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Introduction
RAN1 has conducted multiple email and offline discussions on eV2X evaluation methodology (‎[1], ‎[2], ‎[3], ‎[4]), followed by offline discussions in RAN1 #92, which concluded with consensus on multiple items (‎[5]). Based on the consensus reached in the offline discussions, the following agreements were reached in the RAN1 #92 meeting related to the channel model for evaluating eV2X (‎[6]):
Agreements:
· At least for above 6 GHz, “vehicle blockage modeling” is introduced. 
Agreements:
· For above 6 GHz, the fast fading parameters of “UMi-Street Canyon in TR 38.901” with some modification (e.g., setting statistics of AoD/ZoD to be the same for V2V link) is a starting point for sidelink in urban environment when the channel is LOS or blocked by a building. FFS for other cases (e.g., in highway environment, when channel is blocked by other vehicle(s)).
Agreements:
· For above 6 GHz, “oxygen absorption” is modelled by introducing additional loss which is derived based on TR 38.901.

Agreements:
· The following is used to reflect the effect of blockage in the parameters in the channel, if the channel between a Tx/Rx pair is turned out to be blocked. 
· By adding an additional loss to the path loss equation that would be used if the Tx/Rx pair is not blocked by other vehicle(s).
· FFS details (e.g., how to determine value of additional loss, whether the additional loss is a function of the number and size of blocking vehicles)
This contribution discusses some of the remaining issues related to the channel model, namely:
· Channel model to be used for below 6 GHz
· Parameters for path loss, shadowing, and fast fading
· How to decide whether a link is blocked by other vehicles
Discussion
Delay and Angular Spread Below 6 GHz
Question 3-7 on the issue list in ‎[2] is asking whether it is possible to agree that the channel model in Table 1 (from ‎[8]) is used as an option for below 6 GHz, if some condition is added, e.g., extending the channel model developed for above 6 GHz to below 6 GHz is supported as another option.
[bookmark: _Ref510100618]Table 1: System level evaluation assumptions for eV2X from Table A.2.1-2.
	Parameters
	Urban grid for eV2X
	Highway for eV2X

	Channel model
	Macro to/from vehicle/pedestrian UE : 3D UMa 
Between vehicle/pedestrian UE: V2X Channel model in ‎[9]
RSU to/from vehicle/pedestrian UE : V2X Channel model in [12]
	Macro to/from vehicle/pedestrian UE: 
3D UMa for 500m ISD 
3D RMa for 1732m ISD (2D RMa may be used until 3D RMa is complete)
Between vehicle/pedestrian UE: V2X Channel model in [12]
RSU to/from vehicle/pedestrian UE : V2X Channel model in [12]



According to the table above, the channel model between vehicle/pedestrian UE will be modeled by the vehicle to vehicle channel in ‎[9], which is summarized in table A.1.4-1 of [12] and shown in Table 2 here.  
[bookmark: _Ref492559289]Table 2: Assumptions for vehicle-to-vehicle channel [Table A.1.4-1 of ‎[9]]
	Parameter
	Urban case
	Freeway case

	Path loss model
	WINNER+ B1 Manhattan grid layout (note that the antenna height should be set to 1.5 m.). Path loss 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.). Path loss 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 ‎[10] with fixed large-scale parameters during the simulation.



The current TDL and CDL models (according to Table 2) that determine the angular spread and the delay spread are taken from the Urban Microcellular scenario and used for both urban and highway environments. This has three key drawbacks: (i) the parameters of the urban environment are based on measurements of cellular links, and extrapolated to be valid for V2V scenarios as well. The resulting delay spreads are thus inconsistent with measurements of V2V channels in urban environments as is shown below. (ii) the delay and angular spreads are assumed to be the same for urban and highway parameters (since all model parameters for highway are set to be equal to those in urban environments). It should be expected, and shown in measurements presented below, that the 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.
The following represent some of the measurements in sub 6 GHz reported in peer reviewed publications from which delay and angular spread information can be extracted:
· Delay spread:
· For the urban environment: In ‎[12] mean and maximum rms delay spreads of 125 ns and 1300 ns respectfully were measured (note that this is the maximum value of the rms delay spread, not the maximum excess delay). In ‎[13] a considerably larger mean and maximum rms delay spreads of 370 ns and 2100 ns respectfully was measured. When comparing urban to freeway rural environments in ‎[13], 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 1200 ns (while in highways, it is only 200 ns). In ‎[14] rms delay spreads between 150 and 320 ns are measured, and maximum excess delays up to 3.8 microseconds. Most of the measurements in urban environments consider only the LOS case. The exception is [14], which shows delay spreads in the urban NLOS case to have about twice the rms delay spread (for the same distance between cars) than the LOS case. 
· For the freeway environment, in ‎[15] rms delay spreads with a mean on the order of 250 ns were measured, with more than 90% of all cases seem to lie between 150 and 400 ns, and with a maximum value on the order of 600 ns. The results in ‎[12] show a wide variation of rms delay spreads, from 1 ns to 1800 ns, with a mean of 127 ns. We conjecture that the mean delay spread is lower because of the different structure of highways in the US versus Europe (where the measurements in ‎[15] were conducted) - European highways, especially near cities, have noise protection walls that lead to higher scattering. In ‎[13] mean delay spreads of 165 ns were observed, with variations from 6 to 2100 ns, though the standard deviation is relatively small (10% is around 20 ns, and 90% at 300 ns). Measurements in ‎[16] show maximum excess delays in excess of 4 microseconds. In ‎[17] mean rms delay spreads of about 150 ns are observed, with the 10%-90% range from 50 to 200 ns, and maximum excess delays up to about 3 microseconds. For LOS freeways, in ‎[14], rms delay spreads of 140 ns, and maximum excess delays of 2000 ns are measured.
· Angular spreads: 
· For the urban environment: Measurements in ‎[18] 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 finds a mean of 1.3 and a standard deviation of 0.1. The results are somewhat consistent with sample results from ‎[19], 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). 
· For the highway environment: We are only aware of the measurements of ‎‎[20] where different scatterers were measured and implemented in a geometry-based stochastic channel model (GSCM). The angular spread statistics arising from the measurements were not provided but can be extracted from the provided results.
Based on the above we have the following observations:
Observation 1: The rms and excess delay values of the current V2V channel model in both the urban and freeway scenarios is not consistent with measurements published in peer reviewed publications.
Observation 2: The rms and excess delay values in the channel models urban and freeway scenarios are different.
Observation 3: The angular spreads at the transmitter and receiver should be the same.
Observation 4: The spreads in the current V2V channel models are not consistent with measurements published in peer reviewed publications.
Following the observations and based on the presented published measurements we make the following proposals
Proposal 1: For urban environment use the following delay spread parameters for LLS: RMS delay spread: 300 ns (LOS) and 600ns (NLOS), maximum excess delay: 2000 ns.
Proposal 2: For freeway environment use the following delay spread parameters: RMS delay spread for LLS: 1200 ns, maximum excess delay: 3000 ns.
Proposal 3: For urban environment, use the following delay spread distribution for SLS (at 6 GHz): mean logarithmic delay spread: -6.5 for LOS, -6.2 for NLOS, and standard deviation 0.28.
Proposal 4: For the freeway environment, use the following delay spread distribution for SLS (at 6 GHz): mean logarithmic delay spread: -6.8, standard deviation 0.33.
Proposal 5: For urban environment use the following angular spread parameters: mean logarithmic azimuth spread: 1.75, logarithmic azimuth spread standard deviation: 0.1, mean logarithmic elevation spread: 1.3, logarithmic azimuth spread standard deviation: 0.1.
Proposal 6: For freeway environment the angular spread parameters should be determined based on existing peer reviewed published measurements (e.g. ‎‎[20]) and/or other measurements.

Shadowing for Below 6 GHz 
A first step in incorporating the impact of OLOS (henceforth called NLOSv to confirm with the recent discussion) should be to identify the receive power variations due to LOS obstruction. Several extensive measurement campaigns have been conducted to analyze the impact of LOS obstruction by vehicles in different environments. Shadowing with NLOSv on a highway was analyzed in ‎[21], with passenger cars and SUVs both as TX/RX, and as obstacles. An increase was found in the shadowing standard deviation from approximately 3 dB in the LOS case to 5 dB in the NLOSv case. Insertion of a truck or bus leads to significantly larger losses than passenger cars, as shown in ‎[22] where a blocking loss by a school bus of approximately 10 dB was measured. Attenuations by trucks have been measured in ‎[23] to be on the same order. In either case, the placement of the antennas played an important role. The results are also consistent with the measurements in ‎[19], where extensive experiments with somewhat smaller vans were performed. 
The measured results of the attenuation are in reasonable agreement with a knife-edge diffraction model. [27], though sometimes too optimistic for short distances between TX and RX. In particular when the intervening object has large dimensions, a double knife-edge diffraction model could be considered; yet comparisons to the measured results when a school bus was the intervening object showed both the Bullington and the Deygout methods to be too pessimistic. 
A deterministic shadowing model type B [26] (for shadowing by vehicles) describes only the attenuation of the LOS path, or any other path that are diffracted by the equivalent rectangular screen that describes the obstacle. For the comparison between measurements and model in [27], this fact does not have a significant impact, since measurements were done in an empty parking lot. Measurements in [23] were done in a street canyon, so that MPCs propagating to the receiver via the house walls are not attenuated by the obstacle (school bus); this might partly explain why the measured attenuation is below the one predicted by the double knife-edge diffraction model. However, while a double-knife edge model might give higher accuracy and is also close to the physics of propagation around a bus or truck, the additional computational effort might not be warranted given all other uncertainties of the model. Rather, in the tradeoff between accuracy and simplicity, the use of the single-knife edge diffraction, in the approximation of blocking model B thus seems a reasonable compromise.
It must be emphasized that if LOS and NLOSv 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. Clearly, introducing a NLOSv state in addition to the LOS and NLOS states that exist in the current model will result in a more accurate channel model. This approach seems to be the preferred approach by a large number of companies (see ‎[24], ‎[25]).
Another aspect that was investigated in ‎[23] is the correlation distance of the shadowing in rural and highway scenarios. In highway scenarios, the LOS correlation distance was found to be on the order of 20 m, which is in line with the parameters suggested in the current model; the correlation distance in NLOSv was found to be much larger (on the order of 75 m). Shadowing correlation distance in an urban environment with a truck as an obstacle was measured in ‎[22]. The results are on the order of 10 m, and thus in agreement with the values used in the current model. Note that the environment in those measurements was a “lightly built up” urban environment with gaps between the houses on the side, and hence results in a heavy “street canyon” environment might behave differently. 
As we recommend the use of a geometrical shadowing model for shadowing by trucks, the relevant correlation distances are those for environmental shadowing only. Thus, the large measured correlation distances for NLOSv in highway scenarios mentioned above are not relevant, and the currently used values (25m for highway, 10m for urban) can be used. 
Based on the results presented above we have the following observations:
Observation 1: The standard deviation of the shadow fading in V2V channels is different between LOS and NLOSv.
Observation 2: The NLOSv path-loss of V2V channels is dependent on the size of the blocking vehicle.
Observation 3: The loss and the standard deviation of the shadow fading in V2V channels is dependent on the location of the antennas on the vehicles.
Following the observations and assuming that a NLOSv state is added to the channel model, we make the following proposals:
Proposal 1: Use model B of ‎[26] (TR 38.901) to model shadowing by blocking vehicles.
Proposal 2: The size of the screen in model B should reflect different vehicle types including passenger cars and trucks.

Conclusion
[bookmark: _GoBack]This contribution discussed the different aspects of the eV2X sidelink channel modeling for the case of frequencies below 6 GHz, especially the delay and angular spread of LOS and NLOSv, and the effect of shadowing. We summarize our observations and proposals, regarding delay and angular spread below 6 GHz, as follows:
Observation 1: The rms and excess delay values of the current V2V channel model in both the urban and freeway scenarios is not consistent with measurements published in peer reviewed publications.
Observation 2: The rms and excess delay values in the channel models urban and freeway scenarios are different.
Observation 3: The angular spreads at the transmitter and receiver should be the same.
Observation 4: The spreads in the current V2V channel models are not consistent with measurements published in peer reviewed publications.
Based on the presented published measurements we make the following proposals, regarding delay and angular spread below 6 GHz:
Proposal 1: For urban environment use the following delay spread parameters for LLS: RMS delay spread: 300 ns (LOS) and 600ns (NLOS), maximum excess delay: 2000 ns.
Proposal 2: For freeway environment use the following delay spread parameters: RMS delay spread for LLS: 1200 ns, maximum excess delay: 3000 ns.
Proposal 3: For urban environment, use the following delay spread distribution for SLS (at 6 GHz): mean logarithmic delay spread: -6.5 for LOS, -6.2 for NLOS, and standard deviation 0.28. 
Proposal 4: For the freeway environment, use the following delay spread distribution for SLS (at 6 GHz): mean logarithmic delay spread: -6.8, standard deviation 0.33.
Proposal 5: For urban environment use the following angular spread parameters: mean logarithmic azimuth spread: 1.75, logarithmic azimuth spread standard deviation: 0.1, mean logarithmic elevation spread: 1.3, logarithmic azimuth spread standard deviation: 0.1.
Proposal 6: For freeway environment the angular spread parameters should be determined based on existing peer reviewed published measurements (e.g. ‎‎[20]) and/or other measurements.

Regarding shadowing for below 6 GHz, we summarize our observations as follows:
Observation 1: The standard deviation of the shadow fading in V2V channels is different between LOS and NLOSv.
Observation 2: The NLOSv path-loss of V2V channels is dependent on the size of the blocking vehicle.
Observation 3: The loss and the standard deviation of the shadow fading in V2V channels is dependent on the location of the antennas on the vehicles.
And, assuming that a NLOSv state is added to the channel model, we make the following proposals:
Proposal 1: Use model B of ‎[26] (TR 38.901) to model shadowing by blocking vehicles.
Proposal 2: The size of the screen in model B should reflect different vehicle types including passenger cars and trucks.
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