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1 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.
2 Antenna Considerations
2.1 gNB/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.
2.1.1 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

2.1.2 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. The details of the antenna element pattern are listed in Annex B Table 13.

In case of gNB-Type RSU deployed at intersection, omni-antenna element patterns can be used in horizontal pattern, while vertical pattern can be reused. 

2.1.3 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). gNB-Type RSU antenna array configuration is also provided in Table 1.
Table 1. gNB/ gNB-Type RSU antenna array configuration parameters

	
	gNB
	gNB-Type RSU

	
	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)
	(4, 1, 2, 1, 1) 
	(4, 4, 2, 1, 1)

(Same as the configuration for Indoor TRP with lowest number of antennas in TR 38.802, Section A.2.1)

	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)


2.2 UE/RSU Antenna Characteristics

2.2.1 Antenna Placement

Antenna placement in vehicle is another open question. In general, multiple options exist for antenna placement in vehicle including near rooftop, bumper level or side mirror levels. In our view near rooftop placement of antenna can be considered as the most typical one. Near rooftop placement enables good/favorable radio-propagation condition and is less sensitive to inter-vehicle blockage effect. Other options such as bumper level or side mirror level can be also optionally considered. In this case, additional self-attenuation in-vehicle loss should be added ~20dB (see [6], Section 4.1.1.4.6).
Proposal 2
· Near rooftop antenna placement is considered as a baseline for eV2X evaluations
Another open question is whether both collocated and distributed antenna systems should be analyzed. In general case, both types of antenna systems are of interest for analysis. Distributed antennas require more discussion on channel modeling related aspects, although for rooftop antenna placement it may be easier to converge on channel model modifications. Therefore, we propose to consider collocated antenna system placed at rooftop as a baseline antenna configuration assumption for vehicles.
Proposal 3
· Collocated antennas are considered as a baseline for eV2X evaluations 

· Distributed antenna systems are considered/enabled from system design perspective 

2.2.2 Antenna Element Pattern
In this section we propose antennal element patterns for UE-Type RSU and vehicle UEs in Table 2 and Table 3 respectively.

Table 2. UE-Type RSU antenna element radiation pattern parameters

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

	Antenna element gain vertical pattern
	Half spherically uniform distribution with bottom direction or
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	According to the UE antenna radiation pattern parameters specified in Table 14

	Antenna element gain horizontal pattern
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	Pattern combining method for 3D 
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	Max direct. gain of the antenna element
	3 dBi
	5 dBi


Table 3. Pedestrian and Vehicle UEs antenna element radiation pattern parameters

	
	Pedestrian UE
	Vehicle UE

	
	Low band 

(6 GHz)
	High band 

(63 GHz)
	Low band 

(6 GHz)
	High band 

(63 GHz)

	Antenna element gain vertical pattern
	Omni-directional
	According to the UE antenna radiation pattern parameters specified in Table 14
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	According to the UE antenna radiation pattern parameters specified in Table 14

	Antenna element gain horizontal pattern
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	Pattern combining method for 3D 
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	Max direct. gain of the antenna element
	0 dBi
	5 dBi
	3 dBi
	5 dBi


2.2.3 Antenna Array Configuration

In this section we provide our view on UE-Type RSU, pedestrian and vehicle UEs antenna configurations.
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)
	(4, 1, 2, 1, 1)
	(4, 4, 2, 1, 1) 

Same as the configuration for Indoor TRP with lowest number of antennas in TR 38.802, Section A.2.1

	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
	Freeway:100

Urban: 106
	Freeway:100

Urban: 106


Table 5. Pedestrian and Vehicle UEs antenna array configuration parameters

	
	Pedestrian UE
	Vehicle UE

	
	Low band 

(2-6 GHz)
	High band 

(30-63 GHz)
	Low band 

(2-6 GHz)
	High band 

(30-63 GHz)

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

	Number of antenna elements across all panels
	Up to 2 Tx /Rx antenna elements 
	Up to 32 Tx /Rx antenna elements
	Up to 4 Tx /Rx antenna elements 
	Up to 256 Tx /Rx antenna elements

	Antenna array configuration
(M, N, P, Mg, Ng)
	(1, 1, 2, 1, 1)

TR 38.802, Table A.1.6-1
	(2, 4, 2, 1, 2)

Panel bearing angle: Ω0,1=Ω0,0+180°
TR 38.802, Table A.1.6-2
	(1, 2, 2, 1, 1)
	Collocated 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°;

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

TR 38.802, Table A.1.6-1
	(dH, dV) = (0.5, 0.5)λ; (dH,g, dV,g) = (0, 0)λ

TR 38.802, Table A.1.6-2
	(dH, dV) = (0.5, 0.5)λ
	(dH, dV) = (0.5, 0.5)λ

	Antenna tilt, deg
	0
	90
	0 (Upper direction)
	90


3 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)
	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)


3.1 Large Scale Channel Modeling

3.1.1 Propagation Types (LOS/OLOS/NLOS)

3.1.1.1 V2V Links (Communication b/w vehicles, pedestrians)
In LTE-V2V scenarios, two types of signal propagations are used: LOS and NLOS. The LOS propagation type describes the signal propagation in Freeway scenario (i.e. no obstruction from buildings). The NLOS propagation type is additionally introduced in Urban scenario and applied, if the line of sight between transmitter and receiver is obstructed by building. 
As it was shown in multiple papers [7]-[11], for V2V communication scenarios additional propagation type can be introduced to reflect signal obstruction by intermediate vehicles. This type of propagation is known as obstructed LOS (OLOS) [9] or NLOS due to vehicle blockage (NLOSv) [7]. The open question is how to derive propagation type. In [7] 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.
· Obstructed-LOS (OLOS). The link is obstructed by arbitrary number of vehicles.

· NLOS: The link is blocked by arbitrary number of buildings.

In Figure 1, we provide comparison for Freeway and Urban deployments of LOS/OLOS/NLOS statistics with results presented in [7]. For analysis, parameters of Freeway and Urban deployment scenarios were aligned in terms of vehicle density and speed.
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Figure 1. LOS/OLOS/NLOS Propagation probabilities comparison

It could be seen that good matching is achieved in Freeway scenario for LOS. For OLOS, 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, OLOS 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 OLOS maximum value).
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Figure 2. Typical deployments LOS/OLOS/NLOS propagation probabilities

Proposal 4
· Define three propagation types for V2V and V2P and P2P links: LOS, OLOS and NLOS

· Derive propagation type for each link based on deployment geometry

3.1.1.2 V2R Links (Communication with RSU)
For RSU deployment assumptions described in [5], 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 5
· 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

3.1.1.3 V2B Links (Communication with gNB)
Assuming high altitude of the gNB antenna placement, we propose to consider LOS propagation type for vehicle to gNB link in Freeway scenario. In Urban scenario, we propose to model both LOS and NLOS propagation types using probabilistic approach. In order to maintain spatial consistency in LOS/NLOS propagation types for the links to nearby UEs, we propose to use methodology from Subclause 7.6.3.3 of the 3GPP TR 38.901.
Proposal 6
· Use LOS propagation type for V2B and B2R links in Freeway scenario

· Use LOS/NLOS propagation types for V2B, P2B and B2R links in Urban scenario and maintain spatial consistency following procedure in Subclause 7.6.3.3 of the 3GPP TR 38.901

· Derive propagation type based on probability formula

3.1.2 Pathloss Models
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. The exact pathloss equations are provided in Annex A.

Table 6. Summary of pathloss models applicable to Freeway and Urban scenarios.

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

	
	LOS
	OLOS
	NLOS
	LOS
	OLOS
	NLOS

	V2V
	Freespace pathloss + two-ray propagation model
	TR 36.885 [1]
V2V LOS

(WINNER+ UMi(B1) LOS with 

Tx/Rx antenna height 1.5m)


	TR 36.885 [1]
V2V NLOS (WINNER+ UMi(B1) NLOS for Manhattan Grid)
	Freespace pathloss + two-ray propagation model
	TR 38.901 [2]
UMi LOS

Tx/Rx antenna height 1.5m

Additional blockage attenuation is added
	Extended ITU-R M.2135 [12]

 REF _Ref506417017 \r \h 
[13] UMi NLOS pathloss for Manhattan Grid Layout with LOS pathloss component from TR 38.901 UMi LOS

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

	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 1.5m/5m
	N/A
	TR 36.885 [1] Vehicle-to-RSU (WINNER+ UMi(B1) NLOS)
	TR 38.901 [2] UMi LOS

Tx/Rx antenna height 1.5m/5m


	N/A
	Extended ITU-R M.2135 [12]

 REF _Ref506417017 \r \h 
[13] UMi NLOS pathloss for Manhattan Grid Layout with LOS pathloss from TR 38.901 UMi LOS

Tx/Rx antenna height 1.5m/5m

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

	R2R
	Reuse TR 36.885 for I2I. OLOS is not modeled
	Same as V2R

Tx/Rx antenna height 5m
	N/A
	Same as V2R

Tx/Rx antenna height 5m

	B2V
B2P
B2R
	Urban:

TR 38.901 [2] UMa LOS

Freeway: 

TR 38.901 [2] RMa LOS
	N/A
	Urban:

TR 38.901 [2] UMa NLOS

Freeway:

N/A
	Urban:

TR 38.901 [2] UMa LOS

Freeway: 

TR 38.901 [2] RMa LOS
	N/A
	Urban:

TR 38.901 [2] UMa NLOS

Freeway:

N/A


Proposal 7
· For eV2X system level studies in various scenarios, apply pathloss models as described in Table 6 and Annex A

3.1.3 Large Scale Channel Parameters (DS/AOA/AOD/K-Factor)

3.1.3.1 V2V Links

Considering the noticeable difference in LOS/OLOS/NLOS signal propagation characteristics, we propose to use separate sets of large scale channel parameters for each propagation type.
Proposal 8
· Use separate sets of large scale channel parameters for LOS/OLOS/NLOS propagation types

Freeway Scenario

In LTE Rel-14 evaluations, the UMi NLOS LSP parameters have been utilized for V2V and V2R links in Freeway scenario. However, LOS nature of signal propagation in Freeway environment has been observed in experimental measurement campaigns [18]. Therefore, we propose to use different sets of LSPs based on 3GPP TR 38.901 UMi LOS LSPs for LOS and OLOS propagation types in Freeway scenario. 
Urban Scenario

For Urban scenario LOS and NLOS propagation types, UMi LOS/NLOS LSP parameters from Table 7.5-6 Part-1 in the TR 38.901 could be reused. 
Additionally, in Urban and Freeway scenarios, for LOS/OLOS propagation type, the LOS LSP with K-factor value as it is specified in Table 7 and based on measurement results in [8] is proposed.
Table 7. K-Factor values for V2V LOS/OLOS propagation types
	
	LOS
	OLOS

	Freeway
	µ = 14 dB; σ = 4 dB 
([8], “On-bridge” scenario)
	µ = 7.6 dB; σ = 7.5 dB 
([8], “General LOS obstruction - highway” scenario)

	Urban
	µ = 9 dB; σ = 5 dB 
(TR 38.901 [2], UMi-Street Canyon LOS)
	µ = 4.4 dB; σ = 6.5 dB 
([8], “Traffic congestion - slow traffic” scenario)


In order to reflect the same antenna heights, the AOD/ZOD parameters should be aligned with corresponding AOA/ZOA parameters. The same alignment should be done for clusters ASD/ZSD.
Proposal 9
· 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/OLOS propagation types as defined in Table 7
3.1.3.2 V2R Links
For vehicle-to-RSU communication, we propose to reuse TR 38.901 UMi LOS/NLOS LSPs.
3.1.3.3 V2B Links
Channel models for gNB to UE were extensively analyzed within the 3GPP and results of the study are captured in the 3GPP TR 38.901. Therefore these channel model parameters can be directly reused for eV2X evaluations (see Table 8).
3.1.3.4 Summary of LSP for V2X Links

This section summarizes proposed modification in LSP modeling for different types of V2X link in different scenarios.
Table 8. Summary table of basic LSP parameter sets used for eV2X communication
	
	V2V/V2P/P2P
	V2R/P2R
	R2R
	B2V/B2P/B2R

	
	LOS
	OLOS
	NLOS
	LOS
	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
	TR 38.901 RMa LOS
	N/A

	Urban
	TR 38.901 UMi LOS

Modifications
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


	TR 38.901 UMa LOS
	TR 38.901 UMa NLOS


It should be noted that large scale channel parameters, corresponding to UMi LOS/NLOS are close to those observed in field measurements campaigns [RESCUE[18]] for realistic V2V deployment scenarios. Therefore we find appropriate to keep those for eV2X evaluations.

Proposal 10
· Use LSP from Table 8 for eV2X system level channel modeling 
3.2 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 11
· Apply small scale channel modeling framework from TR 38.901 for eV2X small scale channel modeling in both low and high frequency bands.
3.2.1 LOS and Reflection from Ground
As is it was observed in measurement campaigns [14]-[17], 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 [16]. 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:

Table 9. Permittivity properties

	Applicable Frequency
	Complex Relative Permittivity
	Model Parameters

	1-10 GHz, [METIS[19]]
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Proposal 12
· For LOS V2V links, take into account reflection from the ground for small scale channel models using permittivity characteristics from Table 9.

3.2.2 Dual Mobility

For V2V links, source (TX), destination (RX) as well as scatterers (vehicles) are moving according to velocity vector. In eV2X evaluations, at least the velocity vector of both transmitter and receiver should be taken into account in fast fading channel modelling. The dual mobility approach was agreed for LTE-V2V analysis and can be reused for eV2X evaluations as well. For eV2X channel models, dual mobility approach needs to be extended to include elevation angles (i.e. from 2D channel to 3D channel).
Proposal 13
· For dual mobility support, follow the principle used in LTE-V2V channel models and extend it to take into account 3D nature of eV2X channel models.

3.2.3 Blockage

Blockage modeling is one of the open issues for eV2X evaluations given that it adds significant complexity to V2X channel modeling. The impact of blockage is more noticeable for high carrier frequencies. Therefore it can be considered for sophisticated analysis or techniques which performance or efficiency may be impacted. Applying blockage modeling for all types of evaluations may not be reasonable and can result in unnecessary complexity.

In TR 38.901, blockage is applied per sub-path. Although sub-path modeling is more realistic, it still has many opens. For instance, vehicles may either block or reflect signal. However, the effect of reflection is not considered and the same number of clusters and sub-paths is assumed independently of vehicle density. The later may lead to somewhat pessimistic or inconsistent results depending on vehicle density.

Instead of sub-path based blockage modeling the simplified options can be considered. For simplification the blockage may be applied per cluster rather than each individual sub-path. Further simplification is to take into account blockage in pathloss, i.e. apply it to all clusters based on obstruction of the LOS between TX and RX.
For blockage modeling, RAN1 needs to discuss parameters of screen based blockage modeling approach defined in [3GPP-NR-CH[2]], [METIS[19]].

Screen-based blockage modeling approach

According to the [3GPP-NR-CH[2]], [METIS[19]], 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 3 can be used. The height of screen can be equal to the vehicle height, i.e. hScr = hVeh = 1.5m. The width of the screen can be determined as the width of the vehicle projection onto projection plane (see Figure 3).
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Figure 3. 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 4.
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Figure 4. 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.
Proposal 14
· For low frequency band, blockage is not modelled.

· For high frequency band, discuss proper blockage modelling approaches and possible simplifications, i.e. whether blockage is applied per subpath, cluster or taken into account in pathloss.

· Procedure to determine attenuation screen as described in Figure 3 is applied independently of selected blockage modelling approach.
3.2.4 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 15
· Oxygen loss is applied as a part of pathloss equation.
3.2.5 Large Bandwidth and Large Antenna Array

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]].
3.2.6 Frequency Consistency

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.
3.3 Mobility Handling
3.3.1 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.
3.3.2 Sidelink Mobility
3.3.2.1 Cross-link spatial correlation

According to analysis in [9], it was shown that for LOS and OLOS links effects of cross-correlation for shadow fading can be neglected. Additionally, small decorrelation distance was observed for channel LSP in Urban scenario [18]. Therefore we propose to apply uncorrelated modeling of LSPs for different sidelinks.
3.3.2.2 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.
4 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.
5 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.
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:
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	OLOS
	Low band (6 GHz)
	PL is a TR 36.885 V2V LOS (WINNER+ UMi(B1) [20] LOS) pathloss with h’BS = h’UT:
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Effective antenna height h’UT  parameter is calculated as described in Note 1

Break point distance d'BP is defined as described in Note 2
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	hUT=1.5m

	
	High band (63 GHz)
	PL is a 3GPP TR 38.901 UMi Street Canyon [2] LOS pathloss with h’BS = h’UT:
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Break point distance d'BP is defined as described in Note 2
	
	

	NLOS
	Low band (6 GHz)
	PL is a TR 36.885 V2V NLOS (WINNER+ UMi(B1) Manhattan Layout NLOS) pathloss:
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PLLOS is a TR 36.885 V2V LOS (WINNER+ UMi(B1) [20] LOS) pathloss 
with h’BS = h’UT
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	High band (63 GHz)
	PL is an Extended ITU-R M.2135 UMi Manhattan Grid Layout [12]

 REF _Ref506417017 \r \h 
 \* MERGEFORMAT [13] NLOS pathloss:
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PLLOS  is a TR 38.901 [2] UMi Street Canyon  LOS pathloss with hBS = hUT
	
	

	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 = 3.0(108 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.

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) [20] LOS) pathloss with h’BS = h’RSU:
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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
	
[image: image27.wmf]SF

3

s

=


	hUT=1.5m

hRSU=5m

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

[image: image29.wmf]112121

112110210

1

min((,),(,))

(,)()17.312.510log()3log()

max(2.80.0024,1.84)

NLOSNLOS

NLOSLOSjjc

j

PLPLddPLdd

PLddPLdnndf

nd

=

=+-×+××+×

=-


PLLOS is a V2R LOS pathloss


	
[image: image30.wmf]4

SF

=

s


	

	
	High band (30-63Hz)
	PL is an Extended ITU-R M.2135 UMi Manhattan Grid Layout NLOS [12]
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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 = 3.0(108 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.
Table 12. 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:
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Break point distance dBP is defined as described in Note 1
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	hBS=35m

hUT=1.5m

hRSU=5m

Avg. building height:

h=5m

	Urban
	LOS
	PL is a 3GPP TR 38.901 [2] UMa LOS pathloss:
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Break point distance d’BP is defined as described in Note 2
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	NLOS
	PL is a 3GPP TR 38.901 [2] UMa NLOS pathloss:
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	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.
Note 2:
Breakpoint distance d'BP = 4 h'BS h'UT fc/c, where fc is the centre frequency in Hz, c = 3.0(108 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. The effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – 1.0, h'UT = hUT – 1.0, where hBS and hUT are the actual antenna heights, and 1.0m is the effective environment height.


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.
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
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	Antenna element gain horizontal pattern
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	Pattern combining method for 3D
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	Max direct. gain of the antenna element
	8 dBi


Table 14. UE antenna radiation pattern (TR 38.802 Table A.2.1-6)
	Parameter
	Value

	Antenna element gain vertical pattern
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	Antenna element gain horizontal pattern
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	Pattern combining method for 3D 
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	Max direct. gain of the antenna element
	5 dBi
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