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Introduction
In this contribution, we provide our views on channel models for eV2X evaluation methodology. As a general principle, we try to reuse channel models and scenarios from LTE-V2V framework [3GPP-LTE-V2X [1]] as well as NR channel modeling [3GPP-NR-CH[2]]. The main motivation for proposed modifications is to come up with the unified eV2X channel models applicable for low and high carrier frequencies and more realistically model some of the important V2V specific aspects while keeping reasonable complexity for eV2X system level evaluations. The document is organized as follows. In Section 2, we discuss antenna configurations for eV2X evaluations focusing on main characteristics and antenna placement options for all types of nodes. Section 3 provides our views on eV2X channel modeling framework for system level evaluations including multiple aspects of large scale and small scale channel modeling. Finally, link level channel models are discussed in Section 4. The document is concluded with the summary of our proposals.
Antenna Considerations
gNB and gNB-Type RSU Antenna Characteristics
The gNB antenna configuration specified in TR 38.802 [3GPP-NR-PHY[3]], Table A.2.1-5 for Freeway and Urban scenarios may be reused. Additional clarifications are provided in sub-sections below.
Note: that by gNB we assume Macro type of gNBs with max TX power 49dBm in FR1, while by gNB-Type RSU we assume Micro(low power) gNBs with max TX power 24dBm in FR1.
Antenna Placement
In our companion contribution, we proposed to reuse gNB deployment defined in TR 36.885. Therefore, the same gNB antenna rotation angles as it is shown in Figure A.1.3-1 – Figure A.1.3.3 in [3GPP-LTE-V2X[1]] could be reused for eV2X evaluations. As for antenna tilts (not defined in TR 36.885), the values from Urban Macro and Rural scenarios from TR 36.814 could be used for gNB antenna tilt in Urban and Freeway scenarios accordingly (i.e. 102 and 96 degree accordingly).
Proposal 1
· Reuse gNB cell layout from TR 36.885 including antenna boresight angle definition
· Apply gNB antenna tilts of 102 and 96 degree for Urban and Freeway scenarios accordingly
Antenna Element Pattern
According to the [3GPP-NR-PHY [3]], directional antenna array element pattern specified in [3GPP-LTE-3DCH[4]] could be used for gNB/gNB-Type RSU evaluation for both below and above 6GHz carrier frequencies. The details of the antenna element pattern are listed in Annex B Table 13.
Regarding the gNB-Type RSU antenna element pattern for below 6GHz, the following agreement was achieved at RAN1#92: “BS-type RSU: Follow the modelling of micro BS in [3GPP-LTE-3DCH[4]]”. The [3GPP-LTE-3DCH[4]] document specifies two antenna element models applicable to Low Power Nodes: directional and omni-directional in horizontal plane. 
It is still not clear which antenna element pattern should be used for gNB-type RSU. Therefore, we propose to clarify, that the gNB-type RSUs which are deployed along the roads in Freeway and Urban scenarios utilize directional antenna pattern, while gNB-Type RSU deployed at urban intersections utilize omni-directional antenna element pattern in horizontal plane.
Proposal 2
· gNB-type RSUs which are deployed along the roads in Highway and Urban grid scenarios utilize directional antenna patterns.
· gNB-Type RSU deployed at Urban grid intersections utilize omni-directional antenna element pattern.
Antenna Array Configuration
Number of antenna elements (up to 256) defined in Table A.2.1-5 of TR 38.802 [3GPP-NR-PHY[3]] for eV2X Urban Grid and Highway scenarios can be reused. Specific gNB antenna array configuration and antenna spacing parameters from Urban Macro scenario as defined in [3GPP-NR-PHY[3]] can be reused for gNB antenna array (see Table 1). Table 1 also provides gNB-Type RSU antenna array configuration.
[bookmark: _Ref506400577]Table 1. gNB/ gNB-Type RSU antenna array configuration parameters
	
	gNB (Macro gNB)
	gNB-Type RSU (Micro gNB)

	
	Low band (2-4 GHz)
	High band (30 GHz)
	Low band (2-4 GHz)
	High band (30 GHz)

	TXRU mapping
	Up to proponents
	Up to proponents
	Up to proponents
	Up to proponents

	Number of antenna elements across all panels
	Up to 256 Tx /Rx antenna elements
	Up to 256 Tx /Rx antenna elements
	Up to 8 Tx /Rx antenna elements 
	Up to 32 Tx /Rx antenna elements

	Antenna array configuration
(M, N, P, Mg, Ng)
	(8, 8, 2, 1, 1)
(TR 38.802, Baseline gNB antenna configuration for UMa scenario)
	(4, 8, 2, 2, 2)
(TR 38.802, Baseline gNB antenna configuration for UMa scenario)
	Along the roads:
(1, 2, 2, 1, 2) 
Panel bearing angle:
Ω0,1=Ω0,0+180
Directional antenna elements

Intersection:
(1, 2, 2, 2, 1)
Panel bearing angle:
Ω0,1=Ω0,0+90
Omni antenna elements

	Along the roads:
(2, 4, 2, 1, 2)
Panel bearing angle:
Ω0,1=Ω0,0+180
Directional antenna elements

Intersection:
(1, 4, 2, 4, 1)
Panel bearing angle:
Ω1,0=Ω0,0+90°; Ω2,0=Ω0,0+180°; Ω3,0=Ω0,0+270°; Directional antenna elements


	Antenna array spacing (dH,dV,dH,g,dV,g)
	(dH, dV) = (0.5, 0.8)λ
	(dH, dV) = (0.5, 0.5)λ
(dH,g, dV,g) = (4.0, 2.0)λ
	 (dH, dV) = (0.5, 0.8)λ
(TR 38.802, Section A.2.1, Dense Urban Micro cell TRP configuration)
	(dH, dV) = (0.5, 0.5)λ

	Others
	TXRUs within a panel can be assumed to be synchronized and phase-calibrated (at least to the same level as in LTE)



UE/UE-Type RSU Antenna Characteristics
[bookmark: _Ref513375005]Vehicle UE Antenna Placement
According to RAN1#92bis meeting agreements [5], the following three vehicle types were agreed for system-level evaluations: Vehicle Type 1 and Type 2 describe passenger vehicles with bumper and rooftop antenna position accordingly. Vehicle Type 3 represents a truck vehicle of 3 m height equipped with antenna system installed at 3 m height (rooftop).
While antenna height for vehicles of each type is already defined, all other antenna placement details are still open. Below, we provide our views on remaining antenna placement details.
Considering challenges in antenna installation and radio-frequency cable routing, we assume, that it would be beneficial to find a location where both low and high frequency antennas may provide reasonable coverage for V2V communication.
Proposal 3
· Consider the same antenna placement for low and high frequency bands
Type 1 vehicle is equipped with bumper antennas. According to the simulation results, provided in [8] for 5.9 GHz carrier frequency, single antenna installed near the bumper could not provide reasonable coverage in all directions due to significant car body attenuation which is about 10 dB if antenna is mounted at the front bumper and about 20 dB for rear bumper placement. Therefore, for Vehicle Type 1 (VT1) we propose to consider deployment of two antenna systems: at the front and rear bumpers accordingly.
According to the real vehicle antenna installation measurements [9] and radio waves propagation simulations [8], the single antenna installed above rooftop in shark-fin housing may be used for V2V communication at least for low frequency band. In high frequency band, distributed antenna placement may be beneficial to mitigate the impact of car body self-attenuation. However, to minimize complexity of the simulations, we propose to assume localized antenna placement also for the high frequency antennas.
Considering antenna placement at the truck (VT3), the following options are possible:
· Option 1 (above cabin rooftop): Antenna is placed above cabin rooftop
· Option 2 (side mirrors): Antennas are placed in truck side mirrors at the left and right side accordingly.
· Option 3 (above rooftop – front and rear side): Antennas are placed above vehicle rooftop at front and rear sides.
The first option with collocated antenna placement is the most simple from antenna installation perspective. However, truck body self-attenuation may significantly degrade signal propagation in backward direction even at low frequency, as it was observed in [10]. The second antenna placement option assumes installation in left / right side mirrors. Such antenna system coverage in backward direction especially at high frequencies may be substantially limited due to container self-blockage effect. Option 3 is the most challenging from antenna installation perspective, but may provide near to uniform coverage in all directions even at high frequencies. Therefore, we propose to consider antenna placement Option 3 for VT3 (see Figure 1).


[bookmark: _Ref513288941]Figure 1. Antenna placement options 
Proposal 4
· Use the following antenna placement options (see Figure 1):
· For VT1, antenna system is installed at the front and rear bumpers
· For VT2, antenna system is installed above rooftop (center of the vehicle)
· For VT3, antenna system is installed above rooftop at front and rear side 
Antenna Element Pattern
In this section we propose antennal element patterns for UE-Type RSU, vehicle and pedestrian UEs in Table 2 and Table 3 respectively.
[bookmark: _Ref506560689]Table 2. UE-Type RSU antenna element radiation pattern parameters
	Parameter
	Low band (6 GHz)
	High band (63 GHz)

	Antenna element gain vertical pattern
	

	According to the UE antenna radiation pattern parameters specified in Table 14

	Antenna element gain horizontal pattern
	

	

	Pattern combining method for 3D 
	

	

	Max direct. gain of the antenna element
	5 dBi
	5 dBi



[bookmark: _Ref506560690]Table 3. Vehicle UEs antenna element radiation pattern parameters
	
	Vehicle UE

	
	Low band (6 GHz)
	High band (63 GHz)

	Antenna element gain vertical pattern
	

	According to the UE antenna radiation pattern parameters specified in Table 14

	Antenna element gain horizontal pattern
	Vehicle Type 2: 


Vehicle Type 1 and Type 3: 
	

	Pattern combining method for 3D 
	
	

	Max direct. gain of the antenna element
	5 dBi
	5 dBi


Vehicle Antenna Placement Impact on Antenna Pattern
According to the measurement of the practical antenna placement [9] and antenna placement simulation studies [8][11], the vehicle antenna location may have significant impact on radiation pattern and signal propagation. The following aspects need to be considered: car body attenuation (self-attenuation) and distortion of antenna radiation pattern.
Self-attenuation
According to the RAN1#92b agreements, Vehicle Type 1 assumes antenna placement at the height of 0.75m. According to the simulation results provided in [8], the car body attenuation for such antenna placement is about 15-20 dB for front bumper and rear bumpers. For simplicity, for VT1 antenna placement we propose to use 20 dB additional attenuation value, which is also assumed in ECC Report 23(see [12], Section 4.1.1.4.6). The same value may be assumed for VT3. In addition, the distance dependent pathloss should also be taken into account for signal propagation between front and rear antennas.
Proposal 5
· For VT1 and VT3 use 20dB self-attenuation value.
· For coupling between rear and front antennas, use distance dependent pathloss (e.g. free space) and 20dB self–attenuation.
Distortion of Antenna Radiation Pattern
In [8][11], it was shown that antenna radiation pattern is significantly affected by car body and reverberation effects resulting in spatially selective antenna radiation patterns. 
This effect can be incorporated into the antenna element pattern by introducing noisy components. In order to model it, the solid angle can be divided into [5°] bins over azimuth and zenith angles and random variable component can be added to reference antenna element pattern (e.g. amplitude and phase patterns). In order to design model of antenna radiation pattern distortion additional measurements are needed. If random distortion is considered, additional information on overall antenna array correlation characteristics need to be discussed (e.g. whether same distortion pattern is applied per antenna element or independent distortion patterns should be generated for each antenna elements).
In our view, further analysis of these effects is needed. Therefore at this stage, we propose to consider two types of antenna radiation patterns: reference and coupled (i.e. taking into account car body reverberation effects, etc.)
Proposal 6
· Consider two types of antenna element radiation patterns:
· Type A – Reference radiation patterns
· Type B – Coupled radiation patterns
· Further study how to model coupled antenna radiation models including the following aspects: 
· Amplitude/phase characteristics in azimuth and zenith angles
· Parameters and procedure for antenna array modeling

Antenna Array Configuration
In this section, we provide our view on UE-Type RSU, pedestrian and vehicle UEs antenna configurations.
At the previous meeting Pedestrian UE antenna configuration was agreed only for high frequency band. The typical assumption for the UE in TR 38.802 for low frequency is to use dual polarized single panel antenna array. 
Proposal 7
· For P-UE in low frequency band consider dual polarized single panel antenna array (1, 2, 2, 1, 1)

Table 4. UE-Type RSU antenna array configuration parameters
	
	Low band (2-6 GHz)
	High band (30-63 GHz)

	TXRU mapping
	Up to proponents decision
	Up to proponents decision

	Number of antenna elements across all panels
	Up to 8 Tx /Rx antenna elements 
	Up to 32 Tx /Rx antenna elements

	Antenna array configuration
(M, N, P, Mg, Ng)
	Along the roads:
(1, 4, 2, 1, 1)
Omni antenna elements

Intersection:
(1, 2, 2, 2, 1)
Panel bearing angle:
Ω1,0=Ω0,0+90°;
Omni antenna elements

	Along the roads:
(2, 4, 2, 1, 2)
Panel bearing angle:
Ω0,1=Ω0,0+180
Directional antenna elements

Intersection:
(1, 4, 2, 4, 1)
Panel bearing angle:
Ω1,0=Ω0,0+90°; Ω2,0=Ω0,0+180°;Ω3,0=Ω0,0+270°;
Directional antenna elements

	Antenna array spacing (dH,dV,dH,g,dV,g)
	(dH, dV) = (0.5, 0.8)λ
TR 38.802, Section A.2.1, Dense Urban micro cell TRP configuration
	(dH, dV) = (0.5, 0.5)λ

	Antenna tilt, deg
	96
	96



Table 5. Vehicle UEs antenna array configuration parameters
	
	Vehicle UE

	
	Low band 
(2-6 GHz)
	High band 
(30-63 GHz)

	TXRU mapping
	Up to proponents decision
	Up to proponents decision

	Number of antenna elements across all panels
	Up to 8 Tx /Rx antenna elements 
	Up to 256 Tx /Rx antenna elements

	Antenna array configuration
(M, N, P, Mg, Ng)
	Vehicle Type 1 and Type 3:
Front and rear antennas:
(1, 2, 2, 1, 1)

Vehicle Type 2:
Rooftop antenna:
(1, 2, 2, 1, 1)

	Vehicle Type 1:
Two single panel antenna arrays:
(4, 8, 2, 1, 1)
Front antenna array bearing angle: ΩFront = 0°
Rear antenna array bearing angle: ΩRear = 180°

Vehicle Type 2:
Multi-panel:
(2, 8, 2, 1, 4)
Panel bearing angle:
Ω0,1=Ω0,0+90°; Ω0,2=Ω0,0+180°; Ω0,3=Ω0,0+270°;

Vehicle Type 3:
 (2, 8, 2, 1, 2)
Front antenna array panels bearing angle:
Ω0,0 = 45°; Ω0,1=315°
Rear antenna array panels bearing angle: 
Ω0,0 = 135°; Ω0,1= 225°

	Antenna array spacing (dH,dV,dH,g,dV,g)
	(dH, dV) = (0.5, 0.5)λ
	(dH, dV) = (0.5, 0.5)λ

	Antenna tilt, deg
	90
	90


eV2X Channel Models for System Level Analysis
In this section, we provide views on channel models for eV2X system level evaluations. We consider channel models for different deployments scenarios, various frequency ranges and radio link types as described in table below:
	Deployment Scenario
	Frequency Range
	Cellular Uu Link Types
	Sidelink PC5 Link Types

	Urban
+
Freeway
	Low band
2-4 GHz (Uu links)
6 GHz (PC5 links)
High band
30 GHz (Uu links)
60 GHz (PC5 links)
	gNB – RSU (B2R)
gNB – V-UE (B2V)
gNB – P-UE (B2P)
	Intra-V-UE(Intra-V2V)
V-UE – V-UE (V2V)
P-UE – P-UE (P2P)
V-UE – P-UE (V2P)
V-UE – RSU (V2R)
P-UE – RSU (P2R)
RSU – RSU (R2R)


As we discussed in Section 2.2.1, Vehicle Type 1 and Type 3 may be equipped with distributed antenna system. In this case, we may not preclude any antenna usage scenario and, therefore, should also specify parameters for intra-vehicle channel model (coupling between different antennas).
Large Scale Channel Modeling
Propagation Types (LOS/NLOSv/NLOS)
V2V Links (Communication b/w vehicles, pedestrians)
In RAN1#92Bis meeting it was agreed, that
	At least for above 6 GHz sidelink channel is modelled according to the following three states:
· LOS
· NLOS: LOS path blocked by buildings
· NLOSv: LOS path blocked by vehicles


Below we discuss the remaining details of the propagation types modeling.
NLOSv  state modeling for carrier frequencies below 6GHz
Considering the agreement to model the truck vehicles in both Highway and Urban scenarios as well as passenger car bumper-level antenna installation, significant vehicle attenuation is also expected for carrier frequencies below 6GHz. Therefore, we propose to consider the three states LOS/NLOS/NLOSv also for below 6GHz carrier frequency V2V channel modeling.
Proposal 8
· For below 6 GHz carrier frequency, sidelink channel is modeled considering LOS/NLOS/NLOSv states
NLOSv state determination
It is still the open question how to determine propagation type. In [14] it is proposed to use probability equations to determine propagation type depending on distance between TX and RX. The alternative way is to apply geometry approach and classify propagation types depending on objects obstructing communication link between TX and RX:
· LOS: The link is not obstructed by any vehicle or building.
· NLOSv: The link is obstructed by arbitrary number of vehicles.
· NLOS: The link is blocked by arbitrary number of buildings.
In Figure 2, we provide comparison for Freeway and Urban deployments of LOS/NLOSv/NLOS statistics with results presented in [14]. For analysis, parameters of Freeway and Urban deployment scenarios were aligned in terms of vehicle density and speed.
	 
	 


[bookmark: _Ref505357846]Figure 2. LOS/NLOSv/NLOS Propagation probabilities comparison
It could be seen that good matching is achieved in Freeway scenario for LOS. For NLOSv, there is a similar trend in Freeway scenario although absolute values are different due to significant number of the observed NLOS links that are not assumed for Freeway scenario. In Urban scenario statistics, for all propagation types similar matching is observed. While LOS statistics are rather close, NLOSv and NLOS statistics are a bit different due to simplified geometry of the Manhattan grid deployment. However, overall trends and curves behavior remain the same (e.g. 50-70m distance that corresponds to the NLOSv maximum value).
	
	


Figure 3. Typical deployments LOS/NLOSv/NLOS propagation probabilities

Proposal 9
· Derive propagation type for each link based on actual deployment geometry
NLOSv Propagation Type Categorization
Depending on antenna placement and type of intermediate vehicle(s), the TX-RX signal propagation may experience quite different attenuation. For example, when intermediate passenger car travels between passenger cars equipped with antennas placed above rooftop, the signal attenuation from intermediate car is not as severe. The much larger attenuation is expected if intermediate passenger car is replaced with truck.
Therefore, we propose to specify the following two NLOSv models:
· NLOSv Model 1: This model is applied if TX and RX antennas have the same height and there is no intermediate vehicle with higher height that blocks propagation path.
· NLOSv Model 2: This NLOSv model corresponds to the strong signal obstruction and is applied in all other cases if direct propagation path is blocked by intermediate vehicle.
The propagation types assignment for different communicating nodes is summarized in Figure 4.
	
a)
	
b)

	

c)


[bookmark: _Ref513382261]Figure 4. Propagation type assignment for communication links
a) with intermediate passenger car; b) with intermediate truck c) without intermediate vehicles
V2R Links (Communication with RSU)
For RSU deployment assumptions described in [6], the RSUs are deployed along the roads at 5m height above the vehicles at the road. Therefore, we propose to assume only LOS propagation type for V2R communication links in Freeway scenario and LOS/NLOS propagation types for the cases where vehicle and RSU are on the same or different streets in Urban scenario accordingly. The proposal is also valid for pedestrian to RSU links.
Proposal 10
· Use only LOS propagation type for V2R and R2R links in Freeway scenario
· Use LOS/NLOS propagation types for V2R, P2R and R2R links in Urban scenario
· Derive propagation type for each link based on deployment geometry
Pathloss Models
In this section, we provide our view on pathloss models used for eV2X evaluation for different types of radio links. 
V2B/P2B/B2R Pathloss

At the RAN1#92Bis meeting, pathloss equations for V2B/P2B/V2R links were agreed except the Highway LOS 30GHz carrier frequency pathloss. In RAN1#92Bis contribution [6], we proposed to use NR RMa LOS pathloss from [3GPP-NR-CH[2]] for this case. To analyze applicability of NR RMa LOS pathloss, we compare it with alternative empirical pathloss model () from [13]. Comparison of candidate pathlosses for 4GHz and 30 GHz carrier frequencies is provided in Figure 5.

[bookmark: _Ref513285029]Figure 5. Highway V2B/P2B/B2R Pathloss Candidates
It could be seen, that similar pathloss values are observed for the both pathloss candidates for both frequencies with up to 3.5 dB difference at 500m distance. Since the 3GPP NR RMa LOS pathloss is already adopted as Highway LOS pathloss for carrier frequencies below 6GHz, we propose to use the same pathloss equation also for above 30 GHz carrier frequency for consistency.
Proposal 11
· For V2B/P2B/B2R Highway LOS pathloss model above 6GHz, adopt 3GPP TR 38.901 RMa LOS pathloss.
At the RAN1#92Bis meeting, vehicle antenna height equal to the 0.75m was agreed for the Vehicle Type 1. However, agreed pathloss equations for V2B links use effective UT antenna height which is calculated as follows: h’UT=hUT-hE, where hE  = 1m – effective environment height. Therefore 0.75m vehicle antenna height results in negative effective antenna height and negative break point distance value. To resolve this problem we propose to set hE to 0.25m for V2B pathloss calculations for Vehicle Type 1 UEs.
Proposal 12
· For Vehicle Type 1 UEs, for V2B Pathloss calculations hE is set to 0.25m
V2V/P2V/P2P/V2R Pathlosses
In this section, we provide summary of our proposals on pathloss models for eV2X evaluation for different types of radio links. Summary of the models with corresponding references is given in Table 6 and Figure 6. The exact pathloss equations are provided in Annex A. Comparing to the submission at the last meeting, we have changed pathloss model for Urban grid NLOS V2V links in order to alleviate concern on very high attenuation caused by building. We proposed the model based on experimental measurements described in [15]. Other proposals are the same.
[bookmark: _Ref506389944]Table 6. Summary of pathloss models applicable to Freeway and Urban scenarios.
	
	Low band (2-6 GHz)
	High band (30-63 GHz)

	
	LOS
	NLOSv
	NLOS
	LOS
	NLOSv
	NLOS

	V2V
	Freespace pathloss + two-ray propagation model
	LOS Pathloss with Blockage Loss
	VirtualSource11p [15]
	Freespace pathloss + two-ray propagation model
	LOS Pathloss with Blockage Loss
	Extended ITU-R M.2135 [24][25] UMi NLOS pathloss for Manhattan Grid Layout 

Breakpoint distance is calculated without scaling 

	V2P
	Same as V2V model

	P2P
	Same as V2V model

	V2R
	TR 36.885 [1] Vehicle-to-RSU LOS (WINNER+ UMi(B1) LOS)

Tx/Rx antenna height 0.75m,1.6m,3m/
5m
	N/A
	TR 36.885 [1] Vehicle-to-RSU (WINNER+ UMi(B1) NLOS)
	TR 38.901 [2] UMi LOS

Tx/Rx antenna height 0.75m,1.6m,3m/
5m
	N/A
	Extended ITU-R M.2135 [24][25] UMi NLOS pathloss for Manhattan Grid Layout with LOS pathloss from TR 38.901 UMi LOS

Tx/Rx antenna height 0.75m,1.6m,3m/
5m

Breakpoint distance is calculated according to the TR 38.901 UMi LOS methodology

	R2R
	Reuse TR 36.885 for I2I. NLOSv is not modeled
	Same as V2R. NLOSv is not modeled
Tx/Rx antenna height 5m



	Low band (2-6 GHz)
	High band (30-63 GHz)

	 
	

	 
	


[bookmark: _Ref510776656]Figure 6. V2X pathloss candidates for Freeway and Urban scenarios
Proposal 13
· For eV2X system level studies in various scenarios, apply pathloss models as described in Table 6 and Annex A
Large Scale Channel Parameters (DS/AOA/AOD/K-Factor)
V2V Links
Fast Fading Statistics
Several measurement campaigns were carried out to analyze the fast fading statistics. In [20], authors analyze applicability of different distributions including Rayleigh, Nakagami-m, Weibull, Rice and α-µ to describe fast fading channel statistics in Highway and Urban environments. In [19], authors observe, that in Urban environment in case of LOS signal propagation Rician distribution perfectly fits measured fast fading statistics. To characterize propagation of the signal blocked by intermediate vehicle authors of the [16] paper propose to use Rician distribution assuming, that the waves still propagate by diffraction over the roof-top of the obstructing vehicle. Studying the signal propagation through the single large intermediate vehicle (school bus particularly) in [18], authors observe, that Weibull distribution has better fit than Rician distribution for such particular propagation case. At the same time, Rayleigh distribution does not match fast fading measurements at all since there are only a few strong (diffracted
or reflected) components were observed and thus, assumptions leading to a Rayleigh distribution are not well fulfilled. Therefore, we have the following proposal:
Proposal 14
· For LOS and NLOSv Model 1 use fast fading channel with Rician K-Factor component.
· For NLOSv Model 2 use fast fading channel without Rician K-Factor component. 

K-Factor Distribution
LOS Propagation Type
In [20], in both Highway and Urban scenarios, strong multi-path components were observed. In Highway environment, the measured mean k-factor value exceeds 10 dB. In [16] K-factor estimations for several scenarios have been presented. For instance, in “Merging lanes - Rural” scenario, the K-factor value with mean value µ = 14.2 dB and 4.2 dB standard deviation has been observed. The similar K-factor values around 12dB were observed in [17] for V2V LOS communication in rural environment.
In [19], the following K-Factor distribution parameters are reported for Urban environment passenger car-to-passenger car communication with above rooftop antenna installations: mean µ = 4.53 dB and standard deviation σ = 2.45 dB. In [20], in Urban environment, estimated Rician K-factor mean value varies in 4.21-8.82 dB range depending on the vehicle route. In [30] the following K-factor distribution parameters were obtained for the above rooftop vehicle antenna placement with 1.6m and 2.5m height for Tx and Rx antennas accordingly: mean µ = 10.2 dB and standard deviation σ = 8.4 dB.
NLOSv Propagation Type
In [16] authors study signal propagation in “General LOS obstruction - Highway” scenario. For this particular case the 7.6dB mean K-Factor value has been measured.
Based on provided above literature review, we propose to use K-Factor distribution parameters provided in Table 7.Error! Reference source not found.
[bookmark: _Ref513829312]Table 7. K-Factor distribution parameters for V2V LOS/NLOSv propagation types
	K-Factor Distribution Parameters
	Urban
	Highway

	
	LOS
	NLOSv Model 1
	NLOSv Model 2
	LOS
	NLOSv Model 1
	NLOSv Model 2

	Mean value, dB
	5.26
	2.0
	N/A
	10.9
	7.6
	N/A

	Std value, dB
	3.59
	2.85
	N/A
	5.57
	7.5
	N/A

	Reference
	[20],
(Route#5)
	
	
	[20]
(Route#1)
	[16]
(“General LOS obstruction-Highway” scenario)
	



Angle Spread Parameters
In order to reflect the similar vehicles antenna heights, and for methodology simplification purpose, the AOD/ZOD parameters should be aligned with corresponding AOA/ZOA parameters. The same alignment should be done for clusters ASD/ZSD.
Proposal 15
· Align parameters of AOD/ZOD with corresponding parameters of AOA/ZOA
· The same alignment should be done for clusters ASD/ZSD
· Use K-Factor values for V2V LOS/NLOSv propagation types as defined in Table 7Error! Reference source not found.
Intra-V2V Links
Considering proposed antenna placement options for different vehicle types, we propose to use the following LSP parameters: Vehicle Type 1 – LSPs corresponding to NLOSv Model 2, Vehicle Type 3 – LSPs corresponding to NLOSv Model 1 propagation type.
Proposal 16
· For modeling intra-vehicle links apply the following LSP statistics:
· Vehicle Type 1 – NLOSv Model 2 LSPs
· Vehicle Type 3 – NLOSv Model 1 LSPs
V2R Links
For vehicle-to-RSU communication, we propose to reuse TR 38.901 UMi LOS/NLOS LSPs.
Summary of LSP for V2X Links
This section summarizes proposed modification in LSP modeling for different types of V2X link in different scenarios.
[bookmark: _Ref505943601]Table 8. Summary table of basic LSP parameter sets used for eV2X communication
	
	V2V/V2P/P2P
	V2R/P2R
	R2R

	
	LOS
	NLOSv
	NLOS
	LOS
	NLOS
	LOS
	NLOS

	Freeway
	TR 38.901 UMi LOS

Modifications
Increased 
K-Factor
AOA=AOD
ZOA=ZOD
	TR 38.901 UMi LOS

Modifications
Decreased 
K-Factor
AOA=AOD
ZOA=ZOD
	N/A
	TR 38.901 UMi LOS
	N/A
	TR 38.901 UMi LOS

Modifications
AOA=AOD
ZOA=ZOD


	N/A

	Urban
	TR 38.901 UMi LOS


Modifications
Decreased 
K-Factor
AOA=AOD
ZOA=ZOD


	TR 38.901 UMi LOS


Modifications
Decreased
K-Factor
AOA=AOD
ZOA=ZOD
	TR 38.901 UMi NLOS


Modifications
AOA=AOD
ZOA=ZOD


	TR 38.901 UMi LOS
	TR 38.901 UMi NLOS
	TR 38.901 UMi LOS


Modifications
AOA=AOD
ZOA=ZOD


	TR 38.901 UMi NLOS


Modifications
AOA=AOD
ZOA=ZOD




It should be noted that large scale channel parameters, corresponding to UMi LOS/NLOS are close to those observed in field measurements campaigns [RESCUE[30]] for realistic V2V deployment scenarios. Therefore we find appropriate to keep those for eV2X evaluations.
Proposal 17
· Use LSP from Table 8 for eV2X system level channel modeling.
Small Scale Channel Modeling
In LTE V2V evaluations, the small scale channel model used in [3GPP-LTE-V2X[1]] is two dimensional, i.e. defines only azimuth arrival and departure angles without considering zenith (or elevation) dimension. This approach may lead to incorrect performance evaluation of potential MIMO techniques that can be employed for eV2X communication in both low (about 6GHz) and high (30-63 GHz) frequency band. Therefore, we propose to reuse small scale channel modeling framework from TR 38.901 [3GPP-NR-CH[2]] which provides 3D small scale channel model statistics.
Proposal 18
· Apply small scale channel modeling framework from TR 38.901 for eV2X small scale channel modeling in both low and high frequency bands.
LOS and Reflection from Ground
As is it was observed in measurement campaigns [26]-[29], the two-ray propagation is typical for vehicle-to-vehicle communication if there is no obstruction by any intermediate vehicle. Deep fading specific to the two-ray propagation may have significant impact on V2V communication performance and system design [28]. In order to analyze this effect, we propose to use explicit ground reflection modeling as it is specified in [3GPP-NR-CH[2]]. For calculation of the reflected ray amplitude and phase, the relative permittivity of the reflection surface material is needed. For asphalt, we propose to use the following complex relative permittivity values from Table 9:
[bookmark: _Ref506454243]Table 9. Permittivity properties
	Applicable Frequency
	Complex Relative Permittivity
	Model Parameters

	1-10 GHz, [METIS[31]]
	
, where


, ,
fc – Frequency in Hz
	Relative Permittivity Parameters:
aε= 6; bε= 0;
Conductivity [S/m] Parameters:
cσ = 0.075; dσ = 0;

	63 GHz, [26]
	

	


Proposal 19
· For LOS V2V links, take into account reflection from the ground for small scale channel models using permittivity characteristics from Table 9.
Blockage Modeling
Blockage modeling is still one of the main opens for eV2X evaluations given that it adds significant complexity to V2X channel modeling. Considering the different types of modeled vehicles, as well as different vehicle antenna placement options which includes bumper-level antenna installation, the noticeable blockage impact is expected.
Screen-based blockage modeling approach
According to the [3GPP-NR-CH[2]], [METIS[31]], vehicles can be replaced with an attenuation screen of certain dimensions and orientation in space. The screen placed on the plane passing through the vehicle center and orthogonal to the horizontal projection of the LOS propagation path as it is shown in Figure 7 can be used. The height of the screen can be equal to the vehicle height. The width of the screen can be determined as the width of the vehicle projection onto projection plane (see Figure 7).


[bookmark: _Ref505161086]Figure 7. Screen orientation and dimensions for blockage modeling
The specified above blockage modeling approach may be used for any antenna placement option. In case of distributed antenna system modeling, blockage for each pair of Tx/Rx antenna arrays is calculated separately.
Vehicle attenuation for LOS component observed in typical LTE Rel-14 Freeway deployment with rooftop antenna placement in 6 GHz and 63 GHz carrier frequency cases is shown in Figure 8.
	
	


[bookmark: _Ref505162019]Figure 8. Blockage effect in LTE Rel-14 Freeway Scenario with 70 km/h vehicle speed.
It can be seen that for 63 GHz carrier frequency, even the single vehicle blockage may lead to deep attenuation up to 5 dB in case of near rooftop antenna placement. The increased attenuation up to 20 dB in case of bumper/near headlights antenna placement can be observed. For 6 GHz carrier frequency, the observed attenuation is much smaller comparing with 63 GHz carrier frequency.
Based on analysis above, we think that further discussion and analysis is needed on blockage modeling approach for eV2X evaluations. We have the following proposals with respect to blockage modeling. Considering that trucks were agreed for evaluations, it may be more accurate to consider blockage modeling for low band frequencies. Therefore we adjust our previous proposal as below:
Proposal 20
· Blockage effect is modeled for low frequency band
· Procedure to determine attenuation screen as described in Figure 7 is applied independently of selected blockage modelling approach.
To simplify calculation of the blockage value for the links with obstructed signal propagation, we analyzed methodology, described in [3GPP-NR-CH[2]] which assumes explicit attenuation value calculation for the limited number of blockers located near transmitter and/or receiver nodes. For other blockers, simplified attenuation value calculation procedure may be applied.
Based on the analysis of blockage statistics collected in Freeway deployment scenario with 70 km/h vehicle speed, we propose to use the following simplified blockage calculation methodology:
· For blocker located in 150m range from Tx or Rx node, calculate blocker attenuation value following the [3GPP-NR-CH[2]] methodology
· Blockers outside of 150m range from Tx or Rx node are not taken into account.
Proposal 21
· Consider the following simplified approach for calculation of the blockage attenuation values to reduce computational complexity of explicit blockage modeling
· For blocker located in 150m range from Tx or Rx node, calculate blocker attenuation value following the TR 38.901 methodology
· Blockers outside of 150m range from Tx or Rx node are not taken into account.
Oxygen Loss
Oxygen loss needs to be taken into account for carrier frequencies in 60GHz range. The approach proposed in [3GPP-NR-CH[2]] defines oxygen loss per cluster of small scale channel model including corrections dependent on cluster delays. In our view, this approach can be simplified. For simplicity, oxygen attenuation can be considered as a pathloss component.
Proposal 22
· Oxygen loss is applied as a part of pathloss equation (i.e. OL(fc) = α(fc)/1000d3D).
Large Bandwidth and Large Antenna Array
[bookmark: _Toc493104207]With large antenna arrays or large system bandwidths used for eV2X evaluation, the angle and delay resolution can be larger than what the fast fading model in the [3GPP-NR-CH[2]] is designed to support. In order to consider these effects more accurately, the modelling of intra-cluster angular and delay spreads should be used as described in Section 7.6.2 of the [3GPP-NR-CH[2]].
Frequency Consistency
[bookmark: _Toc493104216]Evaluation methodology for eV2X use cases defines operation in low and high frequency bands. If evaluation across multiple bands rely on channel physical properties in another band, it is desirable to have correlated channel properties across carrier frequencies. In this case, the approach described in Section 7.6.5 of the [3GPP-NR-CH[2]] can be used.
Mobility Handling
Cellular Links Mobility
For modeling of mobility with spatial consistency on cellular links, the Procedure B described in Section 7.6.3.2 of the [3GPP-NR-CH[2]] can be re-used.
Sidelink Mobility
Cross-link spatial correlation
According to analysis in [21], it was shown that for LOS and NLOSv links effects of cross-correlation for shadow fading can be neglected. Additionally, small decorrelation distance was observed for channel LSP in Urban scenario [30]. Therefore we propose to apply uncorrelated modeling of LSPs for different sidelinks.
Autocorrelation and Large Scale Channel Parameters Update 
The LSPs such as propagation type, blockage attenuation value are dependent on deployment geometry, therefore their value should be updated for each coordinate update every 100ms. Further discuss if lower update rate can be applied for LSPs such as K-Factor, AoD/AoA, DS (e.g. 500ms).
The update of pathloss and shadow fading value can follow LTE-V2V evaluation methodology.
In case of the propagation type update, all channel parameters are independently regenerated according to the new propagation type.
eV2X Channel Models for Link Level Analysis
For link level evaluations, CDL channel models corresponding to the system level models can be used. The modifications such as dual-mobility, AoA/AoD alignment should be applied for link level evaluations. In addition, RAN1 needs to discuss which CDL model should be taken for LOS and NLOS analysis including scaling factors for DS and AS [3GPP-NR-CH[2]].
Conclusions
In this contribution, we provided our views on channel models for eV2X evaluations in low and high frequency bands for all possible link types. Our proposals are based on existing LTE-V2V and NR channel models as well as published measurement results. In summary, we suggest to discuss proposed modifications to define eV2X channel modeling framework.
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Appendix A – Pathloss Models
A.1 Vehicle-to-Vehicle Pathloss Models
In this subsection, we provide proposed pathloss models for Vehicle-to-Vehicle links (see Table 10). The same models are also applicable to Vehicle-to-Pedestrian and Pedestrian-to-Pedestrian links if they exist.
[bookmark: _Ref506385482]Table 10. Vehicle-to-vehicle pathloss models
	Type
	fc, GHz
	Pathloss [dB], fc is in GHz and d is in meters
	Shadow fading std [dB]
	Antenna height (default)

	LOS
	
	PL is a Free-Space Loss pathloss:


	

	

	NLOSv
	
	PL is a LOS pathloss plus blockers attenuation BL
PL = PLLOS  + BL

	

	hUT=0.75m
hUT=1.6m
hUT=3m

	NLOS
	Low band (4-6 GHz)
	PL is based on a VirtualSource11p pathloss [15]:

,
where: 
dt – Distance from transmitter to intersection center, [m]
dr – Distance from receiver to intersection center, [m]
db = 180 m – Break even distance, [m]
xt = 10 m – Distance from transmitter to wall, [m]
wr = 20 m – Street width where receiver located, [m]
λ = c/fc – wavelength, [m]

	

	

	
	High band (30-63 GHz)
	PL is an Extended ITU-R M.2135 UMi Manhattan Grid Layout [24][25] NLOS pathloss:



PLLOS is calculate as follows:


Calculate break point distance d'BP is defined as described in Note 2
	
	

	Note 1: 	h’BS and h’UT are the effective antenna heights at the BS and the UT, respectively. The effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – 1, h'UT = hUT – 1, where hBS and hUT are the actual antenna heights.
Note 2: 	Breakpoint distance d'BP = 4 h'BS h'UT fc/c, where fc is the centre frequency in Hz, c = 3.0108 m/s is the propagation velocity in free space, and h'BS and h'UT are the effective antenna heights at the BS and the UT, respectively



A.2 Vehicle-to-RSU Pathloss Models
In this subsection, we provide proposed pathloss models for Vehicle-to-RSU links (see Table 11) also applicable to Pedestrian-to-RSU links.
[bookmark: _Ref506493358][bookmark: _Ref506493354]Table 11. Vehicle-to-RSU pathloss models
	Type
	fc, GHz
	Pathloss [dB], fc is in GHz and d is in meters
	Shadow fading std [dB]
	Antenna height (default) 

	LOS
	Low band (2-6 GHz)
	PL is a TR 36.885 V2R LOS (WINNER+ UMi(B1) [32] LOS) pathloss with h’BS = h’RSU:


Effective antenna height h’UT  and h’RSU are calculated as described in Note 1
Break point distance d'BP is defined as described in Note 2
	

	hUT=0.75m
hUT=1.6m
hUT=3m
hRSU=5m

	
	High band (30-63Hz)
	PL is a 3GPP TR 38.901 UMi Street Canyon [2] LOS pathloss with h’BS = h’RSU:



Break point distance d'BP is defined as described in Note 2

	
	

	NLOS
	Low band (2-6 GHz)
	PL is a TR 36.885 V2R NLOS (WINNER+ UMi(B1) Manhattan Layout NLOS) pathloss:



PLLOS is a V2R LOS pathloss

	

	

	
	High band (30-63Hz)
	PL is an Extended ITU-R M.2135 UMi Manhattan Grid Layout NLOS [24][25] pathloss:



PLLOS is a V2R LOS pathloss

	
	

	Note 1: 	h’RSU and h’UT are the effective antenna heights at the RSU and the UT, respectively. The effective antenna heights h'RSU and h'UT are computed as follows: h'RSU = hRSU – 1, h'UT = hUT – 1, where hRSU and hUT are the actual antenna heights. 
Note 2: 	Breakpoint distance d'BP = 4 h'RSU h'UT fc/c, where fc is the centre frequency in Hz, c = 3.0108 m/s is the propagation velocity in free space, and h'RSU and h'UT are the effective antenna heights at the RSU and the UT, respectively




A.3 Vehicle-to-gNB Pathloss Models
In this subsection, we provide proposed pathloss models for gNB-to-Vehicle (see Table 12). These models are also applicable to gNB-to-Pedestrian and gNB-to-RSU links considering appropriate antenna height usage.
[bookmark: _Ref506385383]Table 12. Freeway gNB-to-Vehicle and gNB-to-RSU pathloss models
	Scenario
	Type
	Pathloss [dB], fc is in GHz and d is in meters
	Shadow 
fading 
std [dB]
	Antenna height 
(default)

	Freeway
	LOS
	PL is a 3GPP TR 38.901 [2] RMa LOS pathloss:



Break point distance dBP is defined as described in Note 1

	



	hUT=1.6m
hUT=3m
hBS=35m
hRSU=5m

Avg. building height:
h=5m

	Note 1:	Break point distance dBP = 2π hBS hUT fc/c, where fc is the centre frequency in Hz, c = 3.0  108 m/s is the propagation velocity in free space, and hBS and hUT are the antenna heights at the BS and the UT, respectively.



Appendix B – Antenna Pattern Models
In this section we provide antenna array element pattern parameters used for gNB and UE antenna modeling according to the 3GPP TR 36.873 and 3GPP TR 38.802 documents.
[bookmark: _Ref506560137]Table 13. gNB antenna radiation pattern (TR 38.873 Table 7.1-1, TR 38.802 Table A.2.1-6)
	Parameter
	Value

	Antenna element gain vertical pattern
	


	Antenna element gain horizontal pattern
	


	Pattern combining method for 3D
	


	Max direct. gain of the antenna element
	8 dBi



[bookmark: _Ref506551750]Table 14. UE antenna radiation pattern (TR 38.802 Table A.2.1-6)
	Parameter
	Value

	Antenna element gain vertical pattern
	


	Antenna element gain horizontal pattern
	

	Pattern combining method for 3D 
	

	Max direct. gain of the antenna element
	5 dBi
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