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Abstract: Two use cases are proposed for eV2X regarding information sharing for limited automated driving and full automated driving.
Introduction

Two use cases are proposed for eV2X regarding information sharing for limited automated driving and full automated driving. They take into account some of KPI values depicted in a recent report from NGMN “Perspectives on Vertical Industries and Implications for 5G” (See S1-16xxxx.) They are complementary to existing use cases.
Proposal

It is proposed to add the following NEW use cases to eV2X TR 22.xyz.
---------- Start of the change ----------
5.x
Information sharing for limited automated driving
5.x.1
Description
5.x.1.1
General
This use case is interpreted as an automated driving at the level of e.g. NHTSA Level 3 automation (and NHTSA Level 2 automation), where non-short inter-vehicle distance (e.g. >2sec * vehicle speed) is assumed and abstracted/coarse data exchange is sufficient.
NOTE1:
See subsections “1. Assisted driving” and “2. Autonomous/ cooperative driving” in section 2.4 of NGMN “Perspectives on Vertical Industries and Implications for 5G” [a] for general concepts under use cases 5.x.1 and 5.z.1.
The following applies for aspects of cooperative perception and cooperative manoeuvre.
NOTE2: 
Cooperative perception is defined in general as sharing local perception data (abstracted data and/or high resolution sensor data) using V2X communication to expand detectable range of on-board sensor capability. Here, each vehicle and/or RSU shares its own perception data obtained from its local sensors (e.g., camera, LIDAR, radar, etc.), with vehicles in proximity.
NOTE3:
Cooperative manoeuvre is defined in general as sharing driving intention information (coarse and/or high resolution) using V2V communication for cooperative manoeuvre. Here, each vehicle shares its driving intention with vehicles in proximity.
· Cooperative perception: This use case requires sharing detected objects (e.g., abstracted object information detected by local sensors) among vehicles in the same area. 
· Cooperative manoeuvre: This use case requires sharing coarse driving intention (e.g., changing lanes or moving/ stopping/ parking in T sec at [x,y,z]) for changing lanes, merging at highway and roundabout, crossing at 4-way stop and have consensus among all involved vehicles via V2X. 
The following requirements apply for KPIs.
· Data rate: [0.5] Mbps per link for cooperative perception. [0.05] Mbps per link for cooperative manoeuvre.

NOTE4:
[0.5] Mbps is derived from: 60 byte/object, 100 objects, [10] messages/sec. [0.05] Mbps is derived from: few 100 bytes (e.g., 500 byte) /message, [10] messages/sec. (cf. [a]) The message transmission rate [10] messages/sec comes from assumption that a transmitter vehicle and RSU generate a new message every [100] ms. (cf. [d])
NOTE5:
Broadcast or multicast, periodic (or event-triggered) is assumed.
· End-to-end latency: low
NOTE6:
Low application-layer end-to-end latency is required (e.g. [100] ms) (cf. [a]).
· Reliability: High reliability
· Communication range: [10] sec * (maximum relative speed [m/s]) (cf. [c])
NOTE7:
In NHTSA Level 3 automation, the driver is expected to be available for taking full control when the automated driving system is no longer able to support automation, with sufficiently comfortable transition time (e.g., [10] sec). To this end, the vehicle needs to obtain predictive information of environments sufficient ahead. (cf. [e])
NOTE8:
In general, for V2V, the following mobility [km/h] (Relative vehicle speed) is assumed: Urban: [0-100km/h], Sub-urban: [0-200km/h], Autobahn: [0-250km/h] (same direction). For V2I, the following mobility [km/h] (Relative vehicle speed) is assumed: Urban: [0-50km/h], Sub-urban: [0-100km/h], Autobahn: [0-250km/h] (same direction). (cf. [b])
· Density of connection devices: High density
5.x.1.2
Pre-conditions 

1.
Vehicles A, B, and C and RSUs X, Y, and Z support V2X communication for information sharing for limited automated driving.
2.
Any combination of vehicles A, B, and C and RSUs X, Y, and Z are in communication range.
3.
Vehicles A, B, and C are travelling in proximity, where inter-vehicle distance is not short (e.g. >2sec * vehicle speed).
5.x.1.3
Service flows 
1.
Each vehicle shares its detected objects (e.g., abstracted object information detected by local sensors) and/or coarse driving intention with other vehicles. Each RSU shares its detected objects with vehicles A, B, and C.

2.
Each vehicle obtains the information of surrounding objects that cannot be obtained only from local sensors and also obtains the driving intention of the other vehicles in proximity.
5.x.1.4
Post-conditions 

1.
Each vehicle utilizes the received information of detected objects and/or coarse driving intention of other vehicles as predictive information for its driving.

2.
Road safety and traffic efficiency is improved.

5.x.2
Potential requirements

[PR-5.x.2-001]
The 3GPP system shall be capable of supporting user experienced data rate of [0.55] Mbps between UEs supporting V2V application.

[PR-5.x.2-002]
The 3GPP system shall be capable of supporting user experienced data rate of [0.5] Mbps between a UE supporting V2I application and an RSU.
[PR-5.x.2-003]
The 3GPP system shall be capable of transferring periodic broadcast/multicast messages between two UEs supporting V2V application with message payloads of [6500] bytes, not including security-related message component.
[PR-5.x.2-004]
The 3GPP system shall be capable of transferring periodic broadcast/multicast messages between a UE supporting V2I application and an RSU with message payloads of [6000] bytes, not including security-related message component.
[PR-5.x.2-005]
The 3GPP system shall be capable of supporting a maximum frequency of [10] messages per second per transmitting UE.
[PR-5.x.2-006]
The 3GPP system shall be capable of transferring messages between two UEs supporting V2V application, directly or via an RSU, with a maximum application-layer end-to-end latency of [100] ms.
[PR-5.x.2-007]
The 3GPP system shall be capable of transferring messages between a UE supporting V2I application and an RSU with a maximum application-layer end-to-end latency of [100] ms.
[PR-5.x.2-008]
The 3GPP system shall be capable of supporting high reliability without requiring application-layer message retransmissions.
[PR-5.x.2-009]
The 3GPP system shall be capable of supporting a communication range sufficient to give the predictive information to the vehicles in proximity (e.g. [10] sec * (maximum relative speed) [m/s]). 
NOTE:
In each mobility scenario, [10] sec * (maximum relative speed) [m/s] is equal to: [278] m for the maximum relative speed of [100] km/h in urban, [556] m for the maximum relative speed of [200] km/h in sub-urban, and [694] m for the maximum relative speed of [250] km/h in Autobahn (same direction).
[PR-x.1.2-010]
The 3GPP system shall be capable of supporting a high connection density.
5.z
Information sharing for full automated driving
5.z.1
Description
5.z.1.1
General
This use case is interpreted as an automated driving at the level of e.g. NHTSA Level 4 automation, where non-short inter-vehicle distance (e.g. >2sec * vehicle speed) is assumed and high-resolution data exchange is required.

The following applies for aspects of cooperative perception and cooperative manoeuvre.

· Cooperative perception: This use case requires sharing high resolution perception data (e.g., camera, LIDAR, occupancy grid) among vehicles in the same area.
· Cooperative manoeuvre: This use case requires sharing detailed planned trajectory among all involved vehicles via V2X for collaborative manoeuvre.

The following requirements apply for KPIs.

· Data rate: [50] Mbps per link for cooperative perception. [3] Mbps per link for cooperative manoeuvre.

NOTE1:
[50] Mbps is derived from: H.265/ HEVC HD camera ~10 Mbps + LIDAR ~35 Mbps (6 vertical angles, 64 elements, [10] Hz horizontal rotation) + other sensor data. [3] Mbps is derived from: Planned trajectory ~2.5 Mbps (32 byte/coordinate, 10 ms resolution, 10 sec trajectory, [10] messages/sec) + other intention data. (cf. [a]) The message transmission rate of [10] messages/sec for the purpose of calculation comes from assumption that a transmitter vehicle and RSU generate a new message every [100] ms. (cf. [d])
· End-to-end latency: low
NOTE2:
Low application-layer end-to-end latency is required (e.g. [100] ms) (cf. [a]).
· Reliability: High reliability
· Communication range: [5] sec * (maximum relative speed [m/s]) (cf. [c]) 
NOTE3:
In NHTSA Level 4 automation (cf. [e]), the automated driving system is expected to be available for control without human intervention at any time during the trip. To this end, the vehicle needs to obtain predictive information of environments sufficient ahead (e.g., [5] sec ahead). (cf. [f])
NOTE4:
In general, for V2V, the following mobility [km/h] (Relative vehicle speed) is assumed: Urban: [0-100km/h], Sub-urban: [0-200km/h], Autobahn: [0-250km/h] (same direction). For V2I, the following mobility [km/h] (Relative vehicle speed) is assumed: Urban: [0-50km/h], Sub-urban: [0-100km/h], Autobahn: [0-250km/h] (same direction). (cf. [b])
· Density of connection devices: High density
5.z.1.2
Pre-conditions 
1.
Vehicles A, B, and C and RSUs X, Y, and Z support V2X communication for information sharing for full automated driving.
2.
Any combination of vehicles A, B, and C and RSUs X, Y, and Z are in communication range.

3.
Vehicles A, B, and C are travelling in proximity, where inter-vehicle distance is not short (e.g. >2sec * vehicle speed).
5.z.1.3
Service flows 
1.
Each vehicle shares its high resolution perception data (e.g., camera, LIDAR, occupancy grid) and/or detailed planned trajectory with other vehicles. Each RSU shares its high resolution perception data with vehicles A, B, and C.

2.
Each vehicle obtains the information of the surrounding environment that cannot be obtained only from local sensors and also obtains the planned trajectory of the other vehicles in proximity.
5.z.1.4
Post-conditions 
1.
Each vehicle utilizes the received information of high resolution perception data and/or planned trajectory of other vehicles as predictive information for its driving.

2.
Road safety and traffic efficiency is improved.

5.z.2
Potential requirements

[PR-5.z.2-001]
The 3GPP system shall be capable of supporting user experienced data rate of [53] Mbps between UEs supporting V2V application.

[PR-5.z.2-002]
The 3GPP system shall be capable of supporting user experienced data rate of [50] Mbps between a UE supporting V2I application and an RSU.
[PR-5.z.2-003]
The 3GPP system shall be capable of transferring messages between two UEs supporting V2V application, directly or via an RSU, with a maximum application-layer end-to-end latency of [100] ms.
[PR-5.z.2-004]
The 3GPP system shall be capable of transferring messages between a UE supporting V2I application and an RSU with a maximum application-layer end-to-end latency of [100] ms.
[PR-5.z.2-005]
The 3GPP system shall be capable of supporting high reliability without requiring application-layer message retransmissions.
[PR-5.z.2-006]
The 3GPP system shall be capable of supporting a communication range sufficient to give the predictive information to the vehicles in proximity (e.g. [5] sec * (maximum relative speed) [m/s]). 
NOTE:
In each mobility scenario, [5] sec * (maximum relative speed) [m/s] is equal to: [139] m for the maximum relative speed of [100] km/h in urban, [278] m for the maximum relative speed of [200] km/h in sub-urban, and [347] m for the maximum relative speed of [250] km/h in Autobahn (same direction).
[PR-5.z.2-007]
The 3GPP system shall be capable of supporting a high connection density.
---------- End of the change ----------
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