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1 Introduction
In RAN #68, new study item: Feasibility Study on LTE-based V2X Services was approved [1]. The general objectives of this study item are to evaluate the new functionalities needed to operate LTE-based V2X, and to investigate the potential enhancements for vehicular services. Concerning the evaluation methodology, the specific objectives are as follows: 
1) To define the evaluation methodology for LTE-based V2V, V2I/N and V2P services to compare the performance of different technical options, including the following aspects: [RAN1]

a) Deployment scenarios, considering the above operating scenarios

b) Modeling of vehicle density and mobility 

c) Traffic models and performance metric

At least the aspects of the methodology relevant to PC5 for V2V shall target RAN#69, to enable completion of objective 2.
In this contribution, we present our views on the evaluation methodology for LTE-based V2X, with a focus on the deployment scenarios, vehicle density modeling, and mobility.
2 Deployment scenario
In SA1, several essential use cases and requirements of V2X service have been studied [2]. Preferably, these use cases should be covered and evaluated with the RAN deployment scenarios. However, to avoid large workload for simulations and evaluations, the number of deployment scenarios should be minimized. Thus, we focus here on two typical deployment scenarios: urban and rural scenarios, which are applicable to urban highways, congested streets, etc., and rural motorways, sparse streets, etc., respectively.
We think that the baseline parameters for such tasks can be imported from the existing D2D deployment scenarios [3] because the V2X functionalities will be essentially constructed on D2D-based technologies. The key parameters of each scenario are summarized in Table 1.
Table 1 – Simulation Parameters for V2X Scenarios

	Parameter
	Urban scenario
	Rural scenario

	LTE-Layout
	Option 3: Urban macro (500m ISD)
	Option 5: Urban macro (1732m ISD)

	Carrier frequency
	Operator spectrum: 700MHz / 2GHz

ITS spectrum: 5.9GHz
	Operator spectrum: 700MHz / 2GHz

ITS spectrum: 5.9GHz

	System bandwidth
	10MHz Uplink and 10MHz Downlink for FDD, 20 MHz for TDD

	10MHz Uplink and 10MHz Downlink for FDD, 20 MHz for TDD for in-coverage and partial coverage scenarios

10MHz dedicated spectrum for out-of-coverage scenarios

	Network synchronization
	With equal priority

· All eNodeBs synchronized

· eNodeBs on different carriers not synchronized

· eNodeBs on a given carrier not synchronized


Given that the vehicles are usually driven in the outdoor places, it would be natural to use D2D reference system deployments option 3: Urban macro (500m ISD) for the urban scenario. With regard to the rural scenario, similarly, we propose to use D2D reference system deployments option 5: Urban macro (1732 ISD). 
In [1], it is described “the carrier(s) is/are licensed spectrum and also used for normal LTE operation” and “up to 6GHz” is specified as an example of the Doppler requirement. Since the performance of vehicular communication can be significantly affected by the choice of the carrier frequency, we think ITS spectrum (5.9GHz) and the existing D2D frequencies, which include 2GHz and 700MHz, should be assumed for the evaluation. We also think that the system bandwidth and network synchronization should be implemented on an as-is basis and all the assumptions are imported from the existing D2D deployment scenario. 
Proposal 1: Urban scenario and rural scenario as listed in the table 1 should be considered as the baseline scenario for the V2X evaluation.
Since one of the important aspects in vehicular communications is NLOS performance, the V2X evaluation model needs to capture the NLOS performance correctly. However, the existing evaluation methodologies, which are based on hexagonal cell layout, may not correctly reflect the NLOS environment. Use of a Manhattan deployment model [4] may be more useful because it can provide more flexibility for any type of the vehicular deployments, including a NLOS situation.
3 Vehicle density modeling
Vehicle density models for intelligent transport systems (ITS) have been previously studied in CEPT [5]. We think that the vehicle densities identified by CEPT should also be applicable to the 3GPP V2X study as they are independent of the communication technology.
The vehicle density should be calculated from the road deployment model for the cell and the inter-vehicle distance. The road deployment model consists of the length of the road/lane and the number of lanes, and it can be arranged with the deployment scenario and the road type. On the other hand, the inter-vehicle distance is determined by the velocity of the vehicles. We calculated the number of vehicles in the cell for the following two cases: 
(1)Urban highway scenario (ISD 500m)
· Number of vehicles per cell: 80 (1108/km2)
· Number of lanes per cell: 8

· Length of lane: 250m
· Road length per cell: 2000m
· Velocity: 50kmph

· Inter-vehicle distance: 25m

· Number of vehicles on the road: 80
(2)Rural motorway scenario (ISD 1732m)
· Number of vehicles per cell: 40 (46/km2)

· Number of lanes per cell: 4
· Length of lane: 1000m
· Road length per cell: 4000m
· Velocity: 160kmph

· Inter-vehicle distance: 100m

· Number of vehicles on the road: 40
Observation 1: The vehicle density can be calculated based on the assumptions related to the road deployment model and inter-vehicle distance.
4 Vehicle dropping model

Vehicle dropping model is one of the most important factors in the evaluation of the vehicular communication. We propose here two options for the vehicular dropping model. In option 1, the vehicles are uniformly distributed in the cell. In option 2, the vehicles are uniformly distributed along the road in the cell. 
In option 1, we can reuse the D2D UE dropping model, which is used for layout option 3,5,6, where all the UEs are randomly but uniformly dropped throughout the macro geographical area. Concerning option 2, an example of the road model is shown in Figure 1. The vehicles are uniformly distributed on the roads. Here, we assume two lanes per road with the vehicle running in the opposite direction each other. In general, however, it is possible that the number of lanes for each direction is chosen depending on the given deployment scenario.

[image: image1]
Figure 1. Example of road deployment model
Proposal 2: For the vehicle dropping model, either option 1 or option 2 should be supported.
5 Mobility
V2V service should be able to support the high mobility requirements. There are various velocities that should be supported depending on the road scenario. In reference to the document of the V2X use cases and requirements in SA1 [2], we find the following set of possible parameters, including the velocity parameter.

Table 2 – Example parameters for V2X Services
	Scenario
	Effective range
	Absolute velocity of a UE supporting V2X Services
	Relative velocity between 2 UEs supporting V2X Services
	Maximum tolerable latency
	Minimum application layer message reception reliability

	#1 (suburban)
	200m
	50kmph
	100kmph
	100ms
	90%

	#2 (freeway)
	320m
	160kmph
	280kmph
	100ms
	80%

	#3 (autobahn)
	320m
	280kmph
	280kmph
	100ms
	80%

	#4 (NLOS / urban)
	100m
	50kmph
	100kmph
	100ms
	90%

	#5 (urban intersection)
	50m
	50kmph
	100kmph
	100ms
	95%

	#1 (suburban)
	200m
	50kmph
	100kmph
	100ms
	90%


Proposal 3: Vehicular velocities listed in table 2 should be considered as a baseline.
When we consider the vehicle mobility using the dropping model option 2, it should be possible that the direction of each vehicle is determined by the properties pertaining to the road. For example, the direction of the vehicle can be determined by the lane, where each lane has a specific direction. In addition, when the vehicle is at the corner, the change of direction is subject to the turning probability set, which consists of the turning probabilities for each direction. These simple probability-based mobility models can be useful when implemented with option 2.
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Proposal 4: In option 2 model, the vehicular mobility should be determined by the velocity, lane direction, and turning probability.
6 Summary
In this contribution, the following proposals and observation are made.
Proposal 1: Urban scenario and rural scenario as listed in the table 1 should be considered as the baseline scenario for the V2X evaluation.

Observation 1: The vehicle density can be calculated based on the assumptions related to the road deployment model and inter-vehicle distance.

Proposal 2: For the vehicle dropping model, either option 1 or option 2 should be supported.
Proposal 3: Vehicular velocities listed in table 2 should be considered as a baseline.
Proposal 4: In option 2 model, the vehicular mobility should be determined by the velocity, lane direction, and turning probability.
References

[1]
3GPP RP-151109, “New SI Proposal: Feasibility Study on LTE-based V2X Services,” LG Electronics, CATT, Vodafone and Huawei. RANP#68. Malmo, Sweden. 15-18 June 2015.
[2]
3GPP TR 22.855, “Study on LTE Support for V2X Services.”
[3]
3GPP TR 36.843, “Study on LTE Device to Device Proximity Services; Radio Aspects.”
[4]
ITU-R Report M.2135, Guidelines for evaluation of radio interface technologies for IMT-Advanced, 2008-11, http://www.itu.int/publ/R-REP-M.2135-2008/en
[5]
“CEPT Report 20: Report from CEPT to EC in response to the mandate on the harmonised radio spectrum use for safety critical applications of intelligent transport systems (ITS) in the European Union,” Final Report, 21 December 2007.
Appendix: Summary of Simulation Parameters
Table 3 lists the proposed simulation parameters required to model the V2X scenarios.

Table 3 – Simulation parameters
	Parameter
	Urban scenario
	Rural scenario

	LTE-Layout
	Option 3: Urban macro (500m ISD)
	Option 5: Urban macro (1732m ISD)

	Carrier frequency
	Operator spectrum: 700MHz / 2GHz

ITS spectrum: 5.9GHz
	Operator spectrum: 700MHz / 2GHz

ITS spectrum: 5.9GHz

	System bandwidth
	10MHz Uplink and 10MHz Downlink for FDD, 20 MHz for TDD

	10MHz Uplink and 10MHz Downlink for FDD, 20 MHz for TDD for in-coverage and partial coverage scenarios

10MHz dedicated spectrum for out-of-coverage scenarios

	Network synchronization
	With equal priority

· All eNodeBs synchronized

· eNodeBs on different carriers not synchronized

· eNodeBs on a given carrier not synchronized

	Vehicle dropping model
	Option 1: Uniformly drop in the cell

· All UEs are randomly and uniformly dropped throughout the macro geographical area. All UEs are dropped out doors. No buildings are dropped.

Option 2: Uniformly drop on the road in the cell

· All UEs are randomly and uniformly dropped throughout on the road in the macro geographical area. All UEs are dropped out doors. No buildings are dropped.

	Road layout
	Highway
	Motorway

	Vehicle density
	80 per cell (1,108 per km2)
	40 per cell (46 per km2)

	Vehicle speed
	50km/h
	160km/h
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