3GPP TSG-SA WG1 Meeting #101 
S1-230146
Athens, Greece, 20 – 24 Feb, 2023                                            (revision of S1-22xxxx)

Title:
New use case: intersection detection for a Smart Traffic Light
Draft Spec:
3GPP TR 22.837 0.3.0

Agenda Item:
7.1

Source:
CMCC
Contact:
Junan Peng (junanpeng@chinamobile.com)

Abstract: This document proposes a new use case for intersection detection for a Smart Traffic Light.

1. Introduction

This paper is a new use case about intersection detection for a Smart Traffic Light.  5G NR-based Smart Traffic Light solution can leverage base station NR signals to spot approaching vehicles/Pedestrians/cyclists/motorcyclists on intersection and then convey this information to 5GC, then 5GC can expose this information to the traffic light management system to dynamically adjust traffic light timing to keep vehicles flowing as smoothly as possible.
2. Reason for Change

This contribution proposes a new use case for supporting intersection detection for a Smart Traffic Light.  The use case can reasonably demonstrate how to use NR based sensing for smart traffic light. Besides, the sensing information will be opened to public security apps (traffic light management system), so there are special concerns on sensing measurement/information security and protection. 
3. Proposal

It is proposed to agree to put the new use case to 3GPP TR 22.837 v0.3.0.
**************** First Change ******************
5  Use cases

5.x.
Use case on intersection detection for a Smart Traffic Light
5.x.1
Description

If you're a driver in a city or suburban area, it's likely that you've experienced the frustrating experience of being stuck in a long line of vehicles at a traffic light. You wait for what seems like forever until the red light turns to green light and the cars and trucks slowly start to move through the intersection, and then you grind to a halt again when the light turns yellow and then red. Once it's finally your turn to get across the intersection, you may only get to roll a few hundred meters before you're confronted by another light about to turn red.  road rage is real and the frustration seems to be mounting every day. 

Numerous companies are pushing smart traffic light technology. Smart traffic light is a vehicle traffic control system that combines traditional traffic lights with an array of sensors to intelligently route vehicle and pedestrian traffic. which can use cameras, and radar lidar in the pavement to spot approaching vehicles and adjust traffic light timing. 

Unfortunately, it is very expensive to deploy these smart Traffic Light Systems in cities to cover intersections by traditional sensing means, such as Radar, Lidar, and Cameras. According to the U.S. Department of Transportation, the cost of deploying certain Intelligent Transportation Traffic light technologies is upward of $20,000 per intersection. Till now, only some important intersections are deployed with the above smart traffic light system due to high cost. 

Thanks to the 5G NR-based sensing, the base station as transmitter and receiver can constantly sense the intersection situation. 5G NR-based solution will leverage base station NR signals to spot approaching vehicles/Pedestrians/cyclists/motorcyclists and then convey this information to 5GC, then 5GC can expose this sensing information to the traffic light management system to dynamically adjust traffic light timing. Base stations monitor incoming traffic and continuously assist to adjust their timing to keep vehicles flowing as smoothly as possible. update the timing of lights every few minutes based on recent traffic. Compared to traditional smart traffic light solutions, there is no need for extra expensive radar, LiDAR, or camera devices. It will significantly reduce the cost of the whole solution.  Besides, 5G base stations have been deployed in cities on the large scale, which means that it is super easy to deploy NR signal-based smart traffic lights in the whole city.  Time to Market is very short. Besides, the smart Traffic light will become even more important once driverless autonomous vehicles come into wide use, which transportation experts predict will occur over the next several decades.
The assumption of this use case is the following:

-
The size and typical velocity of traffic participants are described in Table 5.x.1-1. 

Table 5.x.1-1

	
	Size

(Length x Width x Height) 
	Typical velocity

	Pedestrian

(Adult)
	0.5m x 0.5m x 1.75m
	5km/h 

	Cyclist
	2m x 0.5m x 1.75 m


	10km/h 

	motorcyclist
	2.5m x 0.75m x 1.5m


	15km/h - 60km/h

	Vehicle
	4.5m x 1.75m x 1.5m


	15km/h – 60km/h


5.x.2
Pre-conditions
5G NR based base stations have been deployed on the main intersections in the city A, and the city traffic supervision department and Mobile Operator #B in City #A have good partnership and cooperation. City traffic supervision decides to request Mobile Operator #B to help deploy Smart Traffic Light solution based on 5G NR sensing solution to constantly sense the intersection situation including moving objects (e.g., vehicles, pedestrians, cyclists, motorcyclists). The NR sensing signal from the base station arrives at vehicles/pedestrians/objects near the intersection and is reflected to the transmitting base station.

5.x.3
Service Flows
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Figure 5.x.3-1: 5G NR based Smart Traffic Light
Tom is living in City # A.  At midnight, His father feels uncomfortable very much.  He decides to take his father to hospital emergency to see a doctor.  Tom is living on the east side of City #A.   Hospital is on the west side with about 18km distance. He must across the city from east to west.  Normally, taking waiting traffic light time into consideration, Tom must spend at least 30 mins to reach hospital. 

When Tom is reaching the first cross intersection, near Base Station detects that there is no traffic at all in the north and south direction. And it also detects that Tom’s vehicle is approaching the intersection 200 meters far away from east to west, so it reports the situation to Smart Traffic Light System via 5GC.  Smart Traffic Light System set the green light in the east and west directions and the red light in the north and south direction in advance. From Tom’s perspective view, he is lucky to have the green light to pass through the first intersection quickly. 

It is midnight, and there are fewer vehicles on the road. Most of the intersections are keeping green light for Tom because of Smart Traffic Light based on NR sensing solution. 

The driving experience is so wonderful that Tom just spent about 15 mins to arrive at the hospital quickly. He meets almost all the green lights at the crossroads.   

Tom’s father gets treatment from a doctor timely. Later, the doctor tells Tom that his father has some bleeding in the brain because of a broken artery caused by high blood pressure.  If his father arrives at the hospital 15 minutes later, then maybe some worse things would happen. 

5.x.4
post-conditions

NR-based sensing doesn’t need extra sensing devices, which can significantly save the cost of the whole solution.  and it can provide timely, continuous, accurate, and comprehensive sensing results, which is a reliable basis for smart traffic light solutions.
5.x.5
Existing features partly or fully covering the use case functionality

None.

5.x.6
Potential New Requirements needed to support the use case

[PR 5.x.6-1] Subject to network operator policy and national or regional regulations, the 5GS shall support a mechanism to authorize base station entities to acquire NR-based sensing measurement data based on location, time, etc. 

[PR 5.x.6-2] The 5G system shall be able to support a security mechanism for sensing measurement date collection, e.g.  distinguish the fake sensing measurement data from fake base station and generate alarms.
[PR 5.x.6-3] The 5G system shall provide a sensing information protection mechanism, especially for scenario of feeding sensing information to third public security applications, in order to avoid malicious public security attacks by manipulating sensing information.
[PR 5.x.6-4] The 5G system shall be able to support means to enable the core network to process sensing measurement data for obtaining sensing results.
[PR 5.x.6-5] The 5G system shall be able to support charging data collection for the sensing services requested by a trusted third-party application.

[PR 5.x.6-6] The 5G system shall be able to support the following KPIs:

Table 5.x.6-1
Performance requirements of sensing results for pedestrian/animal intrusion detection

	Scenario
	Sensing service area
	Confidence level [%]
	Accuracy of positioning estimate by sensing (for a target confidence level)
	Accuracy of velocity estimate by sensing (for a target confidence level)
	Sensing resolution
	Max sensing service latency[ms]
	Refreshing rate [s]
	Missed detection [%]


	False alarm [%]



	
	
	
	Horizontal

[m]
	Vertical

[m]
	Horizontal

[m/s]
	Vertical

[m/s]
	Range resolution

[m]
	Velocity resolution (horizontal/ vertical)

[m/s x m/s]
	
	
	
	

	Smart Traffic Light
	Outdoor (intersection)


	95
	≤1
	N/A
	0.5m/s
	N/A
	N/A
	N/A
	≤1500
	≤ 1
	≤5
	≤5

	


************* End of First Change ***************
