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Abstract: This document proposes to update the use case of pedestrian/animal intrusion detection on a highway

1. Introduction
It is proposed to update the Clause 5.2: use case of pedestrian/animal intrusion detection on a highway.
2. Reason for Change
This contribution proposes the following changes: 
1. Changing the terminology of base station into gNB, considering this use case focusing on NR based sensing.

2. Clarifications on necessity of gNB selection of the [PR 5.2.6-2].  
In this use case, the target area to be sensed should be within the sensing field of the gNBs. The suitable gNBs around/along a highway are selected to order to meet the request from the supervision departments for the sensing service. Therefore, it is necessary to select suitable gNBs based on the factors described in the [PR 5.2.6-2].  

3. Adding the KPIs for this use case.

4. Some editorial changes.
3. Conclusions
With these changes, the ENs can be then removed.
4. Proposal
[bookmark: specVersion]It is proposed to agree the following changes to 3GPP TR 22.837 V0.1.0.


* * * First Change * * * *
[bookmark: _Toc104210757][bookmark: _Toc104210771]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	W. Favoreel, "Pedestrian sensing for increased traffic safety and efficiency at signalized intersections," 2011 8th IEEE International Conference on Advanced Video and Signal Based Surveillance (AVSS), 2011, pp. 539-542, doi: 10.1109/AVSS.2011.6027406.
[3]	Advances in Wildlife Crossing Technologies: https://highways.dot.gov/public-roads/septoct-2009/advances-wildlife-crossing-technologies.
[4]	Protection Detection: Making Roads Safe for Drivers and Wildlife: https://onlinepubs.trb.org/onlinepubs/webinars/201118.pdf.
[5]	F. Liu et al., "Integrated Sensing and Communications: Towards Dual-functional Wireless Networks for 6G and Beyond," in IEEE Journal on Selected Areas in Communications, doi: 10.1109/JSAC.2022.3156632.
[6]	T. S. Rappaport, G. R. MacCartney, M. K. Samimi and S. Sun, "Wideband Millimeter-Wave Propagation Measurements and Channel Models for Future Wireless Communication System Design," in IEEE Transactions on Communications, vol. 63, no. 9, pp. 3029-3056, Sept. 2015, doi: 10.1109/TCOMM.2015.2434384.
[7]	C. Han, Y. Bi, S. Duan and G. Lu, "Rain Rate Retrieval Test From 25-GHz, 28-GHz, and 38-GHz Millimeter-Wave Link Measurement in Beijing," in IEEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing, vol. 12, no. 8, pp. 2835-2847, Aug. 2019, doi: 10.1109/JSTARS.2019.2918507.
[8]	TEM STANDARDS TEM STANDARDS AND RECOMMENDED PRACTICE: https://unece.org/fileadmin/DAM/trans/main/tem/temdocs/TEM-Std-Ed3.pdf
[9]	ETSI TS 103 300-2: "Intelligent Transport Systems (ITS); Vulnerable Road Users (VRU) awareness; Part 2: Functional Architecture and Requirements definition; Release 2".


* * * Second Change * * * *
5.2	Use case of pedestrian/animal intrusion detection in on a highway
[bookmark: _Toc104210772]5.2.1	Description
Transportation as a basic and essential industry plays one of the important roles in a human’s life. Making transportation smarter can make life more convenient and benefit economic development. Highways are an important part of smart transportation. Due to the strong road safety demand on smart transportation, it is necessary to monitor the road situation so as to make appropriate management of road traffic, give guidance or assistance information to vehicles and/or highway traffic safety administration [2]. 
For example, major accidents caused by pedestrians or animals crossing highways occur frequently [3] [4]. Currently, the highway supervision systems are mainly based on traditional sensors (e.g. radars, cameras) equipped in the roadside infrastructure, but there are still many problems in road supervision system, e.g. it only has partial coverage along the roadside, and the radar may be dedicated for a single usage which requires deploying different types of transportation radars in the same place to satisfy the respective sense use cases and requirements in the area of interest. gNBBase stations on the roadside are already used to provide 5G coverage for communication, and the radio signals can also be used to sense the environment for object detection. The base stationgNB as transmitter and receiver knows the detailed structure of the transmitted sensing signal, such as the allocation of sensing resource, the beam direction, the time/phase/amplitude differences between the sent and received signals. The distance, angles and Doppler information (i.e. velocity) can be extracted once sensing signals are received. Thanks to the native network-wide sensing capability and feasible resource cooperation, the cellular networks can become a ubiquitous radio sensing infrastructure. 
[bookmark: _Toc104210773]5.2.2	Pre-conditions
Good partnership and cooperation are established between the road supervision department and Mobile Operator#A in City#B. Requested by the supervision departments for the sensing service, the suitable base stationgNBs around/along a highway are selected, which enable Mobile Operator#A to constantly sense the road situation including moving objects (e.g. vehicles and pedestrians). The sensing signal emitted from the base stationgNB arrives at vehicles/pedestrians/objects on the road and is bounced (reflected) back to the transmitting base stationgNB. 
The assumption of this use case is the following:
-	There is at least 10km long and 33m wide dual three-lane carriageway, which has a central reservation to separate the carriageways, six 3.75m wide lanes and two 3.00m wide shoulders to permit emergency stops [8]. 
-	The size and typical velocity of traffic participant 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]

	Vehicle
	4m x 1.75m x 1.5m

	60km/h - 120km/h



As described in the figure 5.2.2-1, when the pedestrian/animal standing at the outermost side of the shoulder starts walking on the traffic lane, it means the highway intrusion happens. The distance that pedestrian/animal move perpendicular to the traffic lane ( i.e. y direction in the figure 5.2.2-1) is more sensitive for road safety, compared to the distance parallel to the traffic lane ( i.e. x direction in the figure 5.2.2-1). 
[image: ]
Figure 5.2.2-1: Intrusion detection on a dual three-lane carriageway



[bookmark: _Toc104210774]5.2.3	Service Flows
[image: ]
Figure 5.2.3-1: Pedestrian/animal intrusion detection
1. Fei is a tourist, who is taking a taxi to enjoy the view around the highway in City#B. The base stationgNBs around/along the highway constantly sense the road situation. While the taxi is driving on the highway, Fei rolls down the window to take some pictures. Suddenly his mobile phone falls out the window.
2. Fei tells the driver to stop and cautiously gets out of the taxi. He crosses the highway and wants to find his mobile phone. Meanwhile, some animals (e.g. sheep and deer) from a farm near the highway approach the road. More and more surrounding vehicles are passing at very high speed. The pedestrian and animals are detected and closely tracked with sufficient accuracy in the sensing area of a base stationgNB, and then the sensing measurement is transferred to the core network from the base stationgNB and further processed into the sensing results in the core network.
3. The sensing results are exposed by the Mobile Operator#A to the road supervision departments and map provider. The map provider adds the position of the vulnerable pedestrian and animals into the HD dynamic maps and transmits warning messages to the vehicles approaching them. RSUs are connected to the traffic control centre for management and control purposes. RSUs transmit warning messages to the vehicles approaching them. The staff working for supervision departments immediately responds to the emergency, launching temporary traffic management, and rushes to the emergency site to fetch the mobile phone for Fei and drive the animals away from the highway. 
4. Finally, Fei and animals leaves the highway safely. Potential road accident(s) caused by the pedestrian/animal intrusion are avoided. 
[bookmark: _Toc104210775]5.2.4	Post-conditions
Thanks to the area-coverage, long-distance sensing capability of the base stationgNB (which provides a bird’s-eye-view for monitoring the highway environment) the precision and efficiency of highway management and safety supervision is improved. The network-based sensing can provide timely, continuous, accurate, and comprehensive sensing results, which is a reliable basis for highway safety services.
[bookmark: _Toc104210776]5.2.5	Existing features partly or fully covering the use case functionality
None.
[bookmark: _Toc104210777]5.2.6	Potential New Requirements needed to support the use case

[PR 5.2.6-1] The 5G system shall be able to support a base stationgNB to perform sensing.
[PR 5.2.6-2] The 5G system shall be able to support means to select suitable base stationgNB(s) to perform sensing, e.g. based on the base stationgNB’s location, sensing capability, and the sensing service information requested by trusted third party application. 
 Editor’s Note: The [PR 5.2.6-2] is FFS.
[PR 5.2.6-3] The 5G system shall be able to support means to configure the sensing operation of a base stationgNB(e.g. authorization, sensing activation and/or deactivation, sensing duration, sensing accuracy, target sensing area). 
[PR 5.2.6-4] The 5G system shall be able to support means to enable a base stationgNB to transfer sensing measurement data to the core network. 
[PR 5.2.6-5] The 5G system shall be able to support means to enable the core network to process sensing measurement data for obtaining sensing results. 
[PR 5.2.6-6] Based on operator’s policy, the 5G system shall provide the information regarding sensing results to expose a suitable API to a trusted third party to provide the information regarding sensing results.
[PR 5.2.6-7] The 5G system shall be able to support charging data collection for the sensing services (e.g. considering service type, sensing accuracy, target area, duration) requested by a trusted third party application.
Editor’ note: The terminology of base stationgNB in the requirements is FFS.
Editor’ note: The KPIs for this use case are FFS.
[PR 5.2.6-8] The 5G system shall be able to support the following KPIs: 
Table 5.2.6-1: Performance requirements for pedestrian/animal 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 highway
(Note 1)
	≤1m
(Note 2)
	-
	-
	-
	-
	-
	˂5s
(Note 3)

	≥10Hz
(Note 4)


	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. 
Note 2: the safe distance between pedestrian/animal and road is 2m[9].  
Note 3: the sensing time needed to warn/act on the traffic participants is 5s[9].
Note 4: for collision avoidance purposes, the typical sufficient data sampling rate is 10 Hz[9].





* * * End of Change * * * *
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