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Introduction
RAN1 will soon start the standardization work for NR eV2X, already initiated in several rounds of email discussion ([89-28], [90-30], [90b-NR-02] whose results are captured in [1],[2],[3]) for the evaluation methodology. Modelling of eV2X channels was one focus of the discussion. Two starting points for the discussion were: the channel models in TR 38.802 [4] for eV2X evaluation at frequencies below 6 GHz (given in Table 1 below) and the channel models for frequencies from 0.5 GHz to 100 GHz in TR 38.901 [9]. So far, the following consensus on channel models has been reached during the email discussions:

· Issue #20) At least for above 6 GHz, it is necessary to introduce “vehicle blockage modeling” (e.g., penetration loss through cars or trucks, modified LOS probabilities, etc.). 
· Issue #21) For above 6 GHz, it is agreeable that the fast fading parameters of “UMi-Street Canyon [9]” with some modification (e.g., setting statistics of AoD/ZoD to be the same for V2V link) can be 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)).
Note that even though it is still unclear whether the channel models proposed in TR 38.802 [1] will be used for the evaluation of NR eV2X, those channel models were used for LTE V2X (TR 36.885) and hence will be a good reference for modelling NR eV2X channels. For example, they can be referred to when developing the fast fading parameters mentioned in Issue #21 above. Note that the channel models for NR eV2X should not exhibit fundamental differences from the channel models for LTE V2X for below 6 GHz. It is therefore important to understand the limitations of the LTE V2X channel models and take that into account in modelling channels for NR eV2X. 
Issue #20 above implies that the channel models for eV2X need to include LOS, NLOS due to static objects (e.g. buildings), and NLOS due to moving objects such as vehicles.  
[bookmark: _Ref505943971]Table 1 (Table A.2.1-2 in [1]): System level evaluation assumptions for eV2X 
	Parameters
	Urban grid for eV2X
	Highway for eV2X

	Carrier frequency
	Macro to/from vehicle/pedestrian UE: 4 GHz 
Between vehicle/pedestrian UE: 6 GHz
BS-type-RSU to/from vehicle/pedestrian UE: 4 GHz 
UE-type-RSU to/from vehicle/pedestrian UE: 6 GHz 
Note: Agreed value does not mean non-ITS band is precluded for real deployment for sidelink
	Macro to/from vehicle/pedestrian UE: 2 GHz or 4GHz
Between vehicle/pedestrian UE: 6 GHz
BS-type-RSU to/from vehicle/pedestrian UE: 4 GHz
UE-type-RSU to/from vehicle/pedestrian UE: 6 GHz
Note: Agreed value does not mean non-ITS band is precluded for real deployment for sidelink

	Channel model
	Macro to/from vehicle/pedestrian UE: 3D UMa 
Between vehicle/pedestrian UE: V2X Channel model in TR36.885
RSU to/from vehicle/pedestrian UE: V2X Channel model in TR36.885
	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 TR36.885
RSU to/from vehicle/pedestrian UE: V2X Channel model in TR36.885


Given the background presented above, in this contribution we focus on channel models for V2V and address the following:
· We review some aspects of the existing channel models in [5] and propose changes to make the models more realistic for V2V.
· We discuss how blockage modelling could be realized using of the blockage model from TR 38.901 [9]. 
Note that since it is desirable and important to have channel models that behave consistently over the whole frequency range from ~1 GHz to 100 GHz, the discussions in this contribution concern frequencies below and above 6 GHz.
[bookmark: _Ref462776158]Limitations of LTE V2V channel models and necessary changes for NR V2V
Although the channel models in TR 36.885 [5]  were used for evaluation of LTE V2X, we observe that these models have not captured some important physical effects that have practical impacts, especially when operating with directive antennas or antenna arrays or at higher frequencies. In particular, the V2V channel models (for urban and freeway cases) in [5] are given as follows:
Table 2 (Table A.1.4-1 in [5]): Assumptions for vehicle-to-vehicle channel
	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 TR 36.843 with fixed large scale parameters during the simulation.


The following observations can be made from the above table:
1) The pathloss and shadowing, or in other words the LOS and NLOS due to blocking of static objects such as buildings, trees, etc. were captured, but the effect of signal blocking due to moving objects such as other vehicles were not captured. In practice, the loss due to moving obstacles cannot be ignored, especially in dense traffic scenarios, also because vehicles’ antennas can be placed at low positions like at the bumpers, as discussed in one of our contributions [7]. It is also important to note that the blocking effect is already significant at frequencies below 6GHz even though it is generally more severe at higher frequencies. This observation is related to issue #20 presented in Section 1.
2) The current channel models assume implicitly omnidirectional antennas. However, for eV2X we expect vehicles to implement antenna arrays and having directional transmission, e.g., via beamforming. As a result, some modification is needed to reflect the directional transmission.
3) Only NLOS is assumed for modelling fast fading and a uniform AOA spread of 104 degrees is assumed for Doppler modelling (Section A.2.1.2.1.1 in TR 36.843). These assumptions are not plausible in eV2X where directional transmission techniques play an important role. 
4) According to the procedure for generating channel coefficients in the model, which is detailed in Annex 1 of [8], for NLOS and especially for Manhattan-like scenario, the distribution of the cluster/ray AoA/AoD seems to be defined as a randomization centered around the LOS direction (see Eq. (17) in Annex 1 of [8]). However, this may not be applicable to the case where the transmitter and receiver are around the street corner. An example is given in Figure 1. It is obvious that in this case the clusters should be distributed in alignment with the street directions (AO and OB) rather than with the line connecting the transmitter and the receiver (AB).

 [image: ]
Figure 1: Tx and Rx are in perpendicular streets 
As a result, to address 1) and 2) a model for blocking is necessary. The model should include self-blocking of the vehicle, which is typically applicable to 2) depending on the positions of transmitting and receiving antenna arrays. 3) can be addressed by adding LOS component and a more accurate model of AoA distribution to the fast fading modelling. As for 4), we believe that it is more accurate to centre the spread of AoA/D angles around the main direction of the street. 
Observation 1:
· The channel models for LTE V2V evaluation have certain issues that may affect their accuracy:
· Blocking due to moving objects like vehicles, including self-blocking, has not been captured.
· LOS component has not been captured in fast fading modelling, and a uniform spread of AoA is not a plausible assumption.
· The procedure for calculating small scale parameters for NLOS does not accurately capture the scenario where the transmitter and the receiver are around the street corner.
Proposal 1: If channel models in TR36.885 or their derivatives are to be used for NR V2X simulations, the following updates are needed:
· Update channel models with blockage effect due to moving objects, including self-blocking.
· Update the fast fading modelling with LOS component and a more accurate AoA spread assumption
· Consider using parameters from the TR 38.901 UMi LOS channel as a starting point, with proper modifications to obtain symmetry of Tx and Rx.
· Update the procedure for calculating small scale parameters, at least for V2V NLOS, as follows:
· Align mean AoD/AoA ( in Eq. (17) in [8]), with the street direction instead of LOS direction.
Model for blockage
[bookmark: _Hlk506469460]As discussed in Section 1 and Section 2, the blocking effect is significant at both low and high frequencies. Therefore, it is desirable to have a common and consistent model for blockage across different frequency ranges and in which the evolution of blockage over time can be modelled. Here we want to emphasize the importance of smooth transition between LOS and NLOS states (both due to static objects and due to mobile objects). It is so because the evaluations will involve time-dynamic simulations where it is important that the channel variations are continuous but realistic. An example of a realistic modelling of blockage is given in R1-160845 (figures 3 and 4), represented in Figure 2 below. In this example the fitted model has captured smooth and realistic changes of signal strength over time when the blocker passes through in between the transmitter and the receiver. In particular, there is a smooth degradation in signal strength when the truck enters the observation region (at around 22.3 seconds) and a smooth increase in signal strength when the truck leaves (at around 23.6 seconds). Transmissions occur during the transition phases undergo different propagation conditions than the LOS or the NLOS states. Therefore, the transition phases also need to be captured in the blockage model.
[image: ][image: ]

Figure 2: Measurement and modelling of blockage effect by a garbage truck, copied from Figure 3 and 4 in R1-160845. Upper left figure: photo of the truck used in the measurement; Lower left figure: screen model of the truck; Right figure: the measured signal strength and the fitted model. In order to fit the model to the measurements a truck speed of 25 km/h has to be assumed. Further, a Ricean K value of 8 dB was fitted to the measurement data. 
In TR 38.901 [9] blockage modelling is provided as an add-on feature to the channel model (section 7.6.4). We observe that the blockage Model B from TR 38.901 (see Appendix A) provides simple and physical modelling of transitions between LOS and NLOS states and can be used as baseline for blocking by both static and moving objects. The Model B therefore can be made applicable for V2X with possibly some modified parameters to reflect V2X environment. Moreover, since the model is valid for frequencies 0.5-100 GHz, it suits the need for a common model for eV2X evaluations in different frequency ranges. The added computational effort includes the identification of blocking vehicles. It is sufficient to include only a limited number of blockers (K) for the calculation, e.g., the two that are closest to the transmitting and receiving units. An additional option of blocker parameters may also be required for tall vehicles, e.g., trucks, buses, trams, etc. Further background and validation of the model is described in R1-160845 [10]. 
Observation 2:
· It is desirable to have a consistent model for V2V blockage across different frequency ranges and which can accurately capture the time evolution of blocking.
· Blockage for cellular communication is modelled in TR 38.901 as an add-on feature, applicable for frequencies 0.5-100 GHz, and the same principle can be applied to channel for V2V with limited changes.
· Blockage Model B from TR 38.901 provides simple and physical modeling of transitions between LOS and NLOS states and can be used as baseline for blocking by both static and moving objects.
Proposal 2:
· Model blockage as an add-on feature to channel models for NR V2X
· Use Model B in TR 38.901 Section 7.6.4 as baseline, with the following details:
· Capture at most two dominant blockers for each transmitter vehicle – receiver vehicle pair. These blockers are selected from a large set of candidates, e.g., one candidate for each transmitter / receiver in the simulation.
· It is sufficient to use a single screen to emulate the blockers. The size of this screen can be adapted to the blocking scenario, smaller screens for regular cars and large for trucks or buses.
· The model shall be valid for frequencies 0.5-100 GHz.
Conclusions 
In this contribution we present the following proposals for channel models for NR eV2X evaluation.
Observation 1:
· The channel models for LTE V2V evaluation have certain issues that may affect their accuracy:
· Blocking due to moving objects like vehicles, including self-blocking, has not been captured.
· LOS component has not been captured in fast fading modelling, and a uniform spread of AoA is not a plausible assumption.
· The procedure for calculating small scale parameters for NLOS does not accurately capture the scenario where the transmitter and the receiver are around the street corner.
Proposal 1: If channel models in TR36.885 or their derivatives are to be used for NR V2X simulations, the following updates are needed:
· Update channel models with blockage effect due to moving objects, including self-blocking.
· Update the fast fading modelling with LOS component and a more accurate AoA spread assumption
· Consider using parameters from the TR 38.901 UMi LOS channel as a starting point, with proper modifications to obtain symmetry of Tx and Rx.
· Update the procedure for calculating small scale parameters, at least for V2V NLOS, as follows:
Align mean AoD/AoA ( in Eq. (17) in [8]), with the street direction instead of LOS direction.
Observation 2:
· It is desirable to have a consistent model for V2V blockage across different frequency ranges and which can accurately capture the time evolution of blocking.
· Blockage for cellular communication is modelled in TR 38.901 as an add-on feature, applicable for frequencies 0.5-100 GHz, and the same principle can be applied to channel for V2V with limited changes.
· Blockage Model B from TR 38.901 provides simple and physical modeling of transitions between LOS and NLOS states and can be used as baseline for blocking by both static and moving objects.
Proposal 2:
· Model blockage as an add-on feature to channel models for NR V2X
· Use Model B in TR 38.901 Section 7.6.4 as baseline, with the following details:
· Capture at most two dominant blockers for each transmitter vehicle – receiver vehicle pair. These blockers are selected from a large set of candidates, e.g., one candidate for each transmitter / receiver in the simulation.
· It is sufficient to use a single screen to emulate the blockers. The size of this screen can be adapted to the blocking scenario, smaller screens for regular cars and large for trucks or buses.
· The model shall be valid for frequencies 0.5-100 GHz.
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Appendix A (TR 38.901, Section 7.6.4)
Blockage modelling is an add-on feature to the channel model. The method described in the following applies only when this feature is turned on. In addition, the temporal variability of the blockage modelling parameters is on-demand basis. It is also noted that the modelling of the blockage does not change LOS/NLOS state of each link.
When blockage model is applied, the channel generation in Subclause 7.5 should have several additional steps between Step 9 and 10 as illustrated in Figure 7.6.4-1.

[image: ]
Figure.7.6.4-1 Channel generation procedure with blockage model
Two alternative models (Model A and Model B) are provided for the blockage modelling. Both approaches have their own use cases. Model A is applicable when a generic and computationally efficient blockage modelling is desired. Model B is applicable when a specific and more realistic blocking modelling is desired. 

[bookmark: _Toc452965577]7.6.4.2	Blockage model B
Model B adopts a geometric method for capturing e.g., human and vehicular blocking. 
Step a: Determine blockers




A number, , of blockers are modelled as rectangular screens that are physically placed on the map. Each screen has the dimension by height () and width (), with the screen centre at coordinate . 
Note: 




-	The number of blockers (), their vertical and horizontal extensions ( and ), locations , density, and movement pattern (if non-stationary) are all simulation assumptions, to allow different blocking scenarios to be constructed depending on the need of the particular simulation study.
	Recommended parameters for typical blockers are provided in Table 7.6.4.2-5. 

-	The blocking effect diminishes with increasing distance to the blocker. For implementation purposes it may be sufficient to consider only the  nearest blockers or the blockers closer than some distance from a specific UT. 
Table 7.6.4.2-5: Recommended blocker parameters
	
	Typical set of blockers
	Blocker dimensions
	Mobility pattern

	Indoor; Outdoor
	Human
	Cartesian: w=0.3m; h=1.7m
	Stationary or up to 3 km/h

	Outdoor
	Vehicle
	Cartesian: w=4.8m; h=1.4m
	Stationary or up to 100 km/h



Step b: Determine the blockage attenuation per sub-path
Attenuation caused by each blocker to each sub-path is modelled using a simple knife edge diffraction model and is given by 

		(7.6-29)




where ,  and ,  account for knife edge diffraction at the four edges, and are given by

		(7.6-30)






where  is the wave length. As shown in Figure 7.6.4.2-2,  are the projected (onto the side and top view planes) distances between the receiver and four edges of the corresponding blocker, and are the projected (onto the side and top view planes) distances between the transmitter and four edges of the corresponding blocker. The side view plane is perpendicular to the horizontal ground plane. The top view is perpendicular to the side view. For each cluster, the blocker screen is rotated around its centre such that the arrival direction of the corresponding path is always perpendicular to the screen. It should be noted that different rotations are required for each individual sub-path. Meanwhile, the base and top edges of the screens are always parallel to the horizontal plane. As the screen is perpendicular to each sub-path,  is the distance between the transmitter and receiver for the direct path in LOS, and  is the distance between the blocker screen and receiver, projected onto the incoming sub-path direction, for all the other (NLOS) paths. In the equation of , the plus and minus signs are determined in such a way that, as shown in Figure 7.6.4.2-2, 




-	if the sub-path (terminated at the receiver or transmitter) does not intersect the screen in side view, minus sign is applied for the shortest path among and  in the NLOS case (and in the LOS case) and plus sign is applied for the other edge. 




-	if the sub-path (terminated at the receiver or transmitter) does not intersect the screen in top view, minus sign is applied for the shortest path among and  in the NLOS case (and for the LOS case) and plus sign is applied for the other edge. 
-	if the sub-path intersects the screen plus signs are applied for both edges.
For the case of multiple screens the total loss is given by summing the losses of each contributing screen in dB units.
The model according to option B is consistent in time, frequency and space, and is more appropriate to be used for simulations with arbitrarily designated blocker density. 



Figure 7.6.4.2-2(a): Illustration of the geometric relation among blocker, receiver and transmitter for the LOS path
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]


Figure 7.6.4.2-2(b): Illustration of the geometric relation between blocker and receiver for NLOS paths
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