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1 Introduction

At the RAN Meeting #68, the feasibility study on LTE based V2X services was approved [1]. According to the study item description document, RAN1 WG is tasked to define evaluation methodology for V2X analysis and identification of the necessary LTE enhancements to address V2V use cases and requirements [2]. In this contribution, we provide our views on the V2X deployment scenarios, channel models, vehicle density and mobility modeling. Our views on V2X traffic models and performance metrics to be considered in this study item are provided in our companion contribution [3].
2 Deployment Scenarios
The 3GPP TR 22.885 [2] defines the set of V2X use cases, applicable in different scenarios. Five deployment scenarios including suburban, freeway, autobahn, NLOS/Urban and Urban Intersection and corresponding requirements with performance metrics are described as further discussed in [3].
For evaluation of V2X performance, we propose to reduce the set of deployment scenarios since some of them are quite similar in terms of propagation conditions and mainly differ in terms of vehicle speed and density. Therefore we propose to categorize scenarios in [2] into three different deployment scenarios as it is shown in Table 1.
Table 1. Categorization of deployment scenarios
	TR 22.885 Scenarios
	Deployment Scenario

	Autobahn
	Direct Road Line

	Freeway
	

	NLOS/urban
	Urban V2X

	Urban Intersection
	

	Suburban
	Suburban V2X 


In our view, the Suburban V2X deployment scenario may be considered as a less challenging one in terms of satisfying the target V2V requirements given the lower vehicle speed and less severe NLOS propagation conditions. Therefore, we propose to prioritize Direct Road Line and Urban V2X scenarios which are discussed in the next subsections.

Proposal 1
· For V2X study consider the Direct Road Line and Urban V2X deployments with parameters specified in Appendix A
2.1 Deployment Specific Parameters
2.1.1 Direct Road Line Deployment Scenario
For evaluation of freeway and autobahn scenarios, we propose to introduce Direct Road Line deployment. In this model, the road of L meters length has two opposite driving directions. Each direction has N lanes of the same width lw which constitute the total road width W=2N*lW, as illustrated in Figure 1.
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Figure 1. Direct Road Line Deployment Topology

In order to avoid boundary effects in terms of interference modeling, the circular road extension (“road wrap around”) on both road ends is proposed as shown in Figure 1. The sufficient road length should be selected so that interference environment is properly modelled. Once the cyclic road extension is done, each node (either transmitter or receiver) should take into account the transmitters/receivers in  ±L/2 area around the target node.
In this scenario, the RSUs are placed at h meters height on the road shoulders at the distance of d meters from roadway at both sides with inter-RSU distance D meters (see Figure 1). It should be noted, that for road cyclic extension, the inter-RSU distance D should be aligned with the road length L.
The proposed vehicle density and mobility model details are provided in Section 2.2.
2.1.2 Urban V2X Deployment Scenario (Manhattan Grid)
For the analysis of NLOS/Urban and Urban Intersection scenarios from [2], we propose to use an Urban V2X deployment. This deployment should reflect the main aspects of vehicular propagation environment, with cars moving along the crossing streets in different directions. Therefore, the well-known Manhattan grid deployment scenario [4] can be used as the baseline.
The square Manhattan grid deployment consists of multiple building blocks separated by crossing roads. All roads have two driving directions with one or multiple lanes. The wrap around approach can be also recommended for this deployment, however the proper wrap around modeling in this case may depends on the deployed node types. It is desirable that same wrap around technique is used for deployments with and w/o eNBs. The later may require adjustment of the building block dimensions, road widths and / or inter-site distance in order to properly apply wrap around procedure as it is shown in Figure 2-a. Oppositely, the Manhattan grid deployment can be surrounded with nine replicas. Alternatively, only vehicle nodes inside of the central deployment area should be taken into account for analysis. 
Two RSU deployment options applicable to Urban V2X deployment scenario are shown in Figure 2. The Urban V2X deployment scenario with underlay one tier hexagonal RSU (eNodeB) deployment is shown at Figure 2-a. At the Figure 2-b the dense RSU (UE) deployment based on topology described in [4] is shown. The more details on V2X infrastructure consideration are provided in Section 2.3.
The proposed mobility model details are provided in Section 2.2. The additional parameters specific to this deployment are further provided in Appendix A, including the vehicle density and deployment of road side units.
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Figure 2. Urban V2X Deployments 
a) Hexagonal-based RSU deployment b) Street-periodic RSU deployment
2.2 Vehicle Traffic Model

Direct Road Line

In the Direct Road Line deployment scenario, vehicles moving at different lanes may have different speed. The outer lanes typically characterized by the lower speed comparing to the inner lanes. For vehicle distribution on each lane, we suggest to use Poisson distribution as defined in [5]. In this case, the vehicle density in each lane is controlled using the Mean Time Ahead Distance (MTAD) parameter which reflects the mean distance between two vehicles on the same lane. In this case, the vehicle waiting time between two consecutive vehicles is distributed according to Erlang distribution and can be written as [6]:
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For light and dense traffic modelling, we propose to use MTAD equal to 3s and 1s accordingly. The proposed values reflect parameters of Normal and High Density Traffic scenarios used in ETSI evaluations [5] and correspond to highway level of services B and E in terms of US highway traffic classification [7].
Urban V2X
In this scenario, the vehicles can be randomly and uniformly dropped along the streets having two opposite road directions. In this scenario, the nodes mobility is simulated using a grid road topology as it is shown in Figure 2-a.

This mobility model typically assumes vehicles driving along the streets. As an additional optional model enhancement it may be considered to introduce left/right turn probability. In this case, the vehicle when reaches road intersection evaluates its further direction based on predefined probability value. This approach may need to be introduced for the V2I modeling if a long timescale is assumed.

2.3 V2X Infrastructure Considerations
Although the V2V study has been given a higher priority, the V2I/N communication should also be considered in further evaluations. In this sub-section, we discuss an underlay network structure.
The TR 22.885 [2] specifies two possible RSU implementation options: UE based or eNodeB based. The selected RSU implementation defines different options for RSU interconnection. In general, both options RSU-UE and RSU-eNB can communicate with other infrastructure nodes using wired inter-connections, however wired connection is more reasonable to assume in case of RSU-eNB based deployment, while for RSU-UE based deployment the wireless connection may be a more typical scenario. 
Below we discuss the set of possible options of V2I infrastructure deployment and operation scenarios which can be considered for further analysis:

· RSU (UE) + Vehicular. In this RSU implementation case, only V2I spectrum is available for vehicle infrastructure assistance, and, hence, the impact of V2I communication on direct V2V is expected and should be considered for evaluation.
· RSU (eNodeB) + Vehicular. In addition to V2I communication on V2V/V2I spectrum, the legacy cellular operation on multiple carriers can be utilized by eNodeB for V2V and V2I services improvements. The eNodeB nodes interconnection can provide additional benefits in, for example, coordinated allocation of resources utilized by V2V services.

· Macro eNodeB + RSU (eNodeB) + Vehicular. The same spectrum and infrastructure connectivity assumptions as discussed in previous case are valid. The tight coordination between RSUs connected to the same Macro eNodeB can be expected in this case.

· eNodeB + RSU (UE) + Vehicular. The particular scenario can be considered as an extension to the first scenario with improved RSU nodes coordination and connectivity provided by eNodeB. Similarly to the second scenario, the eNodeB may provide assistance to vehicles in broadcast, groupcast or unicast manner using legacy DL/UL operation or by V2I services via the RSU nodes.
3 Channel Models
For V2X studies, we propose to use stochastic channel models already used by 3GPP. However, we suggest to consider the case when vehicle is equipped with an outdoor antenna. Therefore, the only outdoor-to-outdoor (O2O) channel models should be defined. Below, we discuss channel models recommended for the considered deployments.
3.1 Large Scale Channel Characteristics
3.1.1 Pathloss Models
Direct Road Line
There are quite many V2V channel models that were developed for highway/freeway system level evaluations as described in multiple sources:
· ETSI Highway Pathloss Model [5]. The dual slope pathloss channel model was proposed in [5] (for 5.9 GHz carrier). The pathloss formula includes frequency-dependent component and, hence, can be reused for 2 GHz carrier frequency.
· Highway Pathloss Model [8]. The paper [8] provides V2V channel models based on analysis of V2V channel measurements. The authors propose the new classification of channel propagation environment. In addition to LOS and NLOS propagation types, the obstructed LOS(OLOS) is added to describe the case when LOS propagation direction blocked by intermediate vehicles.
· 3GPP D2D Pathloss Model [9]. This pathloss model was used in 3GPP D2D SI/WI to describe signal propagation between low height communication nodes. Given that large-size obstacles are not assumed in Direct Road Line deployment, the only LOS propagation model can be considered.
· Free Space Pathloss Model. Given that no significant obstacles are assumed in freeway/autobahn deployments, the freespace propagation model can also be considered as the candidate for V2V channel propagation model.
The considered pathloss models are illustrated in Figure 3 for 5.9 GHz carrier frequency and 1.5m vehicle antenna height.
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Figure 3. Direct Road Line deployment scenario pathloss candidates comparison

For vehicle-to-RSU links we propose to reuse the Winner-II D2a scenario LOS pathloss model [10] with particular RSU and vehicle antenna heights proposed in Appendix A. Similar to Direct Road Line deployment scenario, the Winner-II D2a scenario assumes the base stations deployment along the track of high speed receiver, which makes Winner-II D2a pathloss model applicable to V2I links modelling.
Proposal 2
· For Direct Road Line deployment scenario use the following pathloss models
· For V2V links, use 3GPP D2D O2O LOS pathloss model
· For V2I links, use Winner-II D2a LOS pathloss model

Urban V2X Scenario (Manhattan Grid)
For pathloss modeling in Urban Manhattan Grid deployments the majority of sources use the geometry-based LOS/NLOS links categorization: i.e. the LOS propagation is assumed if both TX and RX nodes are placed on the same street, in all other cases the signal is assumed to be blocked by building and categorized as NLOS.
· ETSI Urban Pathloss Model [5]. Three propagation categories are introduced: LOS for same street propagation, Near-LOS (near-LOS) – for communication nodes near the corner and NLOS (NLOS) for any other cases. The fixed additional attenuation independent of actual propagation distance is defined for near-LOS and NLOS cases. 
· WINNER+ B1 (Manhattan Grid) [11]. The proposed model comprises two propagation types: the LOS, when transmitter and receiver are placed on the same road and NLOS otherwise. This channel model incorporates dependency on antenna height, carrier frequency and can be a good candidate for V2X evaluations.
· METIS UMi V2V [12]. This channel model is based on WINNER+ B1 Manhattan Grid scenario channel model with additional corrections made for proper D2D/V2V channel model description.  

· Urban Pathloss Model [8]. This model incorporates LOS/OLOS pathloss model based on recent V2V channel measurements and NLOS V2V channel model originally developed by Mangel in [13]. The reused NLOS channel model component is also based on analysis of extensive V2V channel measurements and describes signal propagation at road intersections in urban and suburban environments.
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Figure 4. V2X Urban intersection geometry and pathloss model candidates
a) LOS Pathloss candidates models b) NLOS Pathloss candidates models c) Roads Intersection Model
Analyzing the available set of pathloss models, we suggest to update WINNER+ B1 Manhattan Grid model and adopt the changes made during 3GPP D2D SI, where the effective antenna height was modified and additional offset to NLOS pathloss component was introduced. The proposed model can be found in Appendix A and illustrated as Proposed V2V model in Figure 4.

For V2I links no modifications of WINNER+ B1 Manhattan grid pathloss model are needed, so we propose to use this channel model in simulations.
Proposal 3
· For Urban V2X deployment scenario use the following pathloss models
· For V2V links, use modified WINNER+ B1 pathloss model. Apply similar changes as were done in D2D SI.

· For V2I links, use WINNER+ B1 Manhattan grid pathloss model
3.1.2 Shadow Fading Considerations
The log-normal distribution of shadow fading was proposed in multiple V2V channel models [8], [14]-[16] and also is recommended in this document with standard deviation values provided in Appendix A. One aspect that need to be further concluded by RAN1 WG is the shadowing correlation. The problem of shadow fading correlation on D2D links was raised during the design of D2D evaluation methodology [17]. Considering the high complexity of accurate modeling of the shadow fading spatial correlation it was decided to use spatially uncorrelated shadow fading model for D2D evaluation. At the same time the shadow fading correlation may need to be modeled for V2V links. As reported in [8] and [16], the shadow fading spatial autocorrelation property can be correctly modeled using the Gudmundson model [18] which assumes the simple exponential autocorrelation function:
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 according to procedure defined in [16], where dTx and dRx are the distances traveled by Tx and Rx respectively.
Proposal 4
· Use log-normal shadow fading distribution with no spatial cross-correlation between V2V links and shadow fading values specific for each scenario as provided in Appendix A
· Consider to model shadow fading spatial auto-correlation using the Gudmundson model.
3.2 Small Scale Channel Characteristics
There are two main channel modeling approaches for V2V evaluations: ray-tracing based and the geometry-based stochastic channel models (GSCM). The ray-tracing based channel models can provide the accurate V2V channel modeling if propagation environment is properly defined. The detailed specification of propagation environment leads to high complexity and strong dependency on the environment. The GSCM channel modelling approach is already widely used in 3GPP and represents the abstraction of ray-tracing channel modeling with stochastic distribution of reflectors/obstacles. Considering the dynamic V2V environment, the new GSCM V2V channel model was developed for V2V evaluations in highway and rural scenarios Error! Reference source not found. and recommended for Highway scenario evaluation by the METIS project [12]. However, in order to simplify evaluations, we propose to reuse ITU RMa channel model [21] with Doppler modeling modifications similar to changes made during 3GPP D2D channel models development. For V2I links we propose to use the ITU RMa channel model.
For Urban V2X scenario, the applicability of ITU UMi channel for V2V channel characterization in Urban environment is discussed in [16]. The 3GPP D2D O2O channel model (originally based on ITU UMi channel model) was already discussed and defined in [9] and therefore we propose to directly reuse this model for V2V. For V2I links, we propose to use the ITU UMi channel model.
Proposal 5
· For Direct Road Line deployment scenario use the following small scale channel models
· For V2V links, use ITU RMa channel model with the Doppler modeling modifications as specified in [9].

· For V2I links, use ITU RMa channel model
· For Urban V2X deployment scenario use the following small scale channel models

· For V2V links, use 3GPP D2D O2O channel model
· For V2I links, use 3GPP ITU UMi channel model

For update of large scale channel parameters (AoD, AoA, DS, K-Factor) used for generation of the small scale channel models, the similar methodology as used for correlation of shadow fading should be applied. The decorrelation distances for each parameter are taken from ITU table.
4 Mobility Modeling

For proper evaluation of V2X communication, the environment/channel update time should be carefully considered. This aspect depends on multiple factors including transmission period, vehicle speed, etc. 

In majority of 3GPP RAN1 simulation scenarios the speed and travel direction have the only impact to Doppler frequency value calculated and updated in small scale channel. In V2X study, the high values of relative speed (280 km/h) and long simulation time (up to tens of seconds) are assumed. Under these assumptions, the mobility cannot be ignored and should be properly handled using periodic update of propagation environment. The update period should be aligned with decorrelation time/distance for given large scale parameter.
The following parameters affecting channel modeling need to be regularly updated during simulation:

· Geometry parameters: distances between nodes, LOS azimuth/elevation angles of arrival and departure.

· Channel parameters: LOS/NLOS propagation type for each V2V and V2I link, pathloss and large scale channel parameters taking into account correlation if agreed.
5 Conclusions
In this contribution we provided our view on V2X evaluation scenarios. In summary, we have the following list of proposals:
Proposal 1
· For V2X study consider the Direct Road Line and Urban V2X deployments with parameters specified in Appendix A
Proposal 2
· For Direct Road Line deployment scenario use the following pathloss models
· For V2V links, use 3GPP D2D O2O LOS pathloss model
· For V2I links, use Winner-II D2a LOS pathloss model
Proposal 3
· For Urban V2X deployment scenario use the following pathloss models
· For V2V links, use modified WINNER+ B1 pathloss model. Apply similar changes as were done in D2D SI.

· For V2I links, use WINNER+ B1 Manhattan grid pathloss model
Proposal 4
· Use log-normal shadow fading distribution with no spatial cross-correlation between V2V links and shadow fading values specific for each scenario as provided in Appendix A
· Consider to model shadow fading spatial auto-correlation using the Gudmundson model.
Proposal 5
· For Direct Road Line deployment scenario use the following small scale channel models
· For V2V links, use ITU RMa channel model with the Doppler modeling modifications as specified in [9].

· For V2I links, use ITU RMa channel model
· For Urban V2X deployment scenario use the following small scale channel models

· For V2V links, use 3GPP D2D O2O channel model
· For V2I links, use 3GPP ITU UMi channel model
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7 Appendix A – Proposal Summary on V2X Evaluation

This annex provides detailed list of parameters proposed for V2X evaluations.
Table 2. Details of Freeway/Autobahn Evaluation Scenarios 

	Parameter
	Freeway
	Autobahn

	Deployment

	Type
	Direct Road Line

	Number of lanes in each direction
	4
	2

	Number of road directions
	2

	Lane width
	4 m

	Core road length
	5000 m

	Infrastructure Deployment

	RSU-to-Roadway distance
	2 m

	RSU-to-RSU distance
	500 m

	Antenna height
	8 m

	Frequency Allocation

	Carrier frequency
	5.9 GHz – Dedicated spectrum case
2.0 GHz – Shared spectrum case

	System bandwidth
	10 MHz

	Mobility Model 

	Vehicle density
	Poisson distribution. Independent per each lane.

	Vehicle-to-Vehicle minimum distance
	3 m

	Velocity per lane
	[160; 135; 135; 110] km/h
	[130; 110] km/h

	Speed distribution per each lane
	Fixed speed, constant in time

	Mean time ahead distance
	Light traffic: 3 s
Dense traffic: 1 s

	V2V Channel Model

	Pathloss model
	3GPP D2D O2O

	LOS probability
	LOS only

	Shadow fading distribution
	Log-normal

	Shadowing standard deviation
	7 dB

	Shadowing spatial cross-correlation
	i.i.d.

	Shadowing spatial auto-correlation
	Exponential

	Small scale model
	ITU RMa with Doppler modeling according to [9]

	V2I Channel Model

	Pathloss model
	Winner-II D2a

	LOS probability
	LOS only

	Shadow fading distribution
	Log-normal

	Shadowing standard deviation
	4 dB

	Shadowing spatial correlation
	Exponential

	Small scale model
	ITU RMa 


Table 3. Details of NLOS/Urban and Urban Intersection Evaluation Scenarios 

	Parameter
	NLOS/Urban, Urban Intersection

	Deployment

	Type
	Manhattan Grid

	Building block size
	Option 1: Rectangle 115x134 m, adjusted for hexagonal RSU deployment
Option 2: Square 150x150 m

	Number of building blocks, X axis
	Option 1: 10
Option 2: 12

	Number of building blocks, Y axis
	12

	Road width
	20 m

	Number of lanes in each direction
	2

	Number of road directions
	2

	Lane width
	4 m

	Infrastructure Deployment

	Deployment
	Option 1: Hexagonal, 1 tier, 7 sites, ISD = 500 m
Option 2: As shown at Figure 2b

	Frequency Allocation

	Carrier frequency
	5.9 GHz – Dedicated spectrum case

2.0 GHz – Shared spectrum case

	System bandwidth
	10 MHz

	Mobility Model 

	Vehicle drop
	Random Uniform Drop along the streets

	Vehicle density
	Light traffic: 30 vehicles per km of the road
Dense traffic: 150 vehicles per km of the road

	V2V minimum distance
	3 m

	Velocity per lane
	50 km/h

	Speed distribution per each lane
	Fixed speed, constant in time

	Turn probability at intersection
	0 (All vehicles move straight ahead)

	V2V Channel Model

	Pathloss model
	Modified WINNER+ B1 Manhattan grid:
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c- Speed of light; c = 3·108 m/s


	LOS probability
	N/A

(LOS/NLOS propagation type is derived from geometry)

	Shadow fading distribution
	Log-normal

	Shadowing standard deviation
	LOS: 7 dB

NLOS: 7 dB

	Shadowing spatial cross-correlation
	i.i.d.

	Shadowing spatial auto-correlation
	Exponential

	Small scale model
	3GPP D2D O2O

	V2I Channel Model

	Pathloss model
	Winner+ B1, Manhattan Grid

	LOS probability
	N/A

(LOS/NLOS propagation type derived from geometry)

	Shadow fading distribution
	Log-normal

	Shadowing standard deviation
	LOS: 3 dB

NLOS:4 dB

	Shadowing spatial correlation
	Exponential

	Small scale model
	ITU UMi


Table 4. Vehicle Equipment Parameters

	Parameter
	Value

	Antenna height
	1.5 m

	Antenna pattern
	Omni 2D

	Antenna gain
	0 dBi

	Tx max power
	23 dBm


Table 5. RSU Equipment Parameters

	Parameter
	RSU (UE)
	RSU (eNB)

	Antenna height
	8 m
	25 m

	Antenna pattern
	Omni 2D
	Directional 3D, according to [21]

	Antenna gain
	5 dBi
	17 dBi

	Tx max power
	23 dBm
	46 dBm
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