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1 Introduction

The objectives of the agreed V2x study are to evaluate new functionalities needed to operate LTE-based V2X (V2V, V2I/N, and V2P), and to investigate potential enhancements for vehicular services defined in [SA1 TR: TR 22.885]. The study should cover LTE-based V2X both with and without LTE network coverage, and cover both the operating scenario where the carrier(s) is/are dedicated to LTE-based V2X services (subject to regional regulation and operator policy including the possibility of being shared by multiple operators) and the operating scenario where the carrier(s) is/are licensed spectrum and also used for normal LTE operation. Support for PC5 transport for V2V services shall be given the highest priority until RAN#70.

In this contribution, we propose two models for evaluating the performance of V2X solutions. The first one corresponds to an urban deployment scenario with high density of cars and pedestrians with low mobility. The second one corresponds to a highway deployment with low density of cars with high mobility and pedestrians. Both models cover the deployment of UEs (i.e., position and density) and their mobility, as well as propagation characteristics, including pathloss, LOS probability, shadowing, and fast fading. The models are based on conclusions extracted from real-life situations.  
2 Discussion
Vehicular communication scenarios are characterized by the mobility of the UEs. This mobility causes the network topology to change continuously. It is therefore important that the system simulator is dynamic and includes mobility; that is, the UEs must move according to some model, changing their relative distances, path loss components, and ultimately the network topology. The performance of many components of a V2x system will vary depeding on whether they are tested on static or dynamic environments. For example, resource allocation algorithms may easily converge in a static scenario but may fail to do so in the highly dynamic V2x environments. To capture the dynamics of the system, it is necessary that a sufficiently long simulation is generated. Based on the deployment models and parameters below, we propose that each simulated drop covers at least 10 seconds of activity.
Proposal: the system simulator shall be dynamic and shall model explicitly the mobility of the different UEs. The time of simulated activity shall be at least 10 seconds for each drop.
In the following, we present two deployment models to be used for system level simulation: an urban model and a highway model.
2.1.1 Urban scenario

2.1.1.1 Deployment model

For evaluating the behaviour and performance of nodes engaged in V2x communication in an urban scenario with high user density, we propose the model depicted in Figure 1 and Figure 2. The parameters used in the scenario as well as their values are summarized in Table 1.
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Figure 1. Illustration of the model for the urban scenario.
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Figure 2. Detailed illustration of a street in the urban scenario in Figure 1

Table 1. Parameters for the urban scenario in Figure 1 and Figure 2. The values are representative of real cities (see Appendix 5.1).
	Parameter
	Value

	dh (horizontal distance between crossings)
	166.67 m

	dv (vertical distance between crossings)
	288.89 m

	d1
	216.67 m

	d2
	125 m

	ds (street width)
	18 m 

	dl (lane width)
	3 m

	dw (sidewalk width)
	3 m



This 2-dimensional scenario (866mx500m) consists of three horizontal streets crossing three vertical streets. Each street has 2 lanes per direction (right-hand side traffic) and a sidewalk on each side, as illustrated in Figure 2. The scenario has a wrap-around behavior as illustrated in Figure 3. Moving UEs leaving from left (top) side appear on the right (bottom) side, and vice versa. This model captures two fundamental characteristics of urban scenarios: intersections and urban canyons. Other traffic aspects such as overtaking or turning are not included in the model.
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Figure 3. Wrap-around model to generate simulation scenario. 
UEs (vehicles, pedestrians) are deployed in the scenario as specified in Table 2. UE density and mobility are considered in the next section.

Table 2. Parameters for the deployment of UEs in the urban scenario.
	Parameter
	Value

	Vehicle UE initial position
	In the middle of the lane at regular intervals (i.e. equally spaced cars along the lane).

	Pedestrian UE initial position
	In the middle of the sidewalk at regular intervals (i.e. equally spaced cars along the lane).


RSUs and eNBs are deployed at fixed positions as specified in Table 3. With this configuration, eNBs are deployed following a typical hexagonal-cell pattern with inter-side distance of 500 m. 

Table 3. Parameters for the deployment of eNBs and RSUs in the urban scenario.
	Parameter
	Value

	RSU position
	One in total, placed at the middle of the central intersection (e.g., on a hanging traffic light)

	eNB position
	Two in total, placed as described in Figure 1.


The smallest distance between two nodes is set to 3 m in all cases.
2.1.1.2 UE density and mobility model

The density of vehicle and pedestrian UEs is specified in Table 4. 

Table 4. UE density parameters for the urban scenario.

	Parameter
	Value

	Vehicle UE density
	100 vehicles/km/lane

	Pedestrian UE denisty
	100 pedestrians/km/sidewalk


UEs move in the scenario at a constant velocity according to the parameters specified in Table 5

Table 5. UE mobility parameters for the urban scenario
	Parameter
	Value

	Vehicle UE speed
	Random uniform in the range [20, 60] km/h, in the direction of the traffic (right-hand traffic).

	Pedestrian UE speed
	3 km/h along the sidewalk, the direction is chosen randomly with probability 0.5.


2.1.1.3 Channel models
Pathloss
For transmission between UEs (vehicles, pedestrians), between a UE and road infrastructure node (e.g. a RSU), or between road infrastructure nodes, the pathloss components are obtained as described in Table 6 and Table 7. All distances between UEs are Euclidean distances and are expressed in meters.
Table 6. Pathloss for nodes in the same street.
	LOS
	UMi (B1) LOS channel model ([6] Table 4-1)

	NLOS
	O2O model used for D2D:  UMi (B1) NLOS Hexagonal layout in ([6] Table 4-1) with -5 dB offset.

	LOS probability
	Pr(d)=min(3/d,1)(1-exp(-d/20))+exp(-d/20)

(Winner II-B1, [5] Table 4-7 with modified parameters)


	Table 7. Pathloss for nodes in different streets as a function of the distance d between them.
d≤30m
	LOS 
	UMi (B1) LOS channel model ([6] Table 4-1).

	
	NLOS 
	O2O model used for D2D:  UMi (B1) NLOS Hexagonal layout in ([6] Table 4-1) with -5 dB offset.

	
	LOS probability
	Pr(d)=min(3/d,1)(1-exp(-d/20))+exp(-d/20)

(Winner II-B1, [5] Table 4-7 with modified parameters)

	d>30m
	NLOS 
	O2O model used for D2D: UMi (B1) NLOS Hexagonal layout in ([6] Table 4-1) with 0 dB offset


For V2N transmission the pathloss component and the LOS probability are as defined for the urban macro (UMa) model in Table A1-2 and Table A1-3 in [8], respectively.

The pathloss values shall be updated at least every 100 ms according to the positions of the different nodes in the scenario. Whether a channel has LOS or NLOS component, shall be recalculated every 1 s.
Shadowing

For transmission between UEs (vehicles, pedestrians), between a UE and road infrastructure node (e.g. a RSU), or between road infrastructure nodes, the shadowing shall be log-normal with 7 dB standard deviation (D2D model in Section A.2.1.2 in [1]). The shadowing process shall have the autocorrelation properties described in Section 1.3.1.1 in [8].
For V2N transmission, the urban macro (UMa) model in Table A1-2 shall be used. The shadowing process shall have the autocorrelation properties described in Section 1.3.1.1 in [8].
The shadowing values shall be updated at least every 100 ms according to the positions of the different nodes in the scenario.

Fast fading
EVA channel model with Dual mobility.
2.1.2 Highway scenario

2.1.2.1 Deployment model

For evaluating the behavior and performance of nodes engaged in V2x communication in a highway scenario with low user density, we propose the model depicted in Figure 4. The parameters used in the scenario as well as their values are summarized in Table 8.
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Figure 4. Illustration of the model for the highway scenario.
Table 8. Parameters for the highway scenario in Figure 4
	Parameter
	Value

	d1 (scenario width)
	40 m

	d2 (scenario length)
	3464 m

	dl (lane width)
	4 m

	de (distance between eNBs/RSUs)
	1732 m

	dv (verge width)
	8 m


This 2-dimensional scenario consists of a section of a single highway. The highway has 3 lanes per direction (right-hand side traffic) and verges on the sides. The scenario has wrap-around effect where signals and vehicles leaving from left side appear on the right side, and vice versa. This model is similar to one proposed by ETSI [2]. 
UEs (vehicles, pedestrians) are deployedin the scenario as specified in Table 9. To minimize the number of simulation scenarios while ensuring that conclusions can be drawn for many cases, we propose to include pedestrian UEs in a highway scenario. The interaction between high-speed vehicle UEs and pedestrians is relevant to inter-urban roads, for which there is no additional simulation scenario. UE density and mobility are considered in the next section.
Table 9. Parameters for the deployment of UEs in the highway scenario.
	Parameter
	Value

	Vehicle UE initial position
	In the middle of the lane at regular intervals (i.e. equally spaced cars along the lane).

	Pedestrian UE initial position
	In the middle of the verge at regular intervals (i.e. equally spaced cars along the lane).


Two eNBs are placed at the center of one of the verges with an inter-site distance of 1732 m. An RSU is co-located with each eNB; this corresponds to real test-field conditions (see Section 5.1).
The smallest distance between two nodes is set to 3 m in all cases.
2.1.2.2 UE density and mobility model
The density of vehicle and pedestrian UEs is specified in Table 10. 

Table 10. UE density parameters for the highway scenario.
	Parameter
	Value

	Vehicle UE density
	20 vehicles/km/lane

	Pedestrian UE density
	5 pedestrians/km/verge


UEs move in the scenario at a constant velocity according to the parameters specified in Table 11. It is important that vehicles in the same direction travel at different speeds to avoid artificial clustering of UEs and ensure that the Doppler behavior is representative of a highway environment.
Table 11. UE mobility parameters for the highway scenario.
	Parameter
	Value

	Vehicle UE speed
	Right lane
	90 km/h

	
	Middle lane
	120 km/h

	
	Left lane
	140 km/h

	Pedestrian UE speed
	0 km/h


2.1.2.3 Propagation model

Pathloss

For transmission between UEs (vehicles, pedestrians), between a UE and road infrastructure node (e.g. a RSU), or between road infrastructure nodes, the pathloss components are obtained as described in Table 12. All distances between UEs are Euclidean distances.
Table 12. Pathloss for nodes in the highway.
	LOS
	Dual-slope model:


[image: image5.wmf]ï

ï

î

ï

ï

í

ì

>

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

+

£

£

÷

÷

ø

ö

ç

ç

è

æ

+

=

c

c

c

d

d

d

d

d

d

PL

d

d

d

d

d

PL

d

PL

0

10

2

0

10

1

0

0

0

10

1

0

log

10

log

10

log

10

)

(

g

g

g


with parameters: PL0=67.9, d0=10, γ1=1.9, and γ2=4, [7].



	NLOS
	Same as LOS model with 20 dB offset.

	LOS probability
	O2O model used for D2D (Winner II-B1, [5] Table 4-7)


For V2N transmission the pathloss component and the LOS probability are as defined for the urban macro (UMa) model in Table A1-2 and Table A1-3 in [8], respectively.

The pathloss values shall be updated at least every 100 ms according to the positions of the different nodes in the scenario. Whether a channel has LOS or NLOS component, shall be recalculated every 1 s.

Shadowing

For transmission between UEs (vehicles, pedestrians), between a UE and road infrastructure node (e.g. a RSU), or between road infrastructure nodes, the shadowing shall be log-normal with 7 dB standard deviation (D2D model in Section A.2.1.2 in [1]). The shadowing process shall have the autocorrelation properties described in Section 1.3.1.1 in [8].

For V2N transmission, the urban macro (UMa) model in Table A1-2 shall be used. The shadowing process shall have the autocorrelation properties described in Section 1.3.1.1 in [8].

The shadowing values shall be updated at least every 100 ms according to the positions of the different nodes in the scenario.

Fast fading

EVA channel model with Dual mobility.

3 Conclusion

Based on the discussion in Section 2, we propose the following:
Proposal 1 The system simulator shall be dynamic and shall models explicitly the mobility of the different UEs. The time of simulated activity shall be at least 10 seconds for each drop.
Proposal 2 The model described in Section 2.1.1 including the deployment model, UE density and mobility models, and propagation model shall be used to simulate a high-density, low-mobility (urban) scenario.

Proposal 3 The model described in Section 2.1.2 including the deployment model, UE density and mobility models, and propagation model shall be used to simulate a low-density, high-mobility (highway) scenario.
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5 Appendix

5.1 Summary of typical deployment parameters

	New York, Manhattan
	75x150, 75x275

	Barcelona, Eixample
	130x130

	Stockholm, Norrmalm
	100x100


Table 13. Typical city block sizes (in metres)

	Bourdeaux demonstrator [3]
	Urban
	15 RSUs in 11 km (733 m / RSU)

	
	Inter-urban
	7 RSUs in 20 km ( 2857 m / RSU)

	Drive C2x [4]
	Frankfurt (urban)
	24 RSUs in 24 km (1000 m / RSU)

	
	Frankfurt (rural)
	21 RSUs in 53 km (2524 m / RSU)

	
	Frankfurt (highway)
	59 RSUs in 96 km (1627 m / RSU)

	
	Helmond (highway)
	11 RSUs in 4.2 km (380 m / RSU)

	
	Vigo
	15-30 RSUs in 60 km (2000-4000 m / RSU)


Table 14. RSU density in 802.11p test deployments 

5.2 Alternative urban deployment

As an alternative for evaluating the behavior and performance of nodes engaged in V2x communication in an urban scenario, we propose the simplified model depicted in Figure 5. The streets in the model follow the structure in Figure 2. The parameters used in the scenario as well as their values are summarized in Table 15. 
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Figure 5. Illustration of the alternative model for the urban scenario.

	Parameter
	Value

	d1 (vertical eNB distance)
	433,3 m

	d2 (horizontal eNB half-distance)
	250 m

	dlog (logging box side)
	150 m

	ds (street width)
	18 m 

	dl (lane width)
	3 m

	dw (sidewalk width)
	3 m


Table 15. Parameters for the alternative urban scenario in Figure 5. The values are representative of real cities (see Appendix 5.1).

This 2-dimensional scenario (866,6 m x 1000 m) consists of a single 90-degree crossing of two streets. Each street has 2 lanes per direction (right-hand side traffic) and a sidewalk on each side, as depicted in Figure 2. The scenario has a wrap-around behavior as illustrated in Figure 3. Moving UEs leaving from left (top) side appear on the right (bottom) side, and vice versa. This model captures two fundamental characteristics of urban scenarios: intersections and urban canyons.

To minimize the negative effects of the wrap-around behavior, only the statistic of the users in the centre of the scenario shall be taken into account. This simplifies the simulations while providing an acceptable degree of accuracy. In addition, by selecting appropriately the dimensions of the logging area we model a distance between crossings that is consistent with real-life urban scenarios.

Other traffic aspects such as overtaking or turning are not included in the model.

UEs (vehicles, pedestrians) are deployed randomly in the scenario as specified in Table 16. The smallest UE-UE distance is set to 3 m.  UE density and mobility are considered in the next section.

	Parameter
	Value

	Vehicle UE initial position
	Random lane (uniform), center of the lane, random initial position (uniform) in the lane

	Pedestrian UE initial position
	Random sidewalk (uniform), center of the sidewalk, random initial position (uniform) in the sidewalk


Table 16. Parameters for the deployment of UEs in the alternative urban scenario.

A single RSU and three eNBs are deployed at fixed positions as specified in Figure 5 and Table 17. In this way, eNBs are deployed following a typical hexagonal-cell pattern with inter-side distance of 500 m. 
	Parameter
	Value

	RSU position
	One, at the center of the intersection (e.g., on a traffic light)

	eNB position
	4 in total, placed as described in Figure 5.


Table 17. Parameters for the deployment of eNBs and RSUs in the alternative urban scenario.

The density and mobility models are as described in Section 2.1.1.2. The channel models are as described in Section 2.1.1.3
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