antenna height
	1.5 m

	Frequency offsets
	Extreme case {Case 1 + Case B}

	Receiver type
	MMSE-MRC

	Subframe structure
	LTE-V2X based

	TBS
	300 Bytes

	Modulation and coding rate
	QPSK 1/2 

	Number of transmission
	1
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