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1 Introduction

During the RAN plenary meeting in West Palm Beach, the Study Item on evaluation methodology of new V2X use cases for LTE and NR was agreed [1]. 

One of the objectives of the SI is to investigate “Sidelink channel model for spectrum above 6 GHz.” This means the direct vehicle-to-vehicle link. To clarify this objective, among others, an email discussion was done during June – August 2017 within the RAN1 email reflector [2]. The key findings from the email discussion are shown below.

· Focus on >6 GHz. However, the new channel model can also be used as an additional option for below 6 GHz.

· Reuse TR38.901 as a common framework.

· Sidelink is not covered by TR38.901

· Highway scenario is not covered by TR38.901.

· Urban sidelink scenario is different from UMa or UMi of TR38.901.

· Other scenarios such as sparsely parked cars in suburban should be modeled as well.

· Signal blockage by intermediate vehicles needs to be modeled. Either explicit blockage or a simplified model.

· Oxygen absorption can be modeled based on TR38.901.

· Impact of self-blockage can be captured in antenna pattern.

· Urban path loss could be based on UMi of TR38.901.

· Companies are encouraged to provide measurement results for vehicle blockage. 

· UMi might be reused with some modification.

· Spatial consistency, large bandwidth and large antenna array, correlation modelling for multi-frequency simulations can be considered.

· Further study is needed on whether modifications for fast fading model are needed.

· For cellular link, existing model may be reused, but for V2V, a new model is needed.

· It is good to strive for single channel model for all the frequencies
· Blockage due to truck, barrier etc.

· Modified LOS probability

· Penetration loss through car/truck.

· Antenna location in a car may be very different from the antenna locations of conventional UEs. The impact of antennal location on delays and angles should be studied. The correlation of possible multiple antenna panels needs to be studied as well.

· Dual mobility.

· Multiple Doppler effect due to moving Tx, moving Rx, and moving scatterers.

· Large bandwidth aspect is important for vehicle positioning.

· Angle spreads should be equal for Tx and Rx.

All the above items were mentioned in the email discussion. Additionally, new email discussion marked as “[90b-NR-02]” included more details in channel modeling after the RAN1#90bis [9]. This contribution is revised from [7], [8], and [10], and it introduces some important aspects in sidelink channel modeling.

2 Discussion
2.1 Line-of-Sight/Non-Line-of-Sight (LOS/NLOS) states, blockage, and shadowing

LOS/NLOS state, blockage, and shadowing are related topics. The graphics below shows four different cases in which the objects between two vehicles can be considered as blocking objects, shadowing objects, scattering objects, or causing NLOS state (Figure 1). The cases are as follows. Case 1 illustrates the situation in which direct path (LOS) is not blocked by any object such as buildings or other vehicles. Case 2 is typical urban environment in which the direct path is blocked by a building. Case 3 shows the situation where the direct path is blocked by one or multiple vehicles between the transmitter and receiver. This is typical case in a freeway or for vehicles on the same road in urban environment. Case 4 explains a situation where the signal is blocked by buildings and vehicles. 
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	Case 1: LOS
	Case 2: NLOS. Direct ray blocked by a building. No vehicles except Tx and Rx around.
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	Case 3: LOS or NLOS? Direct ray blocked by a vehicle or multiple vehicles.
	Case 4: NLOS. Direct ray blocked by a building. Several vehicles may block different propagation paths, but also create new paths.


Figure 1. Four cases in V2V communication.

2.2 Comparison of Case 2 and Case 4
Let us consider the differences between Case 2 and Case 4 in Figure 1. The direct ray is blocked by the building in both cases, but in Case 4, there is additional attenuation by the blocking vehicle. Especially in mm-waves, the signal is heavily attenuated along that direct ray, and the signal level at Rx is probably too low for reliable communication anyway, and the additional attenuation by the vehicle does not change the situation considerably. However, we should take other propagation mechanisms into account. Figure 2 compares the propagation mechanisms and impact of blockage in Case 2 and Case 4.
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	Case 2a: Absorption by building (high loss).
	Case 4a: Absorption by building and vehicle (high loss).
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	Case 2b: Diffraction by building.
	Case 4b: Diffraction by building (Note: diffraction path may be blocked by a vehicle).
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	Case 2c: Reflection by buildings (two paths).
	Case 4c: Reflection by buildings (two paths). One path blocked by vehicle.

	[image: image11.emf]building

building

Rx

Tx

building building


	[image: image12.emf]building

Rx

Tx

building

building building



	Case 2d: Scattering via building.
	Case 4d: Scattering via building and vehicles. The propagation channel is richer compared to the Case 2d. This is due to additional scattering caused by a number of vehicles.


Figure 2. Propagation mechanisms for Case 2 and Case 4.
When we compare the Case 2 and Case 4 propagation mechanisms in Figure 2, there is not much difference between them. The absorption loss in Case 4 is higher than in Case 2, but it may be very a weak path anyway, thus often negligible. The building diffraction loss may be higher in Case 4, if the diffracted path is blocked by a vehicle. On the other hand, vehicle may cause additional diffraction and compensate the loss a little bit. The reflection loss is the same for one path, but another path is blocked by a vehicle in this example (Case 4c). The scattering may be constructive or destructive, depending on the exact locations of the scatterers. Assuming the absorbed path is weak, and the reflection, diffraction, and scattering are more or less independent of the additional vehicle in the direct path, we could say that vehicle blockage in NLOS case is less obvious. It could be modelled as a stochastic process. 

Observation 1: The impact of vehicle blockage on received signal power in urban NLOS environment may be constructive or destructive.
2.3 Comparison of Case 1 and Case 3
Especially in the mm-wave frequencies, blockage of the direct LOS path will reduce the received signal power significantly. Thus the difference between Case 1 and Case 3 is considerable. For Case 3, previous measurements in 6 GHz band have shown that vehicle blocking the LOS path (i.e., blocking vehicle turning Case 1 into Case 3) has a profound effect on path loss (additional attenuation ranging from 5 dB in case of passenger cars to more than 25 dB in case of trucks) and shadow fading (increased shadow fading variance) [4], as well as on the fast fading parameters (e.g., delay spread) [5]. Similarly, for frequencies above 6 GHz, our initial measurements show attenuation compared to LOS in case of vehicle blockage ranging from 5 dB (in case of roof-mounted omni-directional antennas on both Tx and Rx and blockage by passenger cars of height similar to Tx and Rx antenna heights) to more than 40 dB (in case of bumper-level directional antennas and the blocking car near the Tx and/or Rx). Furthermore, the initial analysis of fast fading parameters (delay spread, angular spread, etc.) show patterns distinct from both the LOS and blocking by buildings. 
Observation 2: The impact of vehicles blocking the LOS path on received signal power is significant.
Thus, in order to accurately model cases 1 and 3, it is necessary to consider three possible states for blockage:

· LOS propagation with no blockage, representing case 1
· NLOS propagation with blockage from the static environment, such as building, trees, etc. (referred to as NLOSb), representing cases 2 and 4
· NLOS propagation with blockage from the dynamic environment, such as cars, trucks, etc. (referred to as NLOSv), representing case 3
Proposal 1: Model the blockage for the sidelink channel as three states (LOS, NLOSv, NLOSb).
2.4 Realistic analysis of LOS probabilities for three states (LOS, NLOSv, NLOSb)
In addition to the different propagation characteristics of the LOS states, another important aspect is the probability of occurrence of each state. In the following probability curves, Case 1 is depicted as LOS curve, Case 3 as NLOSv, and combined Case 2+4 as NLOSb. The sum probability is 1. The contribution described in [6] analyzed in detail LOS probabilities, distinguishing LOS, NLOSv, and NLOSb states. Real roads and realistic vehicular mobility in cities and on highway was used, as shown in Figure 3 and Figure 4. 
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Figure 3 Example of an urban environment (downtown London) that was used for LOS probability measurements.
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Figure 4 Highway environment (A6 highway, Germany) used for LOS probability measurements. 
By using real roadways and traffic rules and employing vehicular traffic dynamics models such as car-following,  REF _Ref454993575 \h 
 shows the LOS probabilities for each of the three states in urban, whereas  REF _Ref454993647 \h 
 shows the results for highway, both for  medium vehicular density (as detailed in [6]). In case of highway results, analysis in [6] contained both highway and on-ramp/off-ramp traffic (see Figure 4: vehicles joining and exiting highway from other roads). In contrast, Figure 6 shows the results for the highway-only part (i.e, without on- and off-ramp traffic), which is equivalent to highway scenario in [11] and results in two LOS states only (LOS and NLOSv), since the buildings and trees do not block the LOS on what is mostly a flat highway. In urban scenario, NLOSv probability reaches 45% when Tx and Rx are between 30 and 70 meters apart and is higher than NLOSb probability up to 100m. In highway scenario, NLOSv probability reaches 15%, 30%, and 40% at 100m, 200m, and 300m Tx-Rx distance, respectively.  
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Figure 5 LOS probabilities in urban environment.

Observation 3: The vehicle blockage is the main cause of NLOS at short distances in urban environment.
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Figure 6 LOS probabilities on highway.

TC "3 LOS probabilities on A6 highway." \f f
Observation 4: The vehicle blockage is the main cause of NLOS in highway environment.
Table 1 shows the equations for highway and urban environment that were used to generate curves in Figure 5 and Figure 6.
Table 1. LOS probability equations for highway (straight highway only, no on/off-ramp) and urban environment
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Proposal 2: Use equations in Table 1 to model the LOS probabilities for sidelink channels in highway and urban environment.

2.5 Comparison of all cases
Table 2 below compares the four cases.

Table 2. Comparison of the four cases.
	Case
	Blocking objects
	Basic propagation mechanisms
	Notes

	Case 1
	none
	free space propagation, ground reflection, scattering from surrounding buildings and vehicles
	LOS

	Case 2
	building
	diffraction around the building corner, reflection and scattering from surrounding buildings and vehicles
	NLOSb (similar to NLOS case in TR38.901 UMi). Highly probable in long distance urban environment. High impact on system performance.

	Case 3
	vehicle
	diffraction around the blocking vehicle, reflection and scattering from surrounding buildings and vehicles
	NLOSv (LOS path blocked by a vehicle). Higher probability than Case 2 in short distance urban and medium/high vehicle density freeway environment. High impact on system performance.

	Case 4
	building and vehicle
	diffraction around the building corner, reflection and scattering from surrounding buildings and vehicles
	NLOSb+NLOSv (NLOS, additional blockage by a vehicle). The impact of additional loss by vehicle may be constructive or destructive. Thus the impact on system performance is FFS.


These four scenarios may be mapped onto four or three states as shown in Figure 7. Since the differences between the Case 2 and Case 4 depend on the reflected, diffracted, and scattered paths, the final result is random, and could be modeled as a random function (such as increased shadowing). Therefore, downscaling the number of options from four to three could be considered. 
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Figure 7. Mapping of the four cases onto channel states.
Based on the above analysis, and following the conclusions of WF on Modeling Line-of-Sight Blockage for V2V presented in RAN WG1 Meeting #86b [3], we propose to model the sidelink channel as three states: 

· LOS (Case 1)

· NLOSv (blockage by vehicle) (Case 3)

· NLOSb (blockage by building and other static objects) (Case 2 and Case 4)
3 Conclusion
This contribution discussed the different aspects on eV2X sidelink channel modeling, especially the vehicle impact to the LOS/NLOS states. The main observations and proposals are shown below.

Observation 1: The impact of vehicle blockage on received signal power in urban NLOS environment may be constructive or destructive.
Observation 2: The impact of vehicles blocking the LOS path on received signal power is significant.
Observation 3: The vehicle blockage is the main cause of NLOS at short distances in urban environment.
Observation 4: The vehicle blockage is the main cause of NLOS in highway environment.
Proposal 1: Model the blockage for the sidelink channel as three states (LOS, NLOSv, NLOSb).
Proposal 2: Use equations in Table 1 to model the LOS probabilities for sidelink channels in highway and urban environment.

Table 1. LOS probability equations for highway (straight highway only, no on/off-ramp) and urban environment
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