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* * * First Change * * * *(All new changes)
[bookmark: _Toc101896235][bookmark: _Toc101896236][bookmark: _Toc25034][bookmark: _Toc66907845][bookmark: _Toc66907322][bookmark: _Toc66907580]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".
      [x]                         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.          
     [y]                         Advances in Wildlife Crossing Technologies: https://highways.dot.gov/public-roads/septoct-2009/advances-wildlife-crossing-technologies.
     [z]                         Protection Detection: Making Roads Safe for Drivers and Wildlife: https://onlinepubs.trb.org/onlinepubs/webinars/201118.pdf.

* * * Second Change * * * *(All new changes)
3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc101896237]3.1	Terms
For the purposes of the present document, the terms given in 3GPP 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 3GPP TR 21.905 [1].
sensing measurement: obtaining sensing measurement data about a target object.
sensing result: the information about a target object after processing, such as being present and object dimension, which is related to a particular sensing service.

* * * Third Change * * * *(All new changes)
5	Use cases
5.x	Use case of pedestrian/animal intrusion detection in highwaySensing for Smart Transportation
[bookmark: _Toc355779204][bookmark: _Toc354586742][bookmark: _Toc354590101]5.x.1	Description
Transportation as a basic and essential industry plays one of the important roles in a human’s life. Making the transportation smarter can make life more convenient and benefit the economic development. Highways is 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 [x]. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK3][bookmark: OLE_LINK2][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK47]For example, road traffic congestion can inevitably degrade road infrastructure and decrease travel efficiency in urban traffic networks. In addition, major accidents caused by pedestrians or animals crossing highways occur frequently [y] [z]. 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.
[bookmark: OLE_LINK48]Base stations on the roadside are already used to provide 5G coverage for communication, where and the radio signals can also be used to sense the environment for object detection. The base station 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, while providing simultaneous communication service. 
For another example, parking is also a very important part of the transportation. Struggling to find a parking space or leaving behind some important things in car may annoy the driver. A UE with sensing capability can transmit sensing signal and/or receive the reflected sensing signal to identify whether the parking space is available or whether something is left in the car without privacy issues caused by cameras. Thanks to the sensing functionality, human life can become more convenient.  
[bookmark: _Toc355779205][bookmark: _Toc354586743][bookmark: _Toc354590102]5.x.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 stations around/along the 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 station arrives at vehicles/ pedestrians/objects driving on the road and is bounced (reflected) back to the transmitting base station. 
Vehicular and parking garage can be equiped with sensing devices, which enable the vehicular and partkign garage to get more information. Using the sensing signals emitted from the sensing devices to detect the target object/area, the sensing signals bounced/reflected back is received the sensing devices. 
[bookmark: _Toc355779206][bookmark: _Toc354586744][bookmark: _Toc354590103]5.x.3	Service Flows
1)  Road traffic detection
[image: ]
Figure 5.x.3-1: Road traffic detection in the urban areas
1. The base stations owned by Mobile Operator#A are installed around/along the highway and have sensing capability. The map provider requests the sensing information of road situation from Mobile Operator#A and uses it as an input to generate a dynamic map, which is used for driving assistance. 
Bob has bought the dynamic map service and is driving on a roadway of City#B. Based on the current traffic situation shown on the dynamic map, Bob can select a preferred route to drive on Road#C. 
2. Traffic congestion always happens in some road segments including Road#C in urban areas during rush hour. The base stations constantly sense the road situation. The sensing measurement is reported from base stations to the core network in real time and will be further processed into the sensing results in the core network. The Mobile Operator#A exposes the sensing results to the traffic agency and/or the map provider. The sensing measurement is one of the data sources available to the traffic agency and/or the map provider (e.g. phone position data coming from apps, camera feeds, personnel reporting, driver reports). Based on the sensing results, the vehicles’ locations, arrival times, and speeds can be estimated on Road#C.
3. The traffic agency decide to enforce the congestion mitigation strategies, such as traffic signal control and traffic diverging. The map provider re-routes a new path for Bob, such as Road#D with short traffic flow, and updates navigation data for his car. Bob decides to leave Road#C and drive on Road#D.
4. The traffic congestion in the urban areas is mitigated quickly. The Bob arrives at the destination on time.
2)  Pedestrian/animal intrusion detection 

[image: ]
Figure 5.x.3-12: 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 stations 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 off 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 in ata very high speed. The pedestrian and animals are detected and closely tracked with sufficient accuracy in the sensing area of a base station, and then the sensing measurement is transferred to the core network from the base station 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 by the Mobile Operator#A. 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. The staff working for supervision departments immediately responds to the emergency by warning Fei off the highway, launching a 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 is are avoided. 

[bookmark: _Toc355779207][bookmark: _Toc354586745][bookmark: _Toc354590104]3)  Vehicular interior sensing devices 
[image: ]
Figure 5.x.3-3: Vehicular interior sensing devices
1. John’s vehicle has advanced interior sensing devices which can identify, through Sensing technology, many critical interior aspects to the vehicle. These sensing devices fuse data from multiple sources to reliably detect issues or anomalies which need to be reported to the driver or vehicle owner.
2. A Sensing device is installed in John’s vehicle and is provisioned for such services as left luggage detection, child presence detection, driver fatigue detection, and attention detection for control return.
3. John has driven to the airport in his vehicle and has parked, exited the vehicle, and has left his luggage in the vehicle’s boot.
4. The Sensing device detects that the vehicle has been locked with the luggage inside. The Sensing device provides this information to the vehicular on-board processing which notifies John so that he can return for the luggage.
4)  Parking space determination
[image: ][image: ]
Figure 5.x.3-4: Parking space determination
A public multi-storey parking garage has installed sensing devices throughout the concrete structure to detect the positions of people, objects, and vehicles within the garage. One deployment way is that sensing devices can be ceiling-mounted and located in such a way as to provide sensor coverage for the parking bays within the structure, where the transmitter and receiver can be co-located. Another deployment way is that some sensing devices can be ceiling-mounted and some can be mounted on the floor or wall, where the transmitter and receiver can be separately located. The data from these sensing devices is aggregated at a server which then offers a service to notify vehicles of suitable available parking spaces.
1. James wants to park his car at the public parking garage in floor #B2. His vehicle, on entering the public parking garage, queries the server for the availability of the parking bay in floor#B2.
2. The server can activate the sensing devices in floor#2 for sensing. With the aggregated sensing results, the server can send sensing results back with an addition to the dynamic map corresponding to the floor#B2 which shows the current status of parking bays in the structure.
3. James can see the available parking bays on his in-car display and choose a suitable one.
5.x.4	Post-conditions
[bookmark: OLE_LINK9]Thanks to the area-coverage, long-distance sensing capability of the base station, (which provides a bird’s-eye-view for monitoring the highway traffic and transportation environment), the precision/ and efficiency of highwayroad management and safety supervision is improved. The network basednetwork-based sensing can provide timely, continuous, accurate, and comprehensive sensing informationresults, which is a reliable basis for highway safety servicessmart transportation.
Thanks to the sensing capability of user equipment, which provides a way to make user life easier during the daily travel. The UE based sensing can also facilitate travel convenience, which boost Well-Being of human being.  
[bookmark: _Toc355779209][bookmark: _Toc354586747][bookmark: _Toc354590106]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] The 5G system shall be able to provide integrated communication and sensing services.
[PR 5.x.6-21] The 5G system shall be able to support a base station to efficiently perform sensing.
[PR 5.x.6-32] The 5G system shall be able to support means to discover and select suitable base station(s) to efficiently perform sensing, e.g. based on the base station’s location, sensing capability, and the sensing service information requested by trusted third party application from an authorized third-party. 
[PR 5.x.6-43] The 5G system shall be able to support means for an operator to configure and control the sensing operation of a base station, including authorization and management (e.g. authorization, sensing activation and/or deactivation, sensing duration, sensing accuracy, target sensing area). 
[PR 5.x.6-54] The 5G system shall be able to support means to enable a base station to transfer sensing measurement data to the core network. 
[PR 5.x.6-65] The 5G system shall be able to support means to enable the core network to process the sensing measurement data for obtaining sensing results. and 
[PR 5.x.6-6] Based on operator’s policy, the 5G system shall expose a suitable API to a trusted third party to provide the information regarding sensing resultsexpose sensing results toan authorized third-party.
[bookmark: _GoBack][PR 5.x.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 applicationan authorized third-party.
Editor’ note: The performance requirements for this use case are FFS. 
 [PR 5.x.6-8] The 5G system shall be able to support one or more devices to efficiently perform sensing.
[PR 5.x.6-9] The 5G system shall  provide suitable means for the application to discover and select other suitable devices to efficiently perform sensing, e.g. based on device’s location, sensing capability, and application request.  
[PR 5.x.6-10] The 5G system shall be able to support means to provision device with authorization and policy information in order to perform sensing operation.
[PR 5.x.6-11] The 5G system shall provide suitable means for one device to control and manage the sensing operation. 
Note: The above requirement only applies when base station is not involved in performing the sensing operation.
[PR 5.x.6-12] The 5G system shall be able to support means to enable device to locally use the sensing information or report sensing results to the application server.
[PR 5.x.6-13] The 5G system shall support sensing services with performance requirements as given in Table 5.x.6-1.
Table 5.x.6-1: Performance requirements for the use of sensing in the smart transportation scenario
	Scenario
	Sensing Range
	Direction Accuracy
	Object
Speed
	Interval between two consecutive sensing fixes
	Latency
	Sensing Distance
	Sensing Speed

	
	
	
	
	
	
	Accuracy
	Resolution
	Accuracy
	Resolution

	Road traffic detection
(Urban areas)
	
Width: 26m(4 lanes);
Width: 33m(6 lanes)
(Note 1)
	0.2°
	Up to 60km/h
	50ms -100ms
(Note 2, Note 3)
	< Interval
(Note 4)
	0.5m-1m
	0.5m-1m
	0.5m/s -1m/s
	0.5m/s – 1m/s

	Road traffic detection
(Highway)
	
	0.2°
	Up to 250km/h
	50ms
(Note 2, Note 3)
	< Interval
(Note 4)
	0.5m-1m
	0.5m-1m
	0.5m/s -1m/s
	0.5m/s – 1m/s

	Pedestrian/animal intrusion detection
	
	0.2°
	2km/h-5km/h
	50ms -100ms
(Note 2, Note 3)
	< Interval
(Note 4)
	0.5m-1m
	0.5m-1m
	0.5m/s -1m/s
	0.5m/s – 1m/s

	Vehicular interior sensors
	5m
	-
	-
	5s
	< Interval
（Note 5）
	0.5m
	0.5m
	-
	-

	Parking space determination
	100m
	5°
	-
	5s
	< Interval
（Note 5）
	1m
	1m
	-
	-

	Note 1: The width of the vehicle lane refers the document: https://unece.org/fileadmin/DAM/trans/main/tem/temdocs/TEM-Std-Ed3.pdf. The length of the vehicle lane depends on the real environment.
Note 2: Time intervals between successive sensing result reports to the authorized third-party.
Note 3:  The intention is to smoothly reconstruct the moving trajectory of the object.
Note 4: Latency from the base station to the application server via core network.
Note 5:  One way latency from UE to local application/ remote application server.



* * * End of Change * * * *
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