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Introduction
In RAN #76 meeting, a Study Item on evaluation methodology of new V2X use cases for LTE and NR was agreed [1].
The objective of the SI is “to establish the evaluation methodology to be used in evaluating technical solutions to support the full set of 5G V2X use cases as identified in TR 22.886 and the full set of 5G RAN requirements in TR38.913.” In an offline email discussion on the RAN1 reflector [2] companies raised multiple issues to be addressed to meet the objective of the SI and included proposed solutions. The email discussion resulted in an agreed list of open issues related to the evaluation methodology [3] and companies are requested to provide their views on how to address this list of open issues. In addition, another email discussion marked as “[90b-NR-02]” included more details in channel modeling after the RAN1#90bis.
Contribution [9] submitted to the 3GPP RAN 1 #90bis meeting, discusses the so-called “obstructed LOS” for the V2V channel modeling. This contribution discusses some aspects related to sidelink channel modeling. The discussion below deals with carrier frequencies below 6GHz; however, the statements below and the proposals are applicable for channels both below and above 6GHz and the technical input of this contribution has to be considered in the SI. A contribution with similar content was submitted at the previous 3GPP RAN1 #90bis [21].

Discussion
V2V Channel Model in 3GPP TR 38.802
One of the questions in the issue list in [3] is whether the channel model parameters in [7] can be confirmed for channels below 6 GHz. As it can be seen in Table A.2.1-2 of [7], the UMA 3D channel model is going to be used for the links between macro to/from vehicles/pedestrians UEs and the V2X channel model in [8] is going to be used for all of the other links. For the case of urban macro scenario with ISD equal to 1732 m, the RMA 3D channel model is going to be applied. For the vehicle to vehicle channel in [8], table A.1.4-1 therein describes the main parameters of the channel. For convenience, this table is listed below in Table 1.  
[bookmark: _Ref492559289]Table 1 : Assumptions for vehicle-to-vehicle channel [Table A.1.4-1 of [8]]
	Parameter
	Urban case
	Freeway case

	Pathloss model
	WINNER+ B1 Manhattan grid layout (note that the antenna height should be set to 1.5 m.). Pathloss at 3 m is used if the distance is less than 3 m.
	LOS in WINNER+ B1 (note that the antenna height should be set to 1.5 m.). Pathloss at 3 m is used if the distance is less than 3 m.

	Shadowing distribution
	Log-normal
	Log-normal

	Shadowing standard deviation
	3 dB for LOS and 4 dB for NLOS
	3 dB

	Decorrelation distance
	10 m
	25 m

	Fast fading
	NLOS in Section A.2.1.2.1.1 or A.2.1.2.1.2 in [4] with fixed large-scale parameters during the simulation.



Observations on the V2V Channel Model 
A number of observations can be made in the list of parameters of Table 1.
· The channel model for the urban case and the freeway case is almost identical, with the only differences being that (i) for the freeway case, only LoS situations are admissible, and (ii) the decorrelation distance of the shadowing is 25m, as opposed to the 10m used for the urban model.  This modelling lacks realism especially for the cases of freeways, which have propagation conditions that are significantly different from the urban case.
· Current models that determine the angular spread and the delay spread are taken from the Urban Microcellular scenario and used for both urban and freeway environments. A couple of facts that justify the need for different V2V models in these two different environments: 
· (i) when the height of the eNB or RSU is lowered to 1.5m, to represent one of the cars (as recommended by the current model), then the average angular spread is different at one link end compared to the other. Since both link ends represent cars, there is no physical reason why the channel statistics should be different at the two link ends. Thus, the current model is not even suitable for urban environments, as it is not self-consistent. 
· (ii) there is a need to consider existing measurements on delay and angular spreads in the respective environments. As outlined below, extensive measurements available in the open literature show parameter values different from the ones in the current model. Thus, parameters need to be modified for both urban and freeway environments. 
· (iii) Delay spread and angular spread in a rich scattering environment such as urban, where multipath components can be reflected off house walls, are significantly different from those of a highway where the only scattering objects are guardrails and other cars. Thus, the freeway parameters need to be chosen to be significantly different from the urban parameters. 
· There is a need to consider the case of the “obstructed LOS” (OLOS) ([10]) or “NLOSv” ([9]), either through introduction of a new state (and suitable state transitions), or by changing the shadowing variance of the LOS case. In either case, changes to the shadowing standard deviation are required.  
· The current model distinguishes only between LOS and NLOS, and does not account for the fact that other cars and trucks can block the LOS connection. Furthermore, the standard deviation of shadow fading is equal to 3 dB for LOS and 4 dB for the NLOS for the urban case and 3dB for the freeway case. 
· The shadowing standard deviation for the OLOS case is generally higher than those for LOS in the current model, even if OLOS is treated as a separate state. In [11], an increase of the shadowing standard deviation from approx. 3 (LOS) to 5 (OLOS) dB is observed. Insertion of a truck or bus leads to significantly larger losses than passenger cars. 
· The decorrelation distance of the model has to be revisited upon consideration of the OLOS state. In [12], the LOS correlation distance is measured to be in the order of 20 m for highway scenarios, which is in line with the parameters suggested in the current model; the correlation distance in OLOS is much larger (in the order of 75 m). Depending on the ultimate model (state transition or “increased shadowing variance”), a suitable modification of the shadowing correlation should be taken into account. 
· If OLOS is not treated as a separate state, but as part of LOS, then the shadowing standard deviation increases even more. In [6], blocking loss by a school bus of approximately 10 dB was measured. Attenuations by trucks have been measured in [12] to be on the same order. The results are also consistent with the measurements of [13], where extensive experiments with somewhat smaller vans were performed. If LOS and NLOS were to be made into a single state, the resulting standard deviation will be significantly larger than the standard deviation within each of the states described above. A statistical model for the probability to be in a shadowed state should form the basis for the computation of the resulting standard deviation.
· The values of the rms delay spreads and of excess delay have to be revisited. 
· For the urban environment, in [14] rms delay spreads that had a mean of 125 ns were measured, but observed maximum values up to 1300 ns (note that this is the maximum value of the rms delay spread, not the maximum excess delay). In [15] a considerably larger rms delay spread was measured, namely a mean of 370ns, with maximum values up to 2100 ns. When comparing urban to freeway rural environments, the former shows a much higher probability of large rms delay spread values: in urban environments, the 90% point of rms delay spread extends to 1200ns (while in highways, it is only 200ns). In [16] rms delay spreads between 150 and 320ns are measured, and maximum excess delays up to 3.8 microseconds. 
· For the freeway environment, in [17] rms delay spreads with a mean on the order of 250ns were measured, with more than 90% of all cases seem to lie between 150 and 400ns. Maximum excess delays on the order of 600ns are shown. The results in [14] show a wide variation of rms delay spreads. In [15] observed mean delay spreads of 165ns, with variations from 6 to 2100 ns, though the standard deviation is relatively small (10% is around 20ns, and 90% at 200ns). Obviously, maximum excess delays must be larger than 2 microseconds. Finally, measurements in [18] show maximum excess delays in excess of 4 microseconds. In [19] mean rms delay spreads of about 150 ns are observed, with the 10%-90% range from 50 to 200ns, and maximum excess delays up to about 3 microseconds. For LOS freeways, in [16], rms delay spreads of 140 ns, and maximum excess delays of 2000ns are measured.
· The angular spreads both at the transmitter and receiver of the model above have to be revisited. Measurements in [20] indicated that the angular spreads at both link ends are the same. In particular, the mean of the logarithm is 1.75, and the standard deviation is 0.1. This reference also measures the elevation spread, and find a mean of 1.3 and a standard deviation of 0.1. The results are somewhat consistent with sample results from [13], which measured rms angular spreads of 0.4 - 0.6 (according to a somewhat different definition or angular spread, where the maximum value is 1). 
Summary
Based on the discussion above, the following observations on the sidelink channel model for frequencies below 6GHz can be made:
Observation 1: There is a need to model separately the urban scenario and the freeway scenario.
Observation 2: There is a need to consider the case of Obstructed LOS (OLOS) and assess its impact on the channel model parameters.
Observation 3: The standard deviation of the shadow fading in both the urban and freeway scenarios have to be revisited and values based on measurements have to be used.
Observation 4: The decorrelation distance in both the urban and freeway scenarios have to be revisited and values based on measurements have to be used.
Observation 5: The rms and excess delay values in both the urban and freeway scenarios have to be revisited and values based on measurements have to be used.
Observation 6: The angular spreads at the transmitter and receiver should be the same and the values in both the urban and freeway scenarios have to be revisited and values based on measurements have to be used.
Based on the discussion in the references here, the following proposals on the sidelink channel model for frequencies below 6GHz can be made. They serve as initial points of discussion during the SI duration:
Proposal 1: Evaluate whether to introduce Obstructed LOS (OLOS) state and define channel model parameters for this case, or increase the shadowing variance 
Proposal 2: Rms delay spread and maximum excess delay values for both urban and freeway scenario should be revisited and existing measurements of V2V channels below 6GHz should be taken into consideration .
Proposal 3: Angular spreads in the transmitter and receiver should be the same and their distributions should be based on measurements.
We thus suggest to evaluate this model further and extract the appropriate shadow fading, rms delay, maximum excess delay and angular spread statistics. 

Conclusion
This contribution treated the topic of V2V channel modeling for the case of frequencies below 6 GHz in the context of the eV2X Phase III SI.
Upon investigation of the existing V2V channel model as described in TR 38.802 the following observations are made:
Observation 1: There is a need to model separately the urban scenario and the freeway scenario.
Observation 2: There is a need to consider the case of Obstructed LOS (OLOS) and assess its impact on the channel model parameters.
Observation 3: The standard deviation of the shadow fading in both the urban and freeway scenarios have to be revisited and values based on measurements have to be used.
Observation 4: The decorrelation distance in both the urban and freeway scenarios have to be revisited and values based on measurements have to be used.
Observation 5: The rms and excess delay values in both the urban and freeway scenarios have to be revisited and values based on measurements have to be used.
Observation 6: The angular spreads at the transmitter and receiver should be the same and the values in both the urban and freeway scenarios have to be revisited and values based on measurements have to be used.
Upon consideration of existing measurements and related literature the following proposals were made:
Proposal 1: Evaluate whether to introduce Obstructed LOS (OLOS) state and define channel model parameters for this case, or increase the shadowing variance 
Proposal 2: Rms delay spread and maximum excess delay values for both urban and freeway scenario should be revisited and existing measurements of V2V channels below 6GHz should be taken into consideration.
Proposal 3: Angular spreads in the transmitter and receiver should be the same and their distributions should be based in measurements.
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