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Introduction
Vehicular safety and automated driving are key application areas for 5G. Vehicular communication to study such applications has been studied in various bodies [1][2][3]. 3GPP SA1 has considered some of these aspects, which have been used to formulate some system level requirements in TS 22.861 [4], TS 22.862 [5] and TS 22.863 [6]. 3GPP SA1 has also recently agreed on a new study for enhanced V2X services. 
In this contribution we consider the deployment scenarios in 38.913 that are relevant to V2X, namely the “Highway scenario” and the “Urban grid for connected car scenario”. We show that these scenarios are not appropriate considering the advanced services that need to be supported for connected vehicles. We propose to update these scenarios so that they can be used for modeling and understanding performance with respect to the advanced vehicular communication applications.
Discussion
3GPP SA1 recently agreed on a new study for enhanced V2X services targeting 5G[8]. The types of usage scenarios considered by the study item include:
· Car as mobile office/home (office applications, entertainment) 
· (Communication to support) Semi-autonomous and fully autonomous driving (e.g., Cooperative driving, traffic and route management)
· Car platooning, road traffic management
First we look at the data rates needed by such applications. Ref. [6] indicates user experienced data rates of 50 Mbps for mobile broadband applications in moving vehicles (see for example, table 5.4.2-1 of [6]). Ref. [1] indicates data rates of 10-40 Mbps for safety applications. Regardless of exactly what data rate is to be achieved, it is clear that the required data rates will be much higher than can be supported today. It is important to correctly include and address these requirements in 5G NR from the start as these requirements can have a significant impact on the physical layer and protocol aspects.
The connected vehicle applications also have to operate for a high density of vehicles. Ref. [6] indicates an urban vehicle density of 200-2500 vehicles/km2. Ref. [1] similarly has a range from 100-3000 vehicles/km2, covering highway, suburban and urban scenarios.
TS 38.913 [7] currently has two deployment scenarios that are relevant to connected vehicles, which we briefly summarize below:
· Urban Grid for Connected Car scenario: 
· Based on a city grid of size 433m x 250 m.
· Deployment can be macro cell only or macro cells and RSUs.
· Macro cell inter-site distance is 500 m. If RSU are used, RSUs are placed at every intersection (i.e., 250 m RSU ISD in one dimension and 433 m RSU ISD in the other dimension).
· Highway scenario
· Deployment can be macro cell only or macro cells and RSUs
· Macro cell inter-site distance is 500 m. If RSUs are used, the RSU inter-site distance is 100 m.
· Speeds in the range of 100-300 km/h are assumed with a spacing of 1 second between vehicles (26 m -83 m between vehicles).
Based on [1], we consider a cooperative perception use case, where vehicles transmit sensor data to a roadside server. The server synthesizes the received sensor data from multiple vehicles and provides a synthesized version (e.g., a 3D map with locations and speeds of other vehicles and obstacles) to each vehicle. This requires a data rate of 10-20 Mbps from each vehicle to the server and a data rate of 10-20 Mbps from the server to each vehicle. Note that this data does not include any user application data (e.g., mobile office applications, smart phone data usage). In fact, it may not even be adequate to additionally support other automated driving applications; for example, applications such as intersection collision avoidance may require additional data to be exchanged.
Assuming a vehicle density of 3000 vehicles/km2, a per vehicle data rate of 20 Mbps, and a spectral efficiency of 30 b/s/Hz (which is the target peak spectral efficiency for NR [7]), having TRPs every 250 m implies a required bandwidth of 125 MHz. Note however, that such high spectral efficiency is difficult to achieve consistently especially with moving vehicles and in urban areas. It is also necessary to ensure that the required bandwidth is within reasonable limits. We assume a spectral efficiency of 5 b/s/Hz (which is significantly higher than what LTE systems offer today). Assuming a vehicle density of 3000 vehicles/km2, a per vehicle data rate of 20 Mbps, and a spectral efficiency of 5 b/s/Hz, if TRPs are located every 50 m the required bandwidth is 30 MHz.
Note also that while the current highway scenario considers only speeds in the 100 – 300 km/h range, often highways get congested and vehicles move much more slowly. The slower speeds lead to much higher vehicle density (compared to urban vehicle densities).
We propose the following updates to the “Urban grid for Connected Vehicles” scenario:

Table 6.1.10-1: Attributes of urban grid for connected car
	Attributes
	Values or assumptions

	Carrier Frequency NOTE1
	Macro only: Below 6 GHz (around 6 GHz)
Macro + RSUs NOTE2: 
1) For BS to RSU: Below 6 GHz (around 6 GHz) NOTE3
2) RSU to vehicles or among vehicles/pedestrians: below 6 GHz

	Aggregated system bandwidth NOTE4
	[TBD]MHz (DL+UL)

	Layout
	Option 1: Macro only
Option 2: Macro + RSUs NOTE2

	ISD
	Macro cell: ISD = 500m 
RSU at each intersection for Option 2RSU ISD = 50 m or 100 m for option 2

	BS antenna elements
	Tx: Up to [32 Tx]
Rx: Up to [32 Rx] 

	UE antenna elements
	Vehicle Tx: Up to [8 Tx]
Vehicle Rx: Up to [8 Rx]
Pedestrian/bicycle Tx: Up to [8 Tx]
Pedestrian/bicycle Rx: Up to [8 Rx]

	User distribution and UE speed NOTE5
	Urban grid model (car lanes and pedestrian/bicycle sidewalks are placed around a road block. [2 lanes] in each direction, [4 lanes] in total, [1 sidewalk], one block size: [433m x 250m])
Average inter-vehicle distance (between two vehicles’ center) in the same lane is [1sec * average vehicle speed ] (average speed [15 – 120km/h])
Pedestrian/bicycle dropping: average distance between UEs is [20 meters]

	Traffic model
	Option 1: [TBD] messages per 1 second with [120km/h], [50 messages] per 1 second with [60km/h], [10 messages] per 1 second with [15km/h]
Option 2: [TBD] messages per second with [TBD] message size resulting in [20 Mbps] downlink data rate per vehicle and [20 Mbps] uplink data rate per vehicle.



NOTE1:	The options noted here are for evaluation purpose, and do not mandate the deployment of these options or preclude the study of other spectrum options. A range of bands from 24 GHz – 40 GHz identified for WRC-19 are currently being considered and around 30 GHz is chosen as a proxy for this range.  A range of bands from 66 GHz – 86 GHz identified for WRC-19 are currently being considered and around 70 GHz is chosen as a proxy for this range
NOTE2:	SA1 defines RSU as a logical entity that combines V2X application logic with the functionality of an eNB (referred to as eNB-type RSU) or UE (referred to as UE-type RSU). Therefore a RSU can communicate with vehicles via D2D link or cellular DL/UL
NOTE3:	This frequency may or may not be evaluated depending on communication type between eNB and RSU.
NOTE4:	The aggregated system bandwidth is the total bandwidth typically assumed to derive the values for some KPIs such as area traffic capacity and user experienced data rate. It is allowed to simulate a smaller bandwidth than the aggregated system bandwidth and transform the results to a larger bandwidth. The transformation method should then be described, including the modelling of power limitations.
NOTE5:	More detail information can be found in [6].

We propose the following updates to the “Highway” scenario:
Table 6.1.9-1: Attributes of Highway
	Attributes
	Values or assumptions

	Carrier Frequency NOTE1
	Macro only: Below 6 GHz (around 6 GHz)
Macro + RSUs NOTE2: 
1) For BS to RSU: Below 6 GHz (around 6 GHz) NOTE3
2) RSU to vehicles or among vehicles: below 6 GHz

	Aggregated system bandwidth NOTE4
	[TBD] MHz (DL+UL) 

	Layout
	Option 1: Macro only
Option 2: Macro + RSUs NOTE2

	ISD
	Macro cell: ISD = 500m 
Inter-RSU distance = [100m]50 m or 100 m NOTE5

	BS antenna elements
	Tx: Up to [32 Tx]
Rx: Up to [32 Rx] 

	UE antenna elements
	RSU Tx: Up to [32 Tx]
RSU Rx: Up to [32 Rx]
Vehicle Tx: Up to [8 Tx]
Vehicle Rx: Up to [8 Rx]

	User distribution and UE speed
	100% in vehicles
Average inter-vehicle distance (between two vehicles’ center) in the same lane is [1sec * average vehicle speed]  (average speed: [100-300km/h])

	Traffic model
	Option 1: [50 messages]  per 1 second with absolute average speed of either:
· [100-250 km/h] (relative speed: 200 – 500km/h), or
· 30 km/h
Option 2: [TBD] messages per second with [TBD] message size resulting in [20 Mbps] downlink data rate per vehicle and [20 Mbps] uplink data rate per vehicle., with absolute average speed of either:
· [100-250 km/h] (relative speed: 200 – 500km/h), or
· 30 km/h


NOTE1:	The options noted here are for evaluation purpose, and do not mandate the deployment of these options or preclude the study of other spectrum options. A range of bands from 24 GHz – 40 GHz identified for WRC-19 are currently being considered and around 30 GHz is chosen as a proxy for this range.  A range of bands from 66 GHz – 86 GHz identified for WRC-19 are currently being considered and around 70 GHz is chosen as a proxy for this range.
NOTE2:	SA1 defines RSU as a logical entity that combines V2X application logic with the functionality of an eNB (referred to as eNB-type RSU) or UE (referred to as UE-type RSU). Therefore a RSU can communicate with vehicles via D2D link or cellular DL/UL
NOTE3:	This frequency may or may not be evaluated depending on communication type between eNB and RSU.
NOTE4:	The aggregated system bandwidth is the total bandwidth typically assumed to derive the values for some KPIs such as area traffic capacity and user experienced data rate. It is allowed to simulate a smaller bandwidth than the aggregated system bandwidth and transform the results to a larger bandwidth. The transformation method should then be described, including the modelling of power limitations.
NOTE5:	If above 6 GHz is considered for communication between RSU and vehicles, inter-RSU distance can be [30 meter]. 


Conclusion
In this contribution we considered the two deployment scenarios in [7] that are relevant to vehicular communications. In order to support various advanced connected car communication applications (related to safety applications and automated driving), we proposed to modify the highway deployment scenario and the urban grid deployment scenario. The proposed modifications increase the density of RSUs and assume a higher data rate per vehicle.
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