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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The objective of this study is to identify use cases and potential service requirements to enhance 3GPP support for V2X service in the following areas:

· -
Support for non-safety V2X services (also, referred to as “comfort service”) (e.g. connected vehicle, mobile high data rate entertainment, mobile hot-spot/office/home, dynamic digital map update)

· -
Support for safety-related V2X services (e.g. autonomous driving, car platooning, priority handling between safety-related V2X services and other services) 

· -
Support for V2X services in multiple 3GPP RATs (e.g. LTE, New RAT (NR)) and networks  environment, including aspects such as interoperability with non-3GPP V2X technology (e.g. ITS-G5, DSRC, ITS-Connect) 

In this study, V2X-related use cases and potential requirements already included in TR 22.891 will be considered and new ones could be introduced. 

The identification of use cases and potential requirements will cover both evolved LTE RAT and new 3GPP RAT (e.g. NR) and will also cover V2X operation using 3GPP RATs where there are non-3GPP V2X technologies (e.g. ITS-G5, DSRC, ITS-Connect) in use. 
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3
Definitions and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

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].



V2V
Vehicle to Vehicle
V2I
Vehicle to Infrastructure

RSU
Road Side Unit
4
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5.1
eV2X support for Vehicle Platooning

5.1.1
Description

Platooning is operating a group of vehicles in a closely linked manner so that the vehicles move like a train with virtual strings attached between vehicles. To maintain distance between vehicles, the vehicles needs to share status information such as speed, heading and intentions such as braking, acceleration, etc. By use of platooning, the distances between vehicles can be reduced, overall fuel consumption is lowered, and the number of needed drivers can be reduced.

Following aspects need to be supported for platooning.

Join/Leave

To form a platoon, vehicles need to exchange intent such as interest to form a platoon, intention to be a leader or follower of the platoon. And when a vehicle reaches a destination or has to leave the platoon, this intent should be also exchanged among vehicles of the platoon. This exchange of intent can occur at any time while the platoon is active.

Announcement/Warning

When a platoon is formed and operational, a vehicle which do not belong to the platoon should aware the existence of the platoon. Otherwise, the vehicle may move into the middle of the platoon and disrupt the operation of the platoon. Thus, the platoon should be known to other vehicles beyond the communication range among vehicles of the same platoon. 

Group communication

There are several messages that are exchanged for platoon management. E.g., vehicles of the platoon need to exchange information regarding when to take which road, whether to brake or accelerate and when, etc. At least, 30 CAM messages/seconds needs to be supported. [3]. In addition, the lead vehicle consume more fuel than other vehicles, sometime lead vehicle may request next vehicle to be a leader. This kind of communication can be done between the two vehicles without other vehicles’ involvement. 

To prevent potential security threats such as revealing of the route, these messages should be supported with confidentiality and be deciphered only by the vehicles of the platoon. In addition, due to the private nature of the messages, the communication range of these messages is from the lead vehicle to the last vehicle of the platoon, and typically line-of-sight. Because the size of the platoon can differ even on the move, resource-efficient distribution of messages for platooning and dynamic control of the distribution area of the messages should be supported.

According to [2], the distance between vehicles for high density platooning is 1 meter. When the platoon moves at 100 km/h, vehicles move 1 meter in 36 ms. Considering round-trip-time and processing delay, at least 10 ms latency should be supported.

If the platoon is too long, it will sometimes interrupt the operation of other vehicles and traffic management authority. So, there should be limit on how many vehicles can be included in a platoon. This is especially true considering that a truck can span more than 15 m.

5.1.2
Potential requirements

The following potential requirements are derived from this use case:

[PR.5.1.2-001]
The 3GPP system shall be able to control the communication range for a message based on the characteristic of the messages transmitted by a UE supporting V2X application.

[PR.5.1.2-002]
The 3GPP system shall be able to support at least [30] message broadcast by a UE supporting V2X application. 

[PR.5.1.2-003]
The 3GPP system shall be able to create/destroy a group for UEs supporting V2X application. 

[PR.5.1.2-004]
The 3GPP system shall be able to support up to [5] UEs for a group of UEs supporting V2X application. 

[PR.5.1.2-005]
The 3GPP system shall be able to add/remove a UE supporting V2X application into a group of UEs supporting V2X application. 

[PR.5.1.2-006]
The 3GPP system shall be able to support at least [30] message transfer among a group of UEs supporting V2X application. 

[PR.5.1.2-007]
The 3GPP system shall be able to support message transfer among a group of UEs supporting V2X application.

[PR.5.1.2-008]
The 3GPP system shall be able to support message transfer between two UEs belonging to the same group of UEs supporting V2X application.

[PR.5.1.2-009]
The 3GPP system shall be able to support confidentiality and integrity of message transfer among a group of UEs supporting V2X application.

[PR.5.1.2-010]
The 3GPP system shall be able to support [10] ms end-to-end latency for message transfer among a group of UEs supporting V2X application.

[PR.5.1.2-011]
The 3GPP system shall be capable of transferring messages among a group of UEs supporting V2X application with variable message payloads of [50-1200] bytes, not including security-related message component.
5.2
Information exchange within platoon 

5.2.1
Description
When the vehicles are travelling on the road, they can dynamically form a platoon. The platoon creator is responsible for platoon management. The manager should real-time updates surrounding traffic data reported by group members, and reported it to RSU; At the same time, the platoon manager should real-time receive RSU messages which include road conditions and traffic information far away from them, and share them with platoon members. All the platoon members can also share the information within the group through V2V. 

All the platoon members can obtain information through two ways. One is within platoon through V2V. Another is come from RSU which based on the platoon manager relay. All the information obtains will be used to build high-precision dynamic driving maps. Information exchange between vehicles can be the new type of “ask-response”. 

5.2.1.1
Pre-Conditions
All the vehicles support V2V communication and the platoon manager should support V2V and V2I communication. Each vehicle has a unique label for identification when interacting with others.

The platoon has more than 1 active vehicle which is driving in the same lane. All the platoon members are within the communication range with its direct neighbour which also is the platoon member.

The platoon management is responsible for platoon management and information exchange with the RSU. 

5.2.1.2
Service Flows
Vehicle A/B/C/D are within the same platoon, and vehicle A is the team manager.

Vehicle A/B/C/D sharing the surrounding real-time traffic and road information within the platoon. Vehicle A reports all the information to RSU.

Vehicle A receives traffic and road information from RSU, found there are road congestion caused by traffic accidents in the front corner of the road which are out of their V2V communication range. 

Vehicle A sharing the information to vehicle B/C/D. Vehicle B/C/D update the driving map in real time and the platoon slow down and change the route.

5.2.1.3
Post-Conditions
Vehicles within platoon can build the high-precision dynamic driving map by real-time sharing information with platoon members which can provide reliable protection for traffic safety and efficiency.

Vehicles which only support V2V can obtain dynamic information out of the V2V communication range through platoon information exchange. 

Also the vehicles without HD camera and radar can obtain the surrounding information from other platoon members.

5.2.2
Potential Requirements
[PR.5.2.2-001] The 3GPP system shall be able to support a maximum latency of [TBD]ms for the transport of V2X messages between a UE supporting V2X application and a RSU via another UE supporting V2X application. 

[PR.5.2.2-002] The 3GPP system shall be able to support the transport of [TBD] V2X messages per second between a UE supporting V2X application and a RSU via another UE supporting V2X application.. 
[PR.5.2.2-003] The 3GPP system shall be able to support the transport of V2X messages with variable payload of [TBD] bytes between a UE supporting V2X application and a RSU via another UE supporting V2X application.

5.3
Automotive: Sensor and State Map Sharing
5.3.1
Description
5.3.1.1
General
Sensor and state map sharing (SSMS) enables sharing of raw or processed sensor data to build collective situational awareness.  The concept is an extension of the Local Dynamic Map embodied in ETSI and ISO technical reports and standards [4], [5], [6], [7] with the primary difference being higher spatio-temporal fidelity, low latency and ability to transition from hyper-local to transportation link to network area of “state map” awareness.  Sensor and state map sharing would leverage properties of highly-reliable transmission and system resiliency.  This enables services such as low latency communication for precision positioning and control; such properties can enable mission critical applications such as cooperative driving (vehicle platooning), intersection safety of all road users to include pedestrians and emergency vehicle communication.  For these use cases, highly resolved sensor images do not necessarily need to be transmitted (see [8] where smart nodes perform on-board processing and data exchange for a shared or fused situational awareness, whereupon vehicles autonomously perform reasoning or tactical maneuver planning operations); however, because of the plethora of disparate connected sensors, it is anticipated that significant data bandwidth would be needed for SSMS.
Requirements:

· -
High bandwidth

· -
High reliability for fusion confidence

· -
Short latency to allow highly dynamic automated vehicle operation and emergency vehicle response

· -
High density of transmitting devices

· -
Large messages

· -
Integration of network and cloud-based information (e.g. local dynamic map.)

High precision positioning techniques should also be supported (either via local sharing, ranging or from the mobile network) because GPS may not available in dense urban scenario.
5.3.1.2
Pre-conditions

1. 1.
Vehicles A, B and C are SSMS-enabled.  Infrastructure appurtenances (constituting roadside equipment or RSE) X, Y and Z are SSMS-enabled.

2. 2.
Any combination of vehicles A, B and C and RSE X, Y and Z are in communication range

3. 3.
At least two entities within A, B, C, X, Y or Z offers SSMS services, effectively creating a SSMS group.

5.3.1.3
Service Flows

1. 1.
SSMS group members (A, B, C, X, Y, Z) share messages with common data exchange format (e.g, future extended Local Dynamic Map).  This information would include the vehicle trajectory, its planned trajectory and some combination of raw or processed/abstracted data from on-board perception sensors.

2. 2.
SSMS group member develops individual state map.

3. 3.
SSMS group member makes tactical or maneuver decision based on state map.

4. 4.
SSMS group member broadcasts maneuver decision to all others in SSMS group.

5. 5.
SSMS group member conducts maneuver decision.

6. 6.
Other SSMS group members incorporate maneuver decision broadcast and their sensors’ perception of group member maneuver into their state maps.

5.3.1.4
Post-conditions

1. 1.
Enhanced state information:  SSMS group members (A, B, C, X, Y, Z) are enabled to perform their individual movement (A, B, C) and system and roadway (X, Y, Z) operations and control functions with high degree of individual and shared situational awareness.
2. 2.
System coordination:  Enables SSMS group members to perform joint operational instructions.

3. 3.
Improved safety and operational performance.

5.3.2
Potential Requirements
All requirements are for end to end performance, defined as communications sent by source and communication received by target.

[PR-5.3.2-001]
The 3GPP system shall support less than 10ms latency between V2X applications. 

[PR-5.3.2-002]
The 3GPP system shall support message reliability of 95% between V2X applications.

[PR-5.3.2-003]
The 3GPP system shall support burst transmission of large quantities of data [TBD Mbs]

[PR-5.3.2-004]
The 3GPP system shall support efficient coordination of radio resources used for V2X communication to maximize the utilisation of the available spectrum and to ensure the required reliability.
[PR-5.3.2-005]
The 3GPP system shall support high connection density for congested traffic, estimate below is for worst case US Freeway scenario that does not include arterial roads (i.e. onramps):

5 lanes in each direction or 10 lanes total per highway, for up to 3 highways intersecting = 15,840 cars 
per mile.
5.4
eV2X support for Remote Driving

5.4.1
Description

Remote driving is a concept in which a vehicle is controlled remotely by either a human operator or cloud computing. 

While autonomous driving needs a lot of sensors and sophisticated algorithm like object identification, remote driving with human operators can be realized using less of them. For example, if on-board camera of the vehicle feeds the live video to remote human operator, human operator can easily understand the potential hazard of the vehicle without assistance of any sophisticated computing. Based on this video, the remote operator sends commands to the vehicle. 

Remote driving can different use case than autonomous driving. Buses follow pre-defined static routes and a specific lane, and stop at pre-defined bus-stops. Thus, the characteristic of operating these buses are somewhat different from what is required for operating autonomous vehicles. For these buses, live video stream includes not only outside-bus image but also inside-bus image, so remote operators additionally need to react to more diverse scenario such as passengers getting on/off the bus.

Also, when cloud computing replaces human operators, coordination between vehicles can be achieved. For example, if all the vehicles feed their schedule and destination, the cloud can coordinate which route each vehicle will take. This coordination will reduce potential traffic congestion, overall travel time, leading to better fuel efficiency.
5.4.2
Potential requirements

The following potential requirements are derived from this use case:

[PR.5.4.2-001]
The 3GPP system shall support user experienced data rate up to [5] Mbps at DL and [50] Mbps at UL for UE supporting V2X application up to [250] km/h.

NOTE:
The assumption is that H.265/ HEVC HD stream is up to 10 Mb/s and that LIDAR sensors generates ~30 Mb/s.

[PR.5.4.2-002]
The 3GPP system shall be able to control the UL and DL reliability of V2X communication, depending on the requirement of V2X application.

[PR.5.4.2-003]
The 3GPP system shall support ultra-high UL and DL reliability (99,999 % or higher) for UE supporting safety-related V2X application up to [250] km/h.

[PR.5.4.2-004]
The 3GPP system shall support end-to-end latency [5] ms between V2X application server and UE supporting safety-related V2X application up to [250] km/h.

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 and NHTSA scales 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 (Shladover 2014:5; http://www.sae.org/misc/pdfs/automated_driving.pdf .)

The Basic Safety Message broadcast and similar uses of the Cooperative Awareness Message for V2V safety generally allow a nominal 100 ms latency, since the control loop to alert humans is long.  Additionally, the V2V safety warning applications allow for reliability (PER) as low as 20%.  (See DOT HS 811 492B, Vehicle Safety Communications – Applications (VSC-A) Final Report:  Appendix Volume 1, System Design and Objective Test, pp C-2-4 and C-2-5.)

In contrast, Automated Cooperative Driving requires:

· -
Very much lower latency for message exchange

· -
Higher reliability of message exchange: communication links must operate extremely reliably to mitigate risk of vehicular crashes.
· -
Higher density of transmitting UEs

· -
Larger messages exchanged

Cooperative Short Distance Grouping (CoSdG) refers to the scenario where the distance between vehicles such as trucks are extremely small – creating a desirable form of legal tailgating. The gap distance translated to time can equivalently be as low as 0.3s or even shorter, which at 80km/h leads to almost 6.7m distance between the vehicles [10]. Driving such closely is made possible by advanced automated cooperative driving technology, in combination with a highly reliable wireless vehicle-to-vehicle communication system that enables data transmission with low latency. 
CoSdG is different than current platooning implementations summarized in [12], where ITS-G5 has been successfully used at a wide range of transmission rates (10 – 50 Hz). CoSdG envisions closer spacings and lower latency that what can reliably accomplished with alternative technologies.  CoSdG would therefore enable a marked improvement in string stability, efficiency, and ultimately safety.
· -
Reliable wireless communications are required among the vehicles in a cooperative group. Messages are exchanged between the leading vehicles and all cooperating vehicles in order to execute control actions at the same time. CoSdG may not only be operated by vehicle-to-vehicle communication, but may also be vehicle-to-infrastructure and vehicle-to-backend communication to ensure most efficient utilisation of available resources and the required reliability.

· -
CoSdG may be used together with video transmission as explained in [9]. A display panel in any vehicles share forward-facing data, while drivers of the other cooperatively communicating group are able to display the video gathered by the camera mounted on other vehicles. 

-
CoSdG enables direct control intervention in mission critical scenarios. Information loss might lead to vehicle crashes. Messages must be transmitted reliably and delivered with very low latency. The jitter must be extremely low, as the electronic control unit operates usually on data provided periodically. Multiple vehicles must be linked to the leading vehicle by the wireless connection.  When considering the mix of vehicles on the road, the number of vehicles can exceed 10.000 vehicles in scenarios with multiple lanes and multiple levels and types of roads. 
There would be two phases for CoSdG:
· -
In Phase I, a baseline is proposed with a group of vehicles driving together with a lead vehicle are driven normally by a trained professional driver, and several following vehicles driven fully automatically by the system with information exchanged between the leader and other cars allowing with small distance (longitudinal gaps) between them. The typical required transmission frequency among the vehicles is up to 40Hz, [11], translating into 25ms radio latency. Initial consideration of message exchange between vehicles in a platooning is based on CAM extension, which is around 300-400 bytes [11].
-
In Phase II, all vehicles, the lead vehicle as well as following vehicles are driven fully automatically by the system. This will, compared to Phase I, allow smaller distance (longitudinal gaps) between them, leading to further reduction of fuel consumption. This requires in Phase II a higher transmission frequency compared to Phase I. The transmission frequency is 100Hz to coordinate the driving maneuver. The radio latency is 1ms [13]
In addition, high precision positioning techniques should be supported by the mobile network to ensure the V2X information can be used even when GPS is not available, e.g. in very dense urban scenarios.
5.5.1.2
Pre-conditions

4. 1.
Vehicles A, B & C are V2V enabled

5. 2.
Vehicle A, B & C are traveling in close proximity and in V2V communication range

6. 3.
Vehicle A is traveling outside of a group and wants to join the group which includes Vehicles B & C.

5.5.1.3
Service Flows

7. 1.
Vehicle B and other group members (e. g. C) share a message with the group information (i.e. size, speed, gap policies, their positions in the group, planned trajectory, etc.).
8. 2.
Vehicle A receives messages from the group members and identifies acceptable groups based on certain criteria (i.e. speed and gap policies, size).
9. 3.
Vehicle A sends a message to members of the group requesting to join group.
10. 4.
Vehicle B decides that Vehicle A or C can join the group ahead of it and responds with a confirmation and provides a gap (if necessary).
11. 5.
All other members of the group receive messages from Vehicle A and update the group information.  
12. 6.
Vehicle A, B & C are traveling in close proximity 

13. 7.
Vehicle A, B & C continuously exchange their on-board information, which when shared constitutes actual group information.  This enables keep the optimal distance between all of the group members and to ensure safety.

14. 8.
Subsequently, the driver of Vehicle A decides to leave the group and assumes control of Vehicle A.
15. 9.
Vehicle A broadcasts a message indicating it will leave group to other members of the group. 

16. 10.
Vehicle B receives the message from Vehicle A and updates the group information

5.5.1.4
Post-conditions

4. 1.
Vehicle A leaves the group

5. 2.
Distance between vehicles has to be corrected based on updated group information

5.5.2
Potential Requirements
All requirements are for end to end performance, defined as communications sent by source and communication received by target.
The 3GPP system shall support 1st Set of KPIs in Phase I:

[PR-5.5.2-001]
The 3GPP system shall support communication latency no larger than [25 ms]

[PR-5.5.2-002]
The 3GPP system shall support over [99%] target packet delivery reliability rate

[PR-5.5.2-003]
The 3GPP system shall support triggered and periodic transmission of small data packets (e.g. 300-400 bytes) 

The 3GPP system shall support 2nd Set of KPIs in Phase II:

[PR-5.5.2-004]
The 3GPP system shall support less than [10 ms] communication latency for close vehicles (Energy ITS Japanese national project) guaranteed in high loaded network

[PR-5.5.2-005]
The 3GPP system shall support over [99.99%] target packet delivery reliability rate within [TBD m]

[PR-5.5.2-006]
The 3GPP system shall support transmission of [TBD number of] long data packets (e.g. tens of kilobit in [TBD ms]) 

[PR-5.5.2-007]
The 3GPP system shall support relative lateral position accuracy of [0.1 m]

[PR-5.5.2-008]
The 3GPP system shall support relative longitudinal position accuracy of less than [0.5 m] for close vehicle following

[PR-5.5.2-009]
The 3GPP system shall support to ensure sufficient reliability metrics are reached. 

[PR-5.5.2-010]
The 3GPP system shall support high connection density for congested traffic, estimate below is for worst case US Freeway scenario that does not include arterial roads (i.e. onramps): 

5 lanes in each direction or 10 lanes total per highway, for up to 3 highways intersecting = 15,840 cars per mile.

5.6
Collective Perception of Environment
5.6.1
Description
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 [16]. 

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 [17].

· -
The information shall be able to track changes in the environment by many other cars, with repetition rate of at least 5-10 Hz [17]. 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) [17].
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 [16]: Packet size 1600 byte, radio latency 100ms, 99% reliability [17].

· -
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) [15]. Phase II goes beyond road users’ detection and classification [16], the aim is to achieve an all-around view [15]. 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 [15]. 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 [15]. Mobile communication performance significantly impacts the accurate environment modelling [16].  Requirements on 3GPP: Pre-processed data 50Mb/s, raw data 1Gb/s [18], [19], packet size 1600 byte, radio latency 3ms [15] [18], reliability (emergency 99.999%) [5], otherwise 99.99% [20].
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Figure 5.6.1.1 Collective Perception of Environment
5.6.1.1
Pre-conditions

1. 1.
Vehicle A is not V2X enabled, Truck B and Vehicles C are V2X enabled. 

2. 2.
Vehicle C is following the Truck B on the lane from east to west. Vehicle A is travelling on the lane from west to east, on the opposite direction of Truck B and Vehicle C.
3. 3.
Vehicle A, B & C are travelling in close proximity and in V2V communication range.

4.
Vehicle C wants to overtake the Truck B.
5.6.1.2
Service Flows
1. 1.
At the beginning of the overtake manoeuvre, the Vehicle C is not able to perceive the Vehicle A.

2. 2.
Truck B detects the Vehicle A with its head sensor system and sends this environmental information via V2X Communication to Vehicle C.

3. 3.
The overtaking Vehicle C analyses the received information and gives the driver a warning of the danger.

4.
The driver interrupts his overtaking manoeuvre because of the warning.
5.6.1.3
Post-conditions

1. 1.
The potential accident has been avoided.

2.
Vehicle C tries overtaking again later when the vehicle A is travelling through and the next information shared by the Truck B shows that the traffic is safe. 
5.6.2
Potential Requirements
The 3GPP system shall support 1st Set of KPIs in Phase I:

[PR.5.6.2-001]
The 3GPP system shall be able to support [100ms] end-to-end latency for message transfer among a group of UEs supporting V2X application.

[PR.5.6.2-002]
The 3GPP system shall be able to support over [99%] target packet delivery reliability rate in [1000meters]. 

[PR.5.6.2-003]
The 3GPP system shall be able to support periodic transmission of data packets [e.g. 1600 bytes].
The 3GPP system shall support 2nd Set of KPIs in Phase II:

[PR.5.6.2-004]
The 3GPP system shall be able to support [3ms] end-to-end latency for message transfer among a group of UEs supporting V2X application.
[PR.5.6.2-005]
The 3GPP system shall be able to support [99.999%] target packet delivery reliability rate in [1000meters].
[PR.5.6.2-006]
The 3GPP system shall be able to support [50Mbps] over large distance [1000meters].

[PR.5.6.2-007]
The 3GPP system shall be able to support peak data rate of [1Gbps] for a single UE for a short period of time in range of [50meters], in case of imminent collision.
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