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Abstract: New use case “Intersection Safety Information Provisioning for Urban Driving” is proposed for eV2X applications. 
The main use case on eV2X will be automated driving in highway and urban environment. The intersection point in urban driving is densely crowded and vulnerable to traffic accident. The road safety related information in the intersection will be needed to prevent traffic accident and pass through the intersection safely. The recent EU project AUTOPILOT, which means “AUTOmated driving Progressed by Internet of Things” is research project to do automated driving pilot testing in highway and urban city. And it includes “Intersection Safety Information Provisioning for Urban Driving”, which is proposed by ETRI, Korea and primarily provides LDM (Local Dynamic Map) information to the vehicle in the intersection.

x.1   Intersection Safety Information Provisioning for Urban
Driving 

[bookmark: _Toc355779204][bookmark: _Toc354586742][bookmark: _Toc354590101]x.1.1  Description
The traffic accident occurs at the intersection where the vehicle and pedestrians are crowded. This provides safety information to the vehicles to prevent traffic accident and assist cooperative automated driving function when the vehicles pass through the intersection. Safety information at the intersection involves precise digital map, traffic signal information, pedestrian and vehicles moving status information and location information, generally expressed in LDM (Local Dynamic Map). LDM information will be downloaded into the vehicles periodically or by demand. This information will be needed to know the intersection situation and control automated vehicles (1~3) 

This service conducted by Intersection Safety Information System, which consists of road radar, traffic signal and LDM server and RSE. LDM server monitors road situation from road radar and traffic signal, and generates LDM information and delivered to V2X terminal through RSE (4). 


The 3GPP system capability to support intersection safety information provisioning can be estimated by analyzing LDM message size, the number of activated vehicles and the automated vehicle speed for the intersection traffic model

1. Intersection Traffic Model  
The intersection has 4 directions and 2 lanes for each direction. And communication coverage is 250m and 50 vehicles join communication for each direction. The maximum number of vehicles will 200 and the automated vehicles may drive at average speed 60 km/h 

2. LDM Message Size and Transmission Rate  
LDM message consists of static map information, traffic signal phase information, moving objects information (pedestrian or vehicle). The LDM message size is estimated by 400~500 bytes (Note1). And the automated vehicles moves at 60km/h and they moves 16m per a second. The transmission rate of LDM messages shall be at least 10 for safety applications and it means that LDM messages will be received by 1.6m interval. And the transmission rate of LDM messages shall be more than 50 for automated vehicle control applications and it means vehicle control step will be done by 32 cm interval.  

Note 1: The static map with the size 500m x 500m may have 300bytes approximately. The moving objects with ID and a certain speed will have less than 100byets. The total LDM message will have 400~500 bytes.                 

3. Packet Data Rate and Reliability  
Based on the given condition that there are 200 vehicles, LDM massage size is 450 bytes and message transmission rate is 100, the required data rate will be calculated by 450 bytes x 8 bits x 200 vehicles x 50 messages per second. It will be 36Mbps approximately. It needs to consider packet transmission efficiency by 60~70%. Therefore, the packet data rate will be 50Mbps. Also LDM messages are used for safety and control applications. The packet success rate of LDM messages shall support 99.999% reliability



[image: ]
RSU


(Figure 1) Concept of Intersection Safety Information System


[bookmark: _Toc355779205][bookmark: _Toc354586743][bookmark: _Toc354590102]x.1.2	Pre-conditions
1. [bookmark: _Toc355779206][bookmark: _Toc354586744][bookmark: _Toc354590103]The road radar or cameras are installed at the intersection and they will detect the movement of the vehicle and the pedestrians 

2. The LDM server will receive the location and movement information on the vehicle and pedestrian and traffic signal information, generate LDM information 


3. LDM server and RSE are connected, RSE will transmit LDM information by demand or broadcasting 

4. V2X terminal or Intersection Safety Information System may initiate radio link setup

5. V2X terminal may request LDM information

6. Intersection Safety Information System will download LDM information to vehicle

x.1.3	Service Flows
1. V2X terminal on the vehicle may initiate radio link setup to Intersection Safety Information System

2. V2X terminal on the vehicle may request LDM information to Intersection Safety Information System

3. Intersection Safety Information System will download LDM information to V2X terminal 

4. V2X terminal on the vehicle will terminate radio link setup to Intersection Safety Information System

[bookmark: _Toc355779207][bookmark: _Toc354586745][bookmark: _Toc354590104]x.1.4	Post-conditions
1. V2X terminal will receive LDM information and generate warning message to vehicle driver

2. V2X terminal generate vehicle control information for automated vehicle

3. The automated vehicle will avoid collision by vehicles or pedestrians

[bookmark: _Toc355779209][bookmark: _Toc354586747][bookmark: _Toc354590106]x.1.5	Potential Impacts or Interactions with Existing Services/Features
Intersection Safety Information System will be able to provide more accurate LDM (Local Dynamic Map) to the automated vehicle when it passes through the intersection safely. It will provide differentiated services  

-	Pedestrian alert warning 
-  Vehicle alert warning 
-  Automated vehicle control by detecting pedestrian and vehicle and traffic signal 
-	Interworking with 3GPP networks or non-3GPP networks

x.1.6	[Potential] Requirements
[PR5.1.1.5-x.1.6-001] The 3GPP system shall be able to support an average [10050 Mbps0.5Mbps] in downlink and [50Mbps] in uplink

[PR-x.1.6-001a] An RSU shall be able to communicate with up to 200 UEs data rate in dowfor intersection 0supporting a V2X LDM messages broadcastingapplication when [200] UEs join the communication in the intersection 

[PR5.1.1.5-x.1.6-002] The 3GPP systemRSU shall be able to support [10050] packet transmission frequency per a second in downlinkwith an average message size [450] bytes for intersection per?for UE supporting V2X applicationLDM messages broadcasting, where [200] UEs join the communication

[bookmark: _GoBack][PR5.1.1.5-x.1.6-003] The 3GPP system shall be able to support [99.999 %] reliability for intersection LDM messages broadcastinga UE supporting V2X application 



Assumption: The intersection has 4 directions and 2 lanes for each direction. And communication coverage is 250m and 50 vehicles join communication for each direction. 
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