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Abstract: This document proposes a new use case about railway intrusion detection.

1. Introduction
Proper monitoring of railway environment is important to ensure railway safety. The early detection of possible dangers due to intrusion of unauthorized persons and animals on the railroad becomes essential. Traditional mechanism of railway monitoring using fibre optic sensing techniques is costly and requires manual intervention, making it very difficult to meet the increasing demand for railway monitoring. 
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Figure 1: Railway pedestrian intrusion [1]
Thanks to the 5G NR based sensing, the gNB as transmitter and receiver along the railway can constantly sense the railway situation such as railway intrusion.
2. Reason for Change
This contribution proposes a new use case about railway intrusion detection. 
3. Proposal
It is proposed to agree the following changes to 3GPP TR 22.837 v0.1.0.
4. Reference
1.       Guo B, Shi J, Zhu L, et al. High-speed railway clearance intrusion detection with improved SSD network[J]. Applied Sciences, 2019, 9(15): 2981.

* * * First Change * * * *(All new changes)
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* * * Second Change * * * *
5	Use cases
5.4	Use case of sensing for railway intrusion detection
[bookmark: _Toc355779204][bookmark: _Toc354586742][bookmark: _Toc354590101]5.4.1	Description
With the rapid development and large-scale operation of high-speed railway technology, the speed of trains has been continuously improved (up to 500 km/h), and the safety management of trains has become more and more important. The early detection of possible dangers due to intrusion of unauthorized persons and animals on the railroad becomes essential [8]. The railway intrusion always happens suddenly and randomly, so the time and location of occurrence are difficult to predict. Traditional mechanism of railway monitoring using fibre optic sensing techniques is costly and requires manual intervention, making it very difficult to meet the increasing demand for railway monitoring [9].
[bookmark: _Toc355779205][bookmark: _Toc354586743][bookmark: _Toc354590102]5.4.2	Pre-conditions
Good partnership and cooperation are established between Railway Operator#A and Mobile Operator#B. Requested by Railway Operator#A, the suitable gNBs around/along a railway are selected, which enable Mobile Operator#A to constantly sense the railway including moving objects (e.g. pedestrians). The sensing signal emitted from the gNB arrives at objects and is bounced (reflected) back to the transmitting gNB.
The assumption of this use case is the following:
-	There is at least 300km mountainous train line as depicted in the figure 5.4.2-1[10] owned by Railway Operator#A. The safe place is a place where a person and their equipment cannot be struck by rail traffic, which is used for minimizing damage caused by possible railway accident or crash and for ensuring safe operation of railway. The danger zone is anywhere within 3m horizontally from the nearest track.
-	The size and typical velocity of traffic participant in this use case is described in the Table 5.2.2-1. 
Table 5.2.2-1
	
	Size
(Length x Width x Height) 
	Typical velocity

	Pedestrian
(Adult)
	0.5m x 0.5m x 1.75m

	5km/h [9]

	Animal
(Sheep/deer)
	1.5m x 0.5m x 1 m

	5km/h [9]

	Trains
	24m x 3.5m x 3 m

	100km/h - 350km/h



When the pedestrian/animal standing at the outermost side of safe place starts walking on the danger zone, it means the intrusion happens. The distance that pedestrian/animal move perpendicular to the railway track is more sensitive for road safety, compared to the distance parallel to the railway track.
[image: ]
Figure 5.4.2-1

[bookmark: _Toc355779206][bookmark: _Toc354586744][bookmark: _Toc354590103]5.4.3	Service Flows
[image: ]
Figure 5.4.3-1: Railway intrusion detection
1. The gNBs owned by Mobile Operator#B are installed around/along the railway. A train of Railway Operator#A starts running into a mountainous area. In order to acquire the sensing information of railway monitoring at the mountainous area, the Railway Operator#A requests sensing service from Mobile Operator#B. The Mobile Operator#B configures the gNBs along the train line to perform sensing
2. Suddenly, some pedestrians/animals step out of the guardrail and walk on the danger zone. The gNBs constantly sense the railway. The sensing measurement data is reported from gNBs and further processed into the sensing results in the core network. The Mobile Operator#B exposes the sensing results to the Railway Operator#A according to the required latency requirement. Based on the sensing results, the location of pedestrians/animals can be estimated.
3. The Railway Operator#A alarms the train driver and instructs the driver to stop running or drive on another the railway tracks. In addition, the staff working for Railway Operator#A immediately responds to the emergency. The pedestrians/animals leave the danger zone safely and the broken guardrail is repaired. All the passengers who are on the train arrive the destination safely.
5.4.4	Post-conditions
The efficiency of railway management and safety supervision is improved.
[bookmark: _Toc355779209][bookmark: _Toc354586747][bookmark: _Toc354590106]5.4.5	Existing features partly or fully covering the use case functionality
None.
5.4.6	Potential New Requirements needed to support the use case
[PR 5.4.6-1] The 5G system shall be able to support the following KPIs:
Table 5.4.6-1: Performance requirements for railway intrusion detection
	Scenario
	Distance Accuracy
([95%] confidence level)
	Velocity Accuracy
([95%] confidence level)
	Resolution
	Max allowed Sensing service latency
	Refreshing rate

	
	Horizontal Accuracy 
	Vertical Accuracy
	Horizontal Accuracy
	Vertical Accuracy
	Horizontal Resolution
	Vertical Resolution
	
	

	Pedestrian/animal intrusion detection on a railway (Note 1)
	≤1.5m
(Note 2)
	-
	-
	-
	-
	-
	˂1.5s
 (Note 3)

	≥10Hz


	Note 1: the typical size (Length x Width x Height) of pedestrian is 0.5m x 0.5m x 1.75m and the typical size of animal is 1.5m x 0.5m x 1 m. The length of railway depends on the real environment. 
Note 2: the width of the danger zone horizontally from the nearest track is within 3m.
Note 3: in order to ensure passenger safety if any hazardous situation is detected, this is the latency for 5G system to sense the intrusion and report the sensing information on the presence of a pedestrian/animal to railway management departments.




* * * End of Change * * * *
3GPP
image1.png




image2.png
%
N

‘41001‘}( ‘6 foot' »“4'001' ‘4 6 foot

-

3 metres





image3.png
Core
Networl

Railway Intrusion Detection

((<‘>))

Iy

o T

Safe place % @
Danger zone X 4—%

v





