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3.2
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

CACC
Cooperative Adaptive Cruise Control 
LoA
Level of Automation
RSU
Road Side Unit
V2I
Vehicle to Infrastructure

V2V
Vehicle to Vehicle
4
Overview

A basic set of requirements for EPS to support V2X applications have been specified in [25]. These requirements are considered sufficient for vehicles (i.e., UEs supporting V2X applications) to exchange their own status information, such as position, speed and heading, with other nearby vehicles, infrastructure nodes and/or pedestrians. Also, these requirements fulfil the need to disseminate imminent warning messages to nearby entities in time. The capability of EPS to support these requirements will expedite the adoption of 3GPP connectivity by vehicles.

Despite the basic set of requirements for 3GPP system to support V2X service, it is considered growingly important among telecommunication industry and automotive industry that its evolution is necessary. Because automotive industries have begun to see V2X applications beyond unidirectional distribution of status information of vehicles, the 3GPP system needs to increase its capability enough to meet KPIs that emerging V2X applications require. That is, as V2X applications advance, transmission of short messages about vehicles’ own status data will be complemented with transmission of larger messages containing raw sensor data, vehicles’ intention data, coordination and confirmation of future manoeuvre and so on. For these advanced applications, the expected requirements to meet the needed data rate, reliability, latency, communication range and speed are made more stringent.
A relevant aspect of advanced V2X applications is the Level of Automation (LoA), since it reflects the trustworthiness of the system and therefore affects the performance requirements. In accordance with the levels from SAE [40] and NHTSA [41], the LoA are: 0 – No Automation, 1 – Driver Assistance, 2 – Partial Automation, 3 – Conditional Automation, 4 – High Automation, 5 – Full Automation. A distinction is drawn between Levels 0-2 and 3-5 based on whether the human operator or the automated system is primarily responsible for monitoring the driving environment. (NHTSA released in 2013 a formal classification system with levels of automation 0-4 [42]. The NHTSA abandoned this system when it adopted the SAE standard [40] in September 2016 [41], which are equivalent to the introduced LoA in this document)

5.5
Automated cooperative driving for short distance grouping

5.5.1
Description

5.5.1.1
General

Cooperative driving allows a group of vehicles to automatically communicate to enable lane changing, merging, and passing between vehicles of the group and inclusion/removal of vehicle in the group in order to improved safety and fuel economy.

This use case is pushed by automotive industry because the reduced aerodynamic drag would result in greater fuel economy and a reduction in greenhouse gas emission.  For all vehicle classes, close following from vehicle-to-vehicle communication and coordination allow more efficient use of the roadway, alleviating congestion and enhancing safety.  It is foreseen, that the gap between vehicles will become much smaller, exceeding the response capability of the driver while improving the consumption of gasoline and improving the utilisation of the roads even more.

Automated Cooperative Driving requires far more automation than Cooperative Adaptive Cruise Control (CACC) described in Rel-14 V2X. CACC provides longitudinal control of vehicle motions, while the driver remains responsible for the steering control. CACC is an instantiation of Level 1 automation on both the SAE (Society of Automotive Engineers) [40] and NHTSA (The National Highway Traffic Safety Administration) scales [41] of automated driving; alternately, it is called "Assisted Driving" by BASt.(German Federal Highway Research Institute) and similarly, "Driver Assistance" by SAE.  Automated Cooperative Driving provides ‘tighter’ or lower latency longitudinal control to enable a leader to communicates and coordinates with a group of vehicles, which enables close following.  Moreover, Automated Cooperative Driving may in add lateral control, or higher levels of automation.  The Automated Cooperative Driving conceptual framework allows innovative use of communications access in solving complex road traffic scenarios without driver intervention. Automated Cooperative Driving therefore enables SAE Level 2 through 5 automation ([10], [40])

5.6
Collective perception of environment
5.6.1
Description

5.6.1.1
General
Vehicles can exchange real time information (based on vehicle sensors information) among each other in the neighbour area. This kind of information exchange leads to Collective Perception of Environment (CPE), which can enhance the perception of environment of vehicles to avoid accidents [15]. 

9.840 cars are considered per kilometre in the scenario with high vehicle density related to congested traffic road on US Freeway with 5 lanes in each direction (or 10 lanes total per highway), and up to 3 highways intersecting.

The information exchange has following characteristics:
-
The information traffic should at least consist of 1600 payload byte to enable transmission of information related to 10 detected objects in order to support information from local environment perception and the information related to the actual vehicle status [16].

-
The information shall be able to track changes in the environment by many other cars, with repetition rate of at least 5-10 Hz [16]. The update rate is chosen high enough such that the vehicle velocity vector does not change too much between updates. The information generated by each vehicle has to be delivered to all the neighbouring vehicles within the specified range (urban 50 m, rural 500 m, highway 1000m) [16].
Both traffic types (periodic and event driven) can exist at the same time. 

There will be two Phases in Collective Perception of Environment (CPE), we can have two sets of KPIs for the two Phases, 1st Set of KPIs for Phase I and 2nd Set of KPIs for Phase II:

-
Phase I: CPE addresses the use case where road users not able to periodically transmit messages for ITS services are detected and classified by other road users already equipped with 3GPP technology for ITS. These road users periodically transmit the information like object classification, speed, direction etc. detected with the local sensors. The pre-processed sensor information is used to enhance the environment perception with the overall goal to increase the benefit from 3GPP technology for ITS even in a not fully developed market. Requirements on 3GPP [15]: Packet size 1600 byte, radio latency 100ms, 99% reliability [16].

-
Phase II: CPE lays down the baseline for a set of cooperative automated driving use cases (e.g. automated forward collision avoidance, overtaking and lane changing) [14]. Phase II goes beyond road users’ detection and classification [15], the aim is to achieve an all-around view [14]. Sensor data information is shared to increase the limited sensor horizon to detect objects and obstacles in areas not visible to the local sensors e.g. behind crests, curves or objects behind the corner of houses [14]. These sensor data are used to control the vehicle without the human driver. Sensor data must be sent either in low resolution as pre-processed data or high resolution as raw data dependant on the scenario. Raw data are needed for liability reasons in case of accidents, for distributed verification of local and remote sensor data, furthermore to achieve accurate map merging as well as object localization [14]. Mobile communication performance significantly impacts the accurate environment modelling [15].  Requirements on 3GPP: Pre-processed data 50Mb/s, raw data 1Gb/s [17], [18], [38], [39], packet size 1600 byte, radio latency 3ms [14] [17], reliability (emergency 99.999%) [5], otherwise 99.99% [19].
5.10
Information sharing for conditional automated driving

5.10.1
Description
5.10.1.1
General
This use case is interpreted as an automated driving at the level of e.g. SAE Level 3 automation (and SAE Level 2 automation) [40], where non-short inter-vehicle distance (e.g. >2sec * vehicle speed) is assumed and abstracted/coarse data exchange is sufficient.

NOTE 1:
See subsections "1. Assisted driving" and "2. Autonomous/ cooperative driving" in section 2.4 of [20] for general concepts under use cases 5.10.1 and 5.11.1.

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

NOTE 2: 
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.

NOTE 3:
Cooperative manoeuvre is defined in general as sharing driving intention information (coarse and/or high resolution) using V2X 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.

NOTE 4:
[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. [20]) The message transmission rate [10] messages/sec comes from assumption that a transmitter vehicle and RSU generate a new message every [100] ms. (cf. [22])

NOTE 5:
Broadcast or multicast, periodic (or event-triggered) is assumed.

-
End-to-end latency: low
NOTE 6:
Low application-layer end-to-end latency is required (e.g. [100] ms) (cf. [20]).

-
Reliability: High reliability
-
Communication range: [10] sec * (maximum relative speed [m/s]) (cf. [21])
NOTE 7:
In SAE Level 3 automation [40], 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. [23])
5.11
Information sharing for high/full automated driving

5.11.1
Description
5.11.1.1
General
This use case is interpreted as an automated driving at the level of e.g. SAE Level 4 and Level 5 automation [40], 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.

NOTE 1:
[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. [20]) 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. [22])

-
End-to-end latency: low

NOTE 2:
Low application-layer end-to-end latency is required (e.g. [100] ms) (cf. [20]).
-
Reliability: High reliability
-
Communication range: [5] sec * (maximum relative speed [m/s]) (cf. [21]) 

NOTE 3:
In SAE Level 4 and Level 5 automation (cf. [23] [40]), the automated driving system is expected to be available for control without human intervention. To this end, the vehicle needs to obtain predictive information of environments sufficient ahead (e.g., [5] sec ahead). (cf. [24])
5.12
Information sharing for conditional automated platooning

5.12.1
Description
5.12.1.1
General
This use case is interpreted as an automated platooning at the level of e.g. SAE Level 3 automation [40], where short inter-vehicle distance (e.g. <2sec * vehicle speed) is assumed and abstracted/coarse data exchange is sufficient.
NOTE 1:
See subsections "1. Assisted driving" and "2. Autonomous/ cooperative driving" in section 2.4 of [20] for general concepts under use cases 5.12.1 and 5.13.1.

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

NOTE 2: 
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.

NOTE 3:
Cooperative manoeuvre is defined in general as sharing driving intention information (coarse and/or high resolution) using V2X 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: [2.5] Mbps per link for cooperative perception. [0.25] Mbps per link for cooperative manoeuvre.

NOTE 4:
[2.5] Mbps is derived from: 60 byte/object, 100 objects, [50] messages/sec. [0.25] Mbps is derived from: few 100 bytes (e.g., 500 byte) / message, [50] messages/sec. (cf. [20]) The message transmission rate [50] messages/sec comes from assumption that a transmitter vehicle and RSU generate a new message every [20] ms. (cf. [22])

NOTE 5:
Broadcast or multicast, periodic (or event-triggered) is assumed.

-
End-to-end latency: low

NOTE 6:
Low application-layer end-to-end latency is required (e.g. [20] ms) (cf. [20]).
-
Reliability: High reliability
-
Communication range: [10] sec * (maximum relative speed [m/s]) (cf. [21]) 

NOTE 7:
In SAE Level 3 automation [40], 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. [23])

5.13
Information sharing for high/full automated platooning
5.13.1
Description
5.13.1.1
General
This use case is interpreted as an automated platooning at the level of e.g. SAE Level 4 and Level 5 automation [40], where short inter-vehicle distance (e.g. <2 sec * 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. [15] Mbps per link for cooperative manoeuvre.

NOTE 1:
For cooperative perception, it is to be considered if we need messages with higher data rate instead of the messages needed for full automated driving of [50] Mbps. [15] Mbps is derived from: Planned trajectory ~12.5 Mbps (32 byte/coordinate, 10 ms resolution, 10 sec trajectory, [50] messages/sec) + other intention data. (cf. [20]) The message transmission rate of [50] messages/sec for the purpose of calculation comes from assumption that a transmitter vehicle and RSU generate a new message every [20] ms. (cf. [22])

-
End-to-end latency: low

NOTE 2:
Low application-layer end-to-end latency is required (e.g. [20] ms) (cf. [20]).
-
Reliability: High reliability
-
Communication range: [5] sec * (maximum relative speed [m/s]) (cf. [21]) 

NOTE 3:
In SAE Level 4 and Level 5 automation (cf. [23] [40]), the automated driving system is expected to be available for control without human intervention. To this end, the vehicle needs to obtain predictive information of environments sufficient ahead (e.g., [5] sec ahead). (cf. [24])
7.2.2
Requirements for platooning

[CPR.P-001]
The 3GPP system shall be able to support up to 5 UEs for a group of UEs supporting V2X application.

[CPR.P-002]
For Vehicle Platooning, the 3GPP system shall be able to support reliable V2V communications between a specific UE supporting V2X applications and up to 19 other UEs supporting V2X applications.

[CPR.P-003]
The 3GPP system shall support relative longitudinal position accuracy of less than 0.5 m for UEs supporting V2X application for platooning in proximity.
Table 7.2.2-1 Performance requirements for platooning

	Communication scenario
	Payload (Bytes)
	Tx rate (Message/ Sec)
	Max latency

(ms)
	Reliabi-lity (%)
	Data rate (Mbps)
	Commu-nication

 range (meters)

	Section
#
	Description
	CPR #
	
	
	
	
	
	

	5.1
	Among a group of UEs (or two UEs) supporting V2X application
	[CPR.P-004]
	50-1200

(NOTE 1)
	30
	10

(NOTE 2)
	
	
	

	
	
	[CPR.P-005] 
	300-400 
	30
	25
	90
	
	

	5.2
	Between UE supporting V2X application  and RSU via another UE supporting V2X application
	[CPR.P-006]
	[50-1200]
	2
	500
	
	
	

	5.5 
	Between UEs supporting V2X application 
	Partial/

conditional/high/full automated driving (LoA 2 to 5)
	[CPR.P-007]
	300-400

(NOTE 3)
	
	25
	90
	
	

	
	
	Conditional/high/full automated driving (LoA 3 to 5)
	[CPR.P-008]
	1200
	
	10
	99.99
	
	80

	5.12, 5.13
	Between UEs supporting V2X application 
	Partial/

conditional automated driving (LoA 2 to 3)
	[CPR.P-009]


	[6500]
	50
	[20] 
	
	
	[10] sec * (max. relative speed) [m/s]

	
	
	High/full automated driving (LoA 4-5)
	[CPR.7.P-010] 
	
	
	[20] 
	
	[65]
	[5] sec * (max. relative speed) [m/s]

	5.12, 5.13
	Between  UE supporting V2X application and RSU
	
Partial/conditional automated driving (LoA 2 to 3)
	[CPR.7.P-011] 


	[6000]
	50
	[20] 
	
	
	[10] sec * (max. relative speed) [m/s]

	
	
	High/full automated driving (LoA 4 to 5)
	[CPR.7.P-012] 
	
	
	[20]
	
	[50]
	[5] sec * (max. relative speed) [m/s]

	NOTE 1:
This value does not including security related messages component.

NOTE 2:
This value is end-to-end latency. 

NOTE 3:
This value is applicable for both triggered and periodic transmission of data packets.


7.2.3
Requirements for advanced driving 

Table 7.2.3-1 Performance requirements for advanced driving

	Communication scenario
	Payload (Bytes)
	Tx rate (Message/Sec)
	Max latency

(ms)
	Reliabi-lity (%)
	Data rate (Mbps)
	Commu-nication range (meters)

	Section
#
	Description
	CPR #
	
	
	
	
	
	

	5.9
	Between UEs supporting V2X applications


	[CPR.A-001]
	[2000]
	
	[10]
	[99.99]
	[10]
	

	5.10, 5.11
	Between UEs supporting V2X application
	
Partial/conditional automated driving (LoA 2 to 3)
	[CPR.A-002]
	[6500]
	10
	[100]
	
	
	[10] sec * (maximum relative speed) [m/s]

	
	
	High/full automated driving (LoA 4 to 5)
	[CPR.A-003]
	
	
	[100]
	
	[53]
	[5] sec * (max. relative speed) [m/s]

	5.10, 5.11
	Between the UE supporting V2X application and the RSU
	
Partial/conditional automated driving (LoA 2 to 3)
	[CPR.A-004]
	[6000]
	10
	[100]
	
	
	[10] sec * (max. relative speed) [m/s]

	
	
	High/full automated driving (LoA 4 to 5)
	[CPR.A-005]
	
	
	[100]
	
	[50]
	[5] sec * (max. relative speed) [m/s]

	5.20
	Between UEs supporting V2X application

Driver assistance / partial automated driving (LoA 1 to 2)
	[CPR.A-006
	
	
	[3]
	[99.999]
	[30]
	[500]

	5.22
	Between RSU and UE supporting V2X application
	[CPR.A-007]
	450
	50
	
	
	DL: [0.5] UL: [50]
	


7.2.4
Requirements for extended sensors

Table 7.2.4-1 Performance requirements for extended sensors

	Communication scenario
	Payload (Bytes)
	Max

latency

(ms)
	Reliabi-lity (%)
	Data rate (Mbps)
	Communication range (meters)

	Section
#
	Description
	CPR #
	
	
	
	
	

	5.3
	Between UEs supporting V2X application


	[CPR.E-001]
	
	10
	95
	Peak data rate [25]
	

	5.6
	Between UEs supporting V2X application
	 Unequipped road user
	[CPR.E-002]
	[1600]
	100
	99
	
	1000

	
	
	 Cooperative road user
	[CPR.E-003]
	
	3
	99.999
	
	200

	
	
	
	[CPR.E-004]
	
	10
	99.99
	
	500

	
	
	
	[CPR.E-005]
	
	50
	99
	
	1000

	
	
	
	[CPR.E-006]
	
	
	
	1000
	50

	5.16
	Between UEs supporting V2X application
	Driver assistance/

partial automated driving (LoA 1 to 2)
	[CPR.E-007]
	
	[50]
	90
	[10]
	[100]

	
	
	Fully automated driving (LoA 3 to 5)
	[CPR.E-008]
	
	[10]
	99.99
	[700]
	[500]


