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Abstract: Changes in clause 5.1 till 5.12 to accommodate sensing transmitter and sensing receiver
1. Introduction
This contripution proposes to have changes in use cases 5.1 till 5.12 to align them with using already agreed sensing transmitter and sensing receiver.
2. Reason for Change
Some of the text points out to using specific solutions, while the study should be more focused on functional requirements than requesting specific solutions.
The available agreed definitions are:
Sensing receiver: A Sensing receiver is an entity that receives the sensing signal which the sensing service will use in its operation. A sensing receiver is an NR RAN node or a UE. A Sensing receiver can be located in the same or different entity as the Sensing transmitter.
Sensing transmitter: A Sensing transmitter is the entity that sends out the sensing signal which the sensing service will use in its operation. A Sensing transmitter is an NR RAN node or a UE. A Sensing transmitter can be located in the same or different entity as the Sensing receiver.
3. Proposal
It is proposed to agree the following changes to 3GPP TR 22.837.


* * * First Change * * * *
[bookmark: _Toc120625130][bookmark: OLE_LINK1][bookmark: OLE_LINK2]5.1	Use case of intruder detection in smart home
[bookmark: _Toc100743490][bookmark: _Toc120625131]5.1.1	Description
Sensing in smart home is a kind of the typical scenarios of indoor/local-area sensing [8]. Considering people spends most of lifetime indoor, how to improve the user experience for indoor scenario is important. Nowadays, various 5G UEs, e.g. wearable device, sensor, smart phone and customer premise equipment (CPE), are deployed at home. In order to enjoy more comfortable and convenient indoor life, various devices are connected via wireless signals to build a smart home platform.
In addition to communication purposes, wireless signals can also be used for sensing, e.g., monitoring the home environment continuously.
For intruder detection in smart home scenario, due to the activities of indoor object or human, the 3GPP signal measured by UE or networksensing transmitter and sensing receiver would be influenced. By analysing and collecting the sensing information such as Doppler frequency shift, amplitude change and phase change, the behaviour of indoor object or human could be detected as shown in following figure 5.1.1-1 which takes shows sensing entity transmitter or sensing receiver that transceives (transmits and receives) the signal case as example.
. [image: ]
Fig. 5.1.1-1 An example of sensing operation of UEsensing transmitter or sensing receiver
[bookmark: _Toc100743491][bookmark: _Toc120625132]5.1.2	Pre-conditions
Mary and her husband Tom live in a house with little daughter Alice.
On every working day, Mary and Tom have to leave home to work, and Alice needs to go to school. Since the community where the house is located is not stable, Mary and Tom have concern on the safety of their property.
In order to address their concerns, considering protecting the personal privacy and save family cost, Mary sets up some 5G CPEs (i.e. UEsensing transmitters and sensing receivers) in each room at home, which support sensing functionalities.
[bookmark: _Toc355779206][bookmark: _Toc354586744][bookmark: _Toc354590103][bookmark: _Toc120625133][bookmark: _Toc100743492]5.1.3	Service Flows
Mary and her all family members travel to Hawaii in a holiday. At this time, her house is empty. Since she worries about the safety of property, she enables the sensing service on intruder detection of the 5G CPEs (i.e. sensing transmitters and sensing receivers)UE) at home.
Mary’s CPE (i.e. sensing transmitter or sensing receiver)UE) in the living room is activated to perform the sensing operation. While the 5G CPE transmit 5G signals to provide communication services at home, the reflected signals are also be received and measured at the other CPE as sensing information. The CPEs reports the sensing information to 5G network or further process locally. Via the analysing the differences between the 5G signals and the received reflected signals provided by sensing service performed by 5G system, any potential intruder will not be missed.
Also, Mary’s CPE in the living room can work with other 5G UEs in other rooms. The CPE discovers that the living room has another 5G device (i.e. UEanother sensing transmitter or sensing receiver) which could assist the sensing service as secondary device via direct device connection.  The connectivity used in this case is direct device connection, and CPE and this 5G device play as the role of transmitter and receiver, respectively. The receiver measures the 5G signal (e.g., number of detected transmission paths), then provides sensing information to 5G network or further process locally. Via the analysing the differences between the 5G signals and the received reflected signals provided by sensing service performed by 5G system, any potential intruder will not be missed.
An intruder breaks into Mary’s house someday. The sensing service provided by 5G network system assists detecting that the presence of an intruder based on analysing the change of collected signals is aligned with the known feature of the activities of indoor human, and the alarm of intruder is sent to Mary’s smart phone. Mary calls the police for help, and the property is protected.
[bookmark: _Toc355779207][bookmark: _Toc354586745][bookmark: _Toc354590104][bookmark: _Toc120625134][bookmark: _Toc100743493]5.1.4	Post-conditions
Thanks to the sensing service provided by 5G UE and network, an intruder is found when Mary is out of home.
[bookmark: _Toc355779209][bookmark: _Toc354586747][bookmark: _Toc354590106][bookmark: _Toc120625135][bookmark: _Toc100743494]5.1.5	Existing features partly or fully covering the use case functionality
None.
[bookmark: _Toc100743495][bookmark: _Toc120625136]5.1.6	Potential New Requirements needed to support the use case
[P.R.5.1.6-1] The 5G system shall provide a mechanism for an operator to authorize a sensing transmitters and sensing receiversUE for sensing, e.g., based on location.
Editor's Note:	Terminology of UE/base station needs to be adapted
[bookmark: _Hlk103851378][bookmark: OLE_LINK6][P.R.5.1.6-2] The 5G system shall support sensing transmitters and sensing receiversa UE to perform sensing measurement process based on the trusted 3rd party’s request.
[bookmark: OLE_LINK5][bookmark: OLE_LINK3][bookmark: OLE_LINK4][P.R.5.1.6-3] The 5G system shall provide mechanisms for an operator to only collect or expose the sensing information requested by a trusted 3rd party according to agreement.
[bookmark: _Hlk103851483][P.R.5.1.6-4] The 5G system shall support sensing transmitters and sensing receiversUE to perform sensing measurement process using signals received from other sensing transmitters and sensing receiversUE(s).
[P.R.5.1.6-5] The 5G system shall support sensing transmitters and sensing receiversUE to perform sensing measurement process in licensed or unlicensed band.
[P.R.5.1.6-6] The 5G system shall be able to provide the sensing service with following KPIs:
Table 5.1.6-1	Performance requirements of sensing results for intruder detection in smart home
	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]
	
	
	
	

	Intruder detection in smart home
	Indoor
	95
	≤10
	≤10
	N/A
	N/A
	N/A
	N/A
	<1000
	< 1
	< 5
	< 2

	NOTE:	The terms in Table 5.1.6-1 are found in Section 3.1.



Editor's Note:	it is FFS whether other potential requirements will be identified.
[bookmark: _Toc120625137]5.2	Use case on pedestrian/animal intrusion detection on a highway
[bookmark: _Toc120625138]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.
Base 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 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 [9].
-	The size and typical velocity of traffic participant is described in the Table 5.2.2-1. 
Table 5.2.1-1
	
	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 5.2.1-1, 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 5.2.1-1) is more sensitive for road safety, compared to the distance parallel to the traffic lane (i.e. x direction in the figure 5.2.1-1).
[image: ]
Figure 5.2.1-1: Intrusion detection on a dual three-lane carriageway
[bookmark: _Toc120625139]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 stations around/along a highway are selected as a sensing transmitter and/or a sensing receiver,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 sensing transmitterbase station arrives at vehicles/pedestrians/objects on the road and is bounced (reflected) back to the sensing receivertransmitting base station.
[bookmark: _Toc120625140]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 sensing transmitters and sensing receiversbase 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.
1. 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 sensing transmitters and sensing receiversa base station, and then the sensing measurement is transferred to the core network from the sensing transmitters and sensing receiversbase station and further processed into the sensing results in the core network.
1. 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. Alternatively, 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.
1. Finally, Fei and animals leaves the highway safely. Potential road accident(s) caused by the pedestrian/animal intrusion are avoided.
[bookmark: _Toc120625141]5.2.4	Post-conditions
Thanks to the area-coverage, long-distance sensing capability of the base station (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: _Toc120625142]5.2.5	Existing features partly or fully covering the use case functionality
None.
[bookmark: _Toc120625143]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 sensing transmitters and sensing receiversa base station to perform sensing.
[PR 5.2.6-2] The 5G system shall be able to support means to select suitable sensing transmitters and sensing receiversbase station(s) to perform sensing, e.g. based on the sensing transmitters and sensing receivers’base station’s location, sensing capability, and the sensing service information requested by trusted third party application.
[PR 5.2.6-3] The 5G system shall be able to support means to configure the sensing operation of a base station(e.g. authorization, sensing activation and/or deactivation, sensing duration, sensing accuracy, target sensing location area).
[PR 5.2.6-4] The 5G system shall be able to support means to enable sensing transmitters and sensing receiversa base station 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 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.
[PR 5.2.6-8] The 5G system shall be able to support the following KPIs:
Table 5.2.6-1	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]
	
	
	
	

	Pedestrian/animal intrusion detection on a highway
	Outdoor (Highway)
	95
	≤1
	N/A
	N/A
	N/A
	N/A
	N/A
	≤5000
	≤ 0.1
	≤5
	≤5

	NOTE: The terms in Table 5.2.6-1 are found in Section 3.1.



[bookmark: _Toc120625144]5.3	Use case on rainfall monitoring
[bookmark: _Toc100862437][bookmark: _Toc100921161][bookmark: _Toc120625145]5.3.1	Description
Rainfall monitoring is a topic of great importance for several application contexts: hydraulic structure design, agriculture, weather forecasting, climate modelling, etc. At present, the most widely used measurement method is rain gauge.
Traditional rainfall monitoring use rain gauges, which are located at a particular location. Wide-area rainfall monitoring using traditional rain gauges would be costly. The base stations are deployed by the operators with radio cell planning can be used as a sensing transmitter and/or a sensing receiver as that could cover a wider area. With base the sensing transmitter and the sensing receiver monitoring the rainfall, for example rain rate (mm/h), it could obtain a horizontally wider-area measurement.
Radio signals, as they propagate through the atmosphere, are reduced in intensity by constituents of the atmosphere. Oxygen and water vapor are the two major components which are responsible for the signal absorption. If it is a rainy day, an additional attenuation caused by rain further increases the propagation path loss. [7] The rain attenuation depends on the size and distribution of the water droplets, hence, by quantifying and modelling the sensing transmitterbase station signal measurements, we are able to know the rain rate.
The mmWave bands, such as 28GHz and 38GHz have been used to assess coverage, large-scale path loss, and fading and multipath effects [6]. Since the 28 GHz and 38 GHz bands are also licensed for wireless backhaul communications, these frequencies can used for rainfall monitoring [7].
The granularity of the rainfall monitoring could be smaller than the traditional measurements.
[bookmark: _Toc100862438][bookmark: _Toc100921162][bookmark: _Toc120625146]5.3.2	Pre-conditions
Peter is a farmer who takes care of a big farm that grows different crops. Peter needs to monitor the rainfall of his farm to manage reasonable irrigation, drainage and fertilizer. When there is less rainfall, Peter can select reasonable irrigation plans to improve the farmland water content condition. When there is high rainfall, Peter should improve the drainage system and fertilize the crops to avoid crop losses.
[bookmark: _Toc100862439][bookmark: _Toc100921163][bookmark: _Toc120625147]5.3.3	Service Flows
1. Peter has a subscription for the premium service of rainfall monitoring for a more granular location.
1. Peter is at daily working routine and wants to check the timely rainfall information from the weather application on his phone.
1. The sensing transmitters and sensing receiversbase station obtains the NR based sensing measurement data every hour and the 5G system processes the sensing measurement data to obtain sensing results and exposes the NR based sensing results to the weather application via the core network.
1. Based on the sensing results above, the application server obtains the rainfall information (i.e. rainfall and whether it is raining) associated with location information.
1. Peter obtains timely rainfall information from weather application on his phone.
[bookmark: _Toc100862440][bookmark: _Toc100921164][bookmark: _Toc120625148]5.3.4	Post-conditions
Peter could check the rainfall information at any time on his phone. Based on the timely rainfall information, Peter could plan the irrigation, drainage and fertilizer for the crops in his farm.
[bookmark: _Toc100862441][bookmark: _Toc100921165][bookmark: _Toc120625149]5.3.5	Existing feature partly or fully covering use case functionality
None
[bookmark: _Toc100862442][bookmark: _Toc100921166][bookmark: _Toc120625150]5.3.6	Potential New Requirements needed to support the use case
[PR. 5.3.6 - 001] The 5G system shall support  collection of the NR based sensing measurement data from the sensing transmitters and sensing receiversbase station.
[PR. 5.3.6 - 002] Based on operator’s policy, the 5G system shall support mechanisms to process the sensing measurement data to derive the sensing results.
[PR. 5.3.6 - 003] Based on operator’s policy, the 5G system shall provide mechanisms to expose NR based sensing results with assisted information, e.g. location, to a trusted 3rd party application via the core network.
[PR. 5.3.6 – 004] The 5G system shall support sensing services with KPIs as given Table 5.3.6-1.
Table 5.3.6-1	Performance requirements of sensing results for rainfall monitoring
	Scenario
	Sensing service area
	Confidence level [%]
	Rainfall estimation accuracy
(for a target 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]
	
	
	
	

	Rainfall monitoring
	outdoor
	95
	[1mm/h]
NOTE 2
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	1 min
	10min, application configurable
	5
	5

	NOTE 1: The terms in Table 5.3.6-1 are found in Section 3.1.
NOTE 2: For rainfall rain rate >1 mm/h. [39]


[bookmark: _Toc120625151]5.4	Use Case on Transparent Sensing Use Case
[bookmark: _Toc120625152]5.4.1	Description
In general, a sensing transmitter and sensing receiverUE senses using either or combination of the sensors such as 3GPP-RF, camera, NR-based sensing and Lidars, Radars. In NR-based sensing, the sensing transmitters and sensing receiversUE and BS senses for stationary and moving Objects around UE – using time-difference-of-arrival (TDoA), angle-of-arrival (AoA), angle-of-departure (AoD) measurements, RSSI etc. as shown in Figure 5.4.1-1 [14] Transparent sensing is a use case in which sensing data is captured by the UE and communicated so that the 5GS is aware of the sensing information. From this information, service enablers can be defined. One example of such information is location data, whose corresponding service enabler is Location Based Services.
[image: ]
Figure 5.4.1-1: BS and UE sensing Objects
In this use case, sensing data is made available to the 5GS, and the requirements for this exposure are considered. The data so obtained can be used for diverse purposes. One such purpose is Localization (identifying both a three- dimensional position and orientation.) Transparent Sensing data used for Localization is described in TR 22.856 [11] 
[image: ]
Figure 5.Q.1-2: Opaque and Transparent Sensing Data
The distinguishing characteristic of this use case is that the sensing data is provided to the 5GS itself, not merely by the 5GS to an AF out of scope of 3GPP standardization.
[bookmark: _Toc120625153]5.4.2	Pre-conditions
A UE has access to one or more sensors. In this use case. the UE has access to four sensors: NR-based sensing, 3D LiDAR, an RGB Camera and a Smart Phone Camera. The sensors' physical configuration is known (e.g. the cameras are 10 cm apart). The NR-based sensing capabilities of the UE and its connected BS are used to capture information about the nearby environment by the UE.
A mobile network MN supports the acquisition of sensing data. We term this support by the network a 'sensing data consuming service.'
[bookmark: _Toc120625154]5.4.3	Service Flows
The user U activates a mechanism to enable NR-based sensing at sensing transmitters and sensing receiversUE and MN and provide sensing measurement data to the 5GS. This process is analogous to activating or enabling a location tracking service.
MN acquires sensing measurement data provided by U's UE, for a period of time.
The user U deactivates the mechanism to provide sensing measurement to the 5GS.
Editor's Note: Additional details on the use of LiDAR, cameras and/or spatial localization need to be added.
[bookmark: _Toc120625155]5.4.4	Post-conditions
The sensing data acquired by the 5GS is processed in order to enable other services. The processed information can for example provide 'Spatial Localization' information that can be exposed to authorized third parties, as discussed in 22.856 [11]. "Spatial Localization Use Case".
[bookmark: _Toc120625156]5.4.5	Existing feature partly or fully covering use case functionality
Positioning in 5G Networks system has been proposed in 3GPP release-16, it specifies positioning signals and measurements for the 5G NR. In release-16, 5G Positioning architecture extends 4G positioning architecture by adding Location Management Function (LMF) and Transmission reception points (TRP).  5GS provides new positioning methods based on multi-cell round-trip time measurements, multiple antenna beam measurements, multiple to enable downlink angle of departure (DL-AoD) and uplink angle of arrival (UL-AoA) [15][16]. The Rel-17 5G system supports positioning of the device-based but not device-free – objects that do not radiate EM signals. [14][15][16]

The 5GS already supports transport of sensor data. The table below provides indicative performance requirements for media used for sensor information communication.
	Sensor Type
	Uplink KPI
	Remarks

	3D Lidar
	30 Mbps
	An example 3D LiDAR: 16 channel, 0.3M data points, dual return mode
2 bytes distance, 1byte [13]

	Industrial RGB Camera
	16 ~ 800 Mbps
	2,592 x 2,048 x 10bits x 2.5 Hz x 6 EA, compression ratio 2%

	Smart Phone Camera
	4 ~ 200 Mbps
	2,160 x 2,880 x 8bits x 1 Hz x 4 EA, compression ratio 2%


Figure 5.4.5-1: Performance Requirements (already possible to fulfill with the 5GS)
[bookmark: _Toc120625157]5.4.6	Potential New Requirements needed to support the use case
[PR.5.4.6 - 001] Subject to user consent and national or regional regulation, based on operator policy, the 5GS shall support a mechanism to receive uplink sensing measurements from sensing transmitters and sensing receiversa UE that areis authorized to provide uplink sensing measurements to the network.
NOTE: 	This requirement assumes there is some functionality in the 5GS to discern and interpret the acquired sensing measurements.
[PR.5.4.6 - 002] Subject to user consent and national or regional regulation, based on operator policy, the 5GS shall support a mechanism to expose sensing result to authorized third parties.
[PR.5.4.6 - 003] Subject to user consent, network operator policy and national or regional regulation, the 5GS shall support a mechanism to enable sensing transmitters and sensing receiversRAN entities and UEs to acquire NR-based sensing measurement data to capture information about the nearby environment.
Editor's Note: It is FFS if explicit requirements for LiDAR, cameras and other sensors need to be added.Editor's Note:	Using existing E-UTRA measurements is FFS.
[bookmark: _Toc120625158]5.5	Use case on sensing for flooding in smart cities
[bookmark: _Toc120625159]5.5.1	Description
Due to the climate change in recent years, a larger amount of rain sometimes falls within a short duration of time inside a small area. This result, in particular in urban areas, in inundation and flooding even in areas where these did not happen in the past. When flooding is about to happen on roads, people might enter areas getting in danger without knowing it. Once flooding really happens there, this might result in loss of human life. At places where flooding is expected to occur, monitoring of flooding is performed using cameras and other sensors. However, due to the recent climate change, it may be difficult to recognize places where flooding is expected to occur. Using radio waves, it is possible to recognize places where flooding occurs in an efficient way.
[bookmark: _Toc120625160]5.5.2	Pre-conditions
Good partnership and cooperation are established between Mobile Operator #A and administrators of roads such as a local government in City #B. Mobile Operator #A constantly senses the surface of the road and informs results of sensing to the administrator of the road.
[bookmark: _Toc120625161]5.5.3	Service Flows
[image: ]
Figure 5.5.3-1: Sensing for flooding in smart cities
1. Base stationsSensing transmitters and sensing receivers owned by Mobile Operator #A are deployed around the road. Mobile Operator #A carries out sensing of the surface of the road in City #B. This sensing is performed using radio wave. Results of sensing information, incl. whether flooding occurs on the road, are informed to the administrator of the road in City #B.
1. The administrator of the road usually monitors the state of flooding on the road using information from sensors including information from Mobile Operator #A. In addition, in the case of heavy rain, the administrator may request Mobile Operator #A to increase frequency of monitoring of situation of roads and Mobile Operator #A monitors the situation more frequently responding to this request.
1. If there is information received that flooding occurs, the administrator advises people in the areas concerned to evacuate the areas. The administrator advises via mobile networks.
1. People who received the advice evacuate the areas or do not enter such areas.
1. Now City #B trusts Mobile Operator #A and allows it to advise people about evacuation without City #B's intervention in case of flooding. Next time a similar flooding occurs, Mobile Operator #A sends advice for evacuation directly to people.
[bookmark: _Toc120625162]5.5.4	Post-conditions
Damage of the flooding has been kept at minimum. 
[bookmark: _Toc120625163]5.5.5	Existing features partly or fully covering the use case functionality
TBD.
[bookmark: _Toc120625164]5.5.6	Potential New Requirements needed to support the use case
[PR. 5.5.6 - 001] Subject to operator policy, the 5G system shall be able to provide sensing result indicating disasters or other emergencies (e.g., flooding) in a given geographic area to authorized third parties in a timely manner.
[PR. 5.5.6 - 002] Subject to regional or national regulatory requirements and operator policy, the 5G system shall be able to provide its public warning system with a warning notification based on sensing result indicating disasters or other emergencies (e.g., flooding) in a given geographic area in a timely manner.
[bookmark: _Toc120625165]5.6	Use case on intruder detection in surroundings of smart home
[bookmark: _Toc120625166]5.6.1	Description
Detection of an intruder including a person or a harmful animal into a private property is an important piece to ensure residents at home in the private property feel comfortable and secure. For the surroundings monitoring, various technologies, such as cameras, infrared cameras, and microwave radars are being used. However, these technologies require line-of-sight, and therefore locations which can be monitored may be limited.
Wireless signals make it possible to monitor locations without line-of-sight and to monitor wider areas [17]. Sensing by wireless signals can complement the afore-mentioned technologies and can improve accuracy of the detection. Sensing by wireless signals gives residents time to prepare against intruders or to drive them away.
[bookmark: _Toc120625167]5.6.2	Pre-conditions
Sensing transmitters and sensing receiversUEs such as smart phones and consumer premise equipment are installed inside a house, in particular, near a wall or a window. Residents have a contract with a mobile operator for the sensing transmitters and sensing receiversUEs.
[bookmark: _Toc120625168]5.6.3	Service Flows
[image: ]
Figure 5.6.3-1: Intruder detection in surroundings of smart home
1. The Sensing transmitters and sensing receiversUEs such as smart phones and CPE communicate with sensing transmitters and sensing receiversbase stations in the outdoor or in the indoor and monitor 3GPP signals which are influenced by outdoor objects such as humans and animals. In addition, the UEs communicate with base stations of the mobile operator and monitor the radio wave state between the UEs and the base stations.
1. When an intruder enters the site, the radio signals are changed. The core network processes the data and yields sensing result indicating detection of the intruder.
NOTE:	Cases that such an intruder or an animal is already indoor are addressed in the use case in clause 5.1.
1. The residents are informed of detection of the intruder.
[bookmark: _Toc120625169]5.6.4	Post-conditions
The residents report to the police or the security service and request them to take an appropriate action.
[bookmark: _Toc120625170]5.6.5	Existing features partly or fully covering the use case functionality
TBD.
[bookmark: _Toc120625171]5.6.6	Potential New Requirements needed to support the use case
[PR. 5.6.6 - 001] Subject to operator policy, the 5G system shall be able to collect sensing measurement data and yield sensing result from the data for detection of outdoor objects.
[bookmark: _Toc120625172]5.7	Use case on sensing for railway intrusion detection
[bookmark: _Toc120625173]5.7.1	Description
Extensive railway deployment and the changing wildlife habitat area due to the changing global environment has led to increase of crash of wildlife to trains. Once a crush happens, its recovery costs, takes time, and impairs convenience [18, 19]. Such a crush should be avoided, but it appears difficult to proactively predict wildlife's intrusion onto railway track. It's different from e.g., weather forecast. Passively detecting wildlife's intrusion onto railway track appears an option to take. Monitoring with cameras serves the same purpose. However, this requires LOS (i.e., line of sight) and a dense deployment of cameras, which is not necessarily efficient. Another traditional mechanism using fibre optic sensing techniques is costly and requires manual intervention, making it very difficult to meet the increasing demand for railway monitoring. Thanks to the 5G NR based sensing, the base station as a sensing transmitter and a sensing receiver along the railway can constantly sense the railway situation such as railway intrusion.
The assumption of this use case is the following:
-	There is at least 300km train line as depicted in the figure 5.7.1-1[19] owned by railway operator. 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 typical size and velocity of intruder and train in this use case are described in the Table 5.7.1-1. 
Table 5.7.1-1
	
	Size
(Length x Width x Height) 
	Velocity

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

	5km/h 

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

	5km/h

	Trains
	24m x 3.5m x 3 m

	100km/h - 350km/h


When the intruder standing at the outermost side of safe place starts walking on the danger zone, it means the intrusion happens. The distance that intruder move perpendicular to the railway track is more sensitive for road safety, compared to the distance parallel to the railway track.
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Figure 5.7.1-1
[bookmark: _Toc120625174]5.7.2	Pre-conditions
Sensing transmitters and sensing receiversBase stations are deployed near and along a railway track which enable the mobile operator to constantly sense the railway including intruder (e.g., pedestrians and animal). For sensing, signaling transmitted by a sensing transmitterbase station is influenced or bounced by objects around the railway and then monitored by the base station and other base stationssensing receiver. Sensing result is being notified to a railway operator by the mobile operator. The railway operator knows locations of trains.
[bookmark: _Toc120625175]5.7.3	Service Flows
[image: ]
Figure 5.7.3-1 Railway intrusion detection
1. Sensing transmitters and sensing receiversBase stations are deployed near and along a railway track. In order to acquire the sensing information of railway, railway operator requests sensing service from mobile operator. The mobile operator configures the Sensing transmitters and sensing receivers base stations along the train line to perform sensing. Suddenly, an intruder (e.g. pedestrian or animal) is walking on the danger zone.
1. The sensing measurement data is reported from sensing receiversbase stations and further processed into the sensing results by the core network. The mobile operator exposes the sensing results to the railway operator. Based on the sensing results, the location of the intruder can be estimated.
3.	Trains running on the railway track measure their own location and velocity. These trains inform that information to a controller of the railway operator.
4.	The controller identifies a train that is affected by an intruder based on the sensing results from mobile operator and train's location and velocity.
5.	The controller orders the train to slow down or stop. In addition, the staff working for railway operator immediately responds to the emergency. The intruder leaves the danger zone safely.
[bookmark: _Toc120625176]5.7.4	Post-conditions
The controller judges the intruder is gone and safety can be ensured. The controller permits the train to start again or speed up.
[bookmark: _Toc120625177]5.7.5	Existing feature partly or fully covering use case functionality
TBD.
[bookmark: _Toc120625178]5.7.6	Potential New Requirements needed to support the use case
[PR. 5.7.6 - 001] Subject to operator policy, the 5G system shall enable the core network to collect and aggregate sensing measurement data from sensing transmitters and sensing receiversbase stations.
[PR. 5.7.6 - 002] Subject to operator policy, the 5G system shall enable the core network to expose a suitable API to provide the information regarding sensing results to authorized third parties.
[PR. 5.7.6 - 002] The 5G system shall be able to support the following KPIs:
Table 5.7.6-1	Performance requirements of sensing results for railway 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]
	
	
	
	

	Intrusion detection on a railway
	Outdoor (Along railway)
	95
	≤1.5
	N/A
	N/A
	N/A
	N/A
	N/A
	˂1500
	≤ 0.1
	≤0.1
	≤0.1

	NOTE:	The terms in Table 5.7.6-1 are found in Section 3.1.


Editor's Note: the KPI values for Missed Deteciton and False Alarm are FFS.
[bookmark: _Toc120625179]5.8	Use Case on Sensing Assisted Automotive Maneuvering and Navigation
[bookmark: _Toc120625180]5.8.1	Description
To support smart transportation and autonomous driving, more vehicle and devices are equipped with sensing technologies. For example, cameras, Radar, and Lidar systems are the most used sensors by the automotive industry to maintain the perception for autonomous vehicles at various levels of autonomy. Accurate sensing results are crucial to enable the safe and reliable control of the vehicles.
Due to the mounting position of the sensors (e.g., NR-based sensors) information collected from a single vehicle's sensors may is not be sufficient or accurate enough to satisfy the advanced automotive use cases, e.g., autonomous driving, coordinated manoeuvre, etc. Therefore, the 5G system could coordinate sensing to enable the vehicles derive NR sensing inputs (i.e., sensing measurement data or sensing results) which could be consumed at the vehicle and used for the vehicular control and driver assistance, e.g., feed into the Automated Driving System (ADS) in the car [21]. Alternatively, the NR sensing measurement data or sensing results collected by the sensing transmitters and sensing receiversUE can be sent alongside relevant sensing information to other sensing entities (including other vehicles, roadside units, and network) for further processing (if required) before sharing with a 3rd party application as shown in Figure 5.8.1-1.
The network facilitated NR based sensing described above could significantly improve the sensing reliability and quality, enabling new and advanced automotive use cases.


Figure 5.8.1-1: 5G System Assisted Automotive maneuvering and navigation
[bookmark: _Toc120625181]5.8.2	Pre-conditions
In this use case, Joe and Bob’s vehicles are equipped with NR-based sensing technology. Non-3GPP-based sensors like radar, camera and Lidar sensors could also be available in the vehicles. Additionally, the vehicles are capable of 5G communications, including direct communication with other vehicles, communication with 5G system via RAN entities.
[bookmark: _Toc120625182]5.8.3	Service Flows
5G system assisted coordination of sensing service
Step 1 (Network provides configurations and policies): When Bob’s car registers for NR sensing service, the network provides policies and configurations to enable sensing transmitters and sensing receivers UEs take appropriate actions during sensing e.g., obtaining sensing inputs from another sensing transmitters and sensing receiversUEs/RAN entities.  For example, the policies provided by network could provide guidance for the discovery of sensing transmitters and sensing receiversUEs/RAN entities with appropriate NR RF sensing capabilities, when to trigger requests, when to stop sending requests, messaging formats, the communication configurations (such as which 5G communication mode to use and under which conditions), etc. These polices and configurations could be updated frequently as determined by the network.
Step 2 (Bob determines his sensors are blocked): Bob's sensor(s) is(are) blocked by Joe's vehicle, and cannot adequately detect its surroundings (e.g., detect if there is another vehicle in front). This could result in the vehicle miscalculating the needed distance to stop before a traffic light. In other cases, Joe's vehicle could also reduce the valid sensing region and result in misdetection of incoming vehicles size or shape, especially near intersections. The sensing results cannot fully satisfy the autonomous driving needs and requirement.
Step 3 (Bob recognizes need for sensing inputs): Due to unsatisfactory autonomous driving needs and requirements, the UE in Bob's vehicle is notified that its sensors are blocked and needs 5G System assistance for coordination of the sensing service.
Step 4 (Bob’s vehicle discovers Joe’s vehicle): With the policies and configurations provided by the 5G system, Bob’s vehicle can search for neighbouring sensing transmitters and sensing receiversUEs/RAN entities or ask the network to provide recommendations for sensing transmitters and sensing receiversUEs/RAN entities and their NR RF sensing capabilities (e.g., if sensing transmitter and sensing receiverUE/RAN entity supports sensing service). This information would be used to discover other sensing transmitters and sensing receiversvehicles and RAN entities with NR RF sensors that can support sensing in the area. In this example, Bob's vehicle discovered Joe's vehicle could be useful in providing sensing inputs.
Step 5 (Bob’s vehicle connects to Joe’s vehicle): Bob's vehicle then establishes 5G communication connection with Joe's vehicle and/or sensing transmitters and sensing receiversRAN entities as shown in Figure 5.y.3-1. The most suitable 5G communication mode (e.g., broadcast, unicast, etc) is determined by the Bob’s vehicle based on 5G system configuration and policies.
Step 6 (Bob's vehicle requests sensing info from Joe’s vehicle). The request could indicate the information needed to perform sensing, e.g., the additional region to be covered, additional sensing target, synchronization info, etc.
Step 7 (Joe sends sensing results/sensing measurement data to Bob’s vehicle) Based on the information provided by Bob’s vehicle; Joe sends Bob sensing results identifying objects in its surroundings. Joe’s car also supports the capability to forward sensor measurement data so it forwards that also to Bob’s car.
Step 8a (Bob processes sensing data locally) Based on the fact that Bob’s has non-NR sensors (e.g., camera, Lidar), Bob’s car combines the sensing measurement data from Joe’s vehicle with other sensors and displays the sensing results on the application in its autonomous driving application in his car.
Step 8b (Bob sends NR and non-NR sensing results to 3rd party application) Alternatively, Bob sends NR sensing results and results from the camera and Lidar to a 3rd party application server (through the network) for fusion of the sensing results from NR and non-NR sensors.


Figure 5.8.3-1:  5G system assisted automotive maneuvering and navigation 
With the sensing information provided by Joe's vehicle and/or the network, Bob's vehicle obtains a full map of the region. The autonomous driving algorithm can make corresponding decisions reliably.
[bookmark: _Toc120625183]5.8.4	Post-conditions
Using 5G system assistance, Bob's vehicle would be able to achieve highly reliable and accurate sensing results, by coordinating the operation with other vehicles to collaborate with other sensing devices to improve quality. With this high-quality sensing results, advanced smart transportation use cases and autonomous driving could be achieved. 
[bookmark: _Toc120625184]5.8.5	Existing features partly or fully covering the use case functionality
V2X communication supports the information exchange among the vehicles, between vehicle and infrastructure or network.
Editor’s note: Further gap analysis is FFS.	
[bookmark: _Toc120625185]5.8.6	Potential New Requirements needed to support the use case
[PR 5.8.6-1] The 5G system shall be able to support mechanisms to control sensing transmitters and sensing receiversUEs and RAN entities for a sensing service.
NOTE1:	In the requirement above, control may include configuration such as sensing specific policies and settings (e.g., conditions for triggering sensing requests, location,  etc.) coordinated amongst sensing transmitters and sensing receiversUE and RAN entities.
[PR 5.8.6-2] For a sensing service, the 5G system shall be able to support mechanisms for the sensing transmitters and sensing receivers UEs and RAN entities to provide sensing measurement data.
NOTE2:	This requirement can cover scenarios making use of information already available in the EPC and E-UTRA (assuming no new functionalities are required in the EPC and E-UTRA).
[PR 5.8.6-3] The 5G system shall be able to support an authorized UE in the discovery of sensing transmitters and sensing receiversUEs and RAN entities with the required NR RF sensing capabilities for the sensing service.
[PR 5.8.6-4] The 5G system shall be able to provide means to authorize and configure a sensing transmitter and sensing receiverUE for sensing operation (e.g., based on location, time, etc) and for establishing the communication connection needed to assist the sensing service. 
NOTE3: 	The above requirement assumes that the communication connection used for sensing service can include direct network communication, direct device connection and indirect network connection.
[PR 5.8.6-5] The 5G system shall be able to support exposure of sensing transmitters and sensing receivers’ UEs' sensing results, capabilities, and configurations to a trusted 3rd-party application, e.g., to facilitate 3rd-party control and coordination of sensing inputs from one or more sensing transmitters and sensing receiversUEs.
[bookmark: _Toc120625186]5.9	Use case on AGV detection and tracking in factories
[bookmark: _Toc120625187]5.9.1	Description
Improving safety and work conditions in factories and industrial environments is a critical component for industry 4.0. Replacing communication cables with wireless connections has already positively changed the factory environment, by providing reliable ethernet-like communications, and enabling time-sensitive networking over the air. Nevertheless, despite automation and improvement, accidents in factories still occur, leaving room for improvement. Indeed, 5250 fatal work injuries were recorded in the US only in 2018, according to the Bureau of Labour Statistics [22], a 2% increase from 2017.
Automated Guided Vehicles (AGVs) are key components of the new smart factories, used for a variety of tasks such as heavy or hazardous materials transportation and distribution. Simultaneous presence of AGVs and human workers at the industrial side creates safety challenges and calls for stringent safety requirements [23]. For example, the driverless, automated guided industrial vehicles ANSI/ITSDF B56.5 [24] safety standard requires that “the AGV shall detect and avoid both static and dynamic obstacles appearing in the path of travel direction”. Reliable detection of AGV/human presence or proximity is therefore an important safety criterion.

5G system can be deployed in a factory which uses RAN entities and/or UEs to measure sensing measurement data, that are made available to sensing management entities in order to derive sensing results such as the detection of the presence or proximity of AGVs and humans. This use case assumes support of NR-based RF sensing.
[bookmark: _Toc120625188]5.9.2	Pre-conditions
Company #A operates multiple AGV in its factory. Each AGV is programmed to perform certain tasks, such as transporting large containers from point #B to point #C following a programmed route. AGVs can be of various sizes and operate at different speeds and locations. In a factory, workers are dispersed throughout the area, performing different tasks. Workers-AGVs interactions are a source of potential injuries, and extra care needs to be taken to avoid any harm.
The factory deploys 5G based integrated communication and sensing system with sensing transmitters and sensing receiversRAN entities and UEs throughout the factory floor. The RAN entities deployment is done to optimize communication, positioning, and sensing.
The sensing transmitters and sensing receiversRAN entities and/or UEs perform sensing operations over certain target areas throughout the factory. The deployed RAN entities (or a subset of the RAN entities) transmit sensing reference signals, which are received by a subset of RAN entities and/or selected UEs. Some UEs are authorized and configured to monitor the sensing reference signals and report sensing measurement data to a sensing entity in the 5G system. The sensing entity can be deployed either locally in the factory or in the cloud/edge.
In this use case it is important to note that AGVs do not actively participate in the sensing signals transmission or reception, and hence it is more applicable to AGVs which are not equipped with UEs, e.g., legacy AGVs. For those AGVs with UEs, the UEs can be helpful in sensing and tracking humans on the factory floor.
0. [bookmark: _Toc120625189]Service Flows
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Figure 5.9.3-1: AGV presence and proximity detection
1. Alex is working in his section of the factory (shown in the lower left area in Figure 1), performing regular maintenance work around a conveyor belt.
1. An AGV, AGV#1, is approaching the area where Alex is working, carrying a heavy load to be placed at a designated location next to the conveyor belt.
1. Using the sensing measurement data from the RAN entities and the UE carried by Alex, the sensing entity processes the data to obtain sensing results and detects the proximity of the AGV1 to Alex. The sensing results is shared with a safety monitoring application of the factory, and a notification is sent to Alex to warn him of the approaching AGV. 
1. Another AGV, AGV#2, enters an area (lower right area in Figure 1) with increased risk for workers due to higher workers presence and higher equipment and machines density. Based on the sensing measurement data from RAN entities, the sensing entity processes the data to obtain sensing results and detects the presence of AGV#2 and exposes the detection event to the factory safety monitoring application. The safety monitoring application triggers a warning sound to warn the workers (e.g., John and Emma) in that area of the approaching AGV.
Note that, in this scenario, none of the UEs was involved in the sensing session. However, the sensing entity can use sensing measurements from UEs in the area (e.g., UE carried by Emma) in its sensing processing if available. 
1. In another scenario, John (lower right area in Figure 1), working on his section, not having a UE, is being tracked using radio sensing measurements from RAN entities and/or UEs. When John comes in proximity with an AGV, which has or does not have a UE, a warning message is sounded to alert John.
[bookmark: _Toc120625190]5.9.4	Post-conditions
Thanks to the warning messages, workers are safe and potential accidents caused by workers-AGVs interactions are avoided. By leveraging the sensing capability of the 5G based integrated communication and sensing system, the factory safety supervision is upgraded, and workers safety is enhanced.
[bookmark: _Toc120625191]5.9.5	Existing features partly or fully covering the use case functionality
Editor’s note: Gap analysis for this use case is FFS.
[bookmark: _Toc120625192]5.9.6	Potential New Requirements needed to support the use case
NOTE1: The following requirements apply to networks managed by PLMN or NPN.
[PR 5.9.6-1] The 5G system shall be able to provide means to support NR-based sensing in a certain area or location.
[PR 5.9.6-2] Based on operator policy and location area, the 5G system shall be able to provide means to support per-UE authorization for NR-based sensing.
[PR 5.9.6-3] The 5G system shall be able to support means to enable sensing transmitters and sensing receiversRAN entities and UEs to transfer sensing measurement data to sensing processing entities in the 5G system responsible for processing and aggregation of the sensing measurement data.
NOTE2:	The “Sensing processing entities” in the above requirement refer to one or more entities in the 5G system responsible for aggregating and processing of sensing measurement data (e.g., core network).
[PR 5.9.6-4] Based on operator’s policy, the 5G system shall be able to support means to expose sensing results to a trusted 3rd-party application.
Editor’s note: The KPIs for this use case are FFS.
[bookmark: _Toc120625193]5.10	Use case on UAV flight trajectory tracing
[bookmark: _Toc120625194]5.10.1	Description
With the development of UAV technologies and the increase of demands on rapid logistics, aerial photographing, environmental monitoring and public security, a variety of commercial UAV services gradually become reality.
Normally the commercial UAVs fly based on predetermined flight routes, following regulated positions, heights, speeds, and directions. E.g., a package-delivery UAV flies from the package sender to the package recipient; a task-execution (such as environmental monitoring) UAV flies from the UAV airport to the target area.
On-route flying is important for these commercial UAVs. Their flight routes are optimized and permitted by UAV service operators, UAV management department, or USS (Uncrewed Aerial System Service Supplier)/UTM (Uncrewed Aerial System Traffic Management). Usually, they have the shortest flight distance, avoid no-fly zone, and keep safe distance from obstacles (e.g., building, trees, hills) and other commercial UAVs.
Although a UAV is equipped with sensors to keep itself along the flight route, the external UAV flight trajectory tracing function is still necessary because these sensors sometimes are restricted. E.g., the camera is impacted by light situation; the UAV-borne radar is impacted by rainfall or snowfall, etc. If these events occur, UAV cannot correctly decide its own position, height or speed, and thus cannot follow the traced route.
Although there exist dedicated UAV surveillance equipment and radar, their large-scale deployment has great challenges due to lack of available sites and high installation and maintenance cost.
In comparison, using the 5G system can provide a cost-effective way to trace these UAVs, e.g., 5G network infrastructures with ubiquitous coverage can better trace the flight trajectory of each UAV.
Specifically, 5G RAN entities can relies on radio sensing to obtain the information on UAV position and motion (e.g., distance, angle) and send sensing measurement data to a sensing processing entity located in the 5G system.  
As shown in Figure 5.10.3-1, the UEs that are connected to the 5G RAN entities can be configured to assist in the sensing operations, which can increase the sensing coverage, provide more positioning reference points, and improve sensing result accuracy and robustness. This improvement is a result of  higher density of UEs compared to the base stations,  which increases the probability that some UEs are located in positions that have shorter distance away from UAV than 5G RAN entities (e.g., UAV located in the middle of two 5G RAN entities while UE locates under UAV), or some UEs are located in the reflection directions that have larger radar cross section (RCS) than 5G RAN entities considering the UAV RCS variation in different reflection directions.
The 5Gsensing processing entity can collect the sensing data from one or multiple network infrastructures.
The 5G network operator can provide the UAV flight trajectory tracing service to a trusted 3rd party application (e.g., UAV service operator, UAV management department, USS/UTM) as requested.
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Figure 5.10.1-1:  UAV flight trajectory tracing by 5G system
[bookmark: _Toc120625195]5.10.2	Pre-conditions
A UAV operator/UTM provides package delivery service in an area which is covered by 5G network. The UAV operator/UTM subscribes to the UAV flight trajectory tracing service from the 5G network operator.
The UAV operator/UTM provides the 5G network operator the characteristics of the UAV to be sensed, time and space (covering the regulated UAV flight routes and possible off-route locations) of the UAV flight trajectory tracing service.
[bookmark: _Toc120625196]5.10.3	Service Flows
When the appointed time starts, 5G network operator activates the UAV flight trajectory tracing function at the appointed space until the appointed time ends.
The UAV operator controls UAV#1 to take off from package delivery source and fly toward package delivery destination along a regulated flight route.
By radio sensing, a set of 5G sensing transmitters and sensing receiversbase stations and UEs detect UAV#1, and then estimate the position and motion related metrics (e.g., distance, angle) as well as the target object is in coverage, resulting in sensing measurement data. The 5G sensing transmitters and sensing receiversbase stations and UEs then send the sensing measurement data to the 5Gsensing processing entity.
In certain cases, during the flying course, based on sensing and location information, if it is detected that UAV#1 has left the coverage of an old base station and entered the coverage of a new base station, the old base station could stop radio sensing and operate in a power saving mode. The new base station starts and keeps on sensing UAV#1 until it is out of coverage. Note that the determination that the UAV#1 has left the coverage of a base station or not could be determined based on the UAV positions and velocities estimated at the 5G sensing processing entity. Therefore, the network could then decide to activate and deactivate sensing in certain base stations based on this information. In other cases, the network could configure a start and stop of sensing operations for a base station based on a specified time period.
The 5G sensing processing entity collects the UAV sensing measurement data from one or multiple sensing transmitters and sensing receiversbase stations and UEs, and estimates the positions and velocities, and sends in real time the sensing results (e.g., UAV positions, velocities) to the UAV operator and/or UTM.
Based on the received sensing results, the UAV operator and/or UTM traces the flight trajectory of UAV#1. Once the UAV operator and/or UTM detects an off-route event, it further steers UAV#1.
[bookmark: _Toc120625197]5.10.4	Post-conditions
UAV#1 delivers package to the destination along the traced flight route or its off-route behavior is sensed.
[bookmark: _Toc120625198]5.10.5	Existing features partly or fully covering the use case functionality
None.
[bookmark: _Toc120625199]5.10.6	Potential New Requirements needed to support the use case
[P.R 5.10.6-1] Based on operator policy, request from UTM and sensing configuration (e.g. sensing area), the 5G system shall be able to support sensing transmitters and sensing receiversRAN entities and UEs in sensing the characteristics of an airborne object of interest (e.g., UAV), including generating sensing measurement data related to the object’s location and motion metrics (see examples in Table 5.10.6-1).
[P.R 5.10.6-2] The 5G system shall be able to support means to authorize sensing transmitters and sensing receiversRAN entities and UEs in certain location area generating and reporting sensing measurement data (e.g., related to a UAV position, velocity) to a 5G sensing processing entity.
NOTE: 	The requirement above assumes that the sensing measurement data is post-processed in 5G sensing processing entity which is located within the 5G system.
[P.R 5.10.6-3] The 5G system shall be able to support means to process the sensing measurement data and expose in real time the sensing results (e.g., related to a UAV position, velocity) from a 5G sensing processing entity to a trusted 3rd party application.
[P.R 5.10.6-4] The 5G system shall support energy efficient sensing operations. 
[P.R 5.10.6-5] The 5G system shall support sensing services with KPIs as given in Table 5.10.6-1.
Table 5.10.6-1	Performance requirements of sensing results for UAV flight trajectory tracing
	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 (horizontal/vertical)
[mxm]
	Velocity resolution (horizontal/ vertical)
[m/s x m/s]
	
	
	
	

	UAV flight trajectory tracing
	Outdoor
	N/A
	N/A
	N/A
	N/A
	N/A
	1m x 1m ~10m x 10m          (NOTE 2)
	1m/s x 1m/s ~ 10m/s x 10m/s (NOTE 3)
	5~50 (NOTE 4)
	0.3~5Hz
(NOTE 5)
	5
	5

	NOTE 1:	The terms in Table 5.10.6-1 are found in Section 3.1.
NOTE 2: To detect the UAV existence (e.g., for invation detection), the sensing resolution of distance is 10m [25]. To track the UAV flying (e.g., for collision detection and warning), the sensing resolution of distance is 1m [25]
NOTE 3: To detect the UAV existence, the sensing resolution of velocity is 10m/s [25]. To track the UAV flying, the sensing resolution of velocity is 1m/s [25]
NOTE 4: To detect the UAV existence, the sensing latency is approximate 50ms [25]. To track the UAV flying, the sensing latency is approximate 5ms [25]
NOTE 5: To detect the UAV existence, the sensing refreshing rate is 0.3~5Hz. To track the UAV flying, the sensing latency is 0.3~2Hz. Echodyne MESA-DAATM has approximate 1Hz scan rate [40].



[bookmark: _Toc120625200]5.11	Use case on sensing at crossroads with/without obstacle
[bookmark: _Toc120625201]5.11.1	Description
The various ways of transportation (e.g. vehicles, walking people, motor vehicle, non-motor vehicle) and the dense buildings make the traffic condition complicated. Typically, traffic accidents often happen at the crossroads for example the pedestrians suddenly rush to the road from the invisible place (e.g., behind the high buildings, behind the tall trees), which cause an urgent need to monitor the real-time road status for all days, thus with the collaboration of trusted 3rd party e.g. map service provider or ITS management platform, driving warning or assistant driving information can be provide timely to vehicles.
The road status includes vehicle moving information, VRU(Vulnerable road user) information (e.g. VRU location, VRU moving direction, VRU moving speed, etc.), abnormal vehicle behaviour, road obstacles  and road condition.
The road status information can be sensed by the cameras and radars on RSU (Road Side Unit). But considering the crossroad condition is very complicated, there are always some blind points. 5G based sensing can provide sensing information to fill these gaps.
For example, it is expected that the base station or the UE in the target area can sense the surrounding environment e.g. the road, and send the sensing measurement data to the core network. The core network can carry out systematic calculation and analysis of the sensing measurement data for outputting the sensing result. Such sensing result can be sent to a trusted 3rd party e.g. map service provider for combination with navigation map data, so as to make the driver aware of the congestion and traffic accidents in advance, and effectively increase the comfort and safety of driving. The base station or the UE sensing operations could improve the real-time map service with high reliability and quality.
But in some cases of above, the obstacles (e.g., high buildings or trees) block the transmission of radio signals. The availability and accuracy of the sensing service for the target objects which are located in the area will be greatly impacted.
To guarantee sensing service in this area, multiple 5G system sensing entities can work together.
[bookmark: _Toc66907583][bookmark: _Toc66907325][bookmark: _Toc66907848][bookmark: _Toc120625202]5.11.2	Pre-conditions
Network operator “VV” has released a sensing service for road status sensing, and has deployed sensing transmitters and sensing receiversbase stations especially at multiple crossroads to continuously sense the road status.
Due to the high buildings (e.g. Building A) near the crossroads, there are some areas with obstacles for 5G base stations. Some 5G system sensing entities are further deployed by the network operator ‘VV’ to help radio signal transmission and collect sensing measurement data.
Network operator “VV” has a collaboration with the ITS management department that the user who has registered the Network operator “VV”’s “road status sensing service” can receive real-time road status information, driving warning or assistant driving information from ITS management platform.
Bob has registered the road status sensing service from Network operator “VV”.
Network operator “VV” can also deliver the real-time road information and the real time location/ trajectory of vehicles to a map service provider. The map service provider can provide “assisted driving service” based on this information.
Tom has a vehicle with the “assisted driving service” provided by the map service provider.
Tom drives the vehicle from home to the company in the morning of a working day.
[bookmark: _Toc120625203]5.11.3	Service Flows
[image: ]
Figure 5.11.3-1. sensing at crossroads with/without obstacle
1. The 5G sensing receiverbase station continuously collects sensing measurement data of the road status and the sensing result is continuously reported to the trusted 3rd party (e.g. the map service provider or ITS management platform) by 5G network according to the preconfigured refresh rate (e.g. in the midnight, it uses slow refresh rate with 0.2Hz, and in the working day morning, it uses fast refresh rate with 10Hz). The refresh rate can be adjusted according to the trusted 3rd party demand and network operator’s policy.
1. In the working day morning, Bob has started his road status sensing service when he begins driving his vehicle to his office.
1. Tom drives his vehicle from home to his office and started assisted driving service. The map service provider sends the road sensing request to the 3GPP core network.
1. In the crossroad, there are some higher buildings. It is difficult for Tom and Bob to timely detect other vehicles and VRUs in the area. As example in figure 5.x.3.1, Bob is driving his vehicle and crossing the crossroad toward the southeast of the crossroad. Linda is driving her motorcycle on a side road toward the main road which is also the southeast of the crossroad. The line of sight between Bob and Linda is blocked by the high building A which is at a corner of the intersection.
1. Linda’s motorcycle activity is continuously sensed by the sensing transmitter and the sensing receiver base station under the help of other 5G system sensing entities.
1. The motorcycle sensing result which includes the motorcycles moving speed, moving direction, position etc. is periodically reported to the the map service provider and ITS management platform.
1. The other vehicles in the crossroad have been sensed and related sensing result are also reported to the map service provider and ITS management platform.
1. The map service provider fuses the sensing result with the map and then sends to the Tom’s vehicle.
1. According to the continuously received motorcycle sensing results, the ITS management platform can analyze and identify that there will be a potential collision risk between Bob and Linda. The collision warning then is sent to Bob.
[bookmark: _Toc120625204]5.11.4	Post Conditions
Tom’s vehicle receives the real-time map information which warns Tom that there is another cross-direction motorcycle driving towards his vehicle. Tom stops his vehicle before the crossroad to avoid a potential collision. With the assistance of RAN sensing, Tom arrives in the company safely and easily. Tom starts the daily work in the office.
Bob receives the warning and drives safely through the crossroads.
Linda can also ride safely to the crossroad. The potential risk of collision is avoided.
[bookmark: _Toc120625205]5.11.5	Existing features partly or fully covering the use case functionality
None.
[bookmark: _Toc120625206]5.11.6	Potential New Requirements needed to support the use case
[PR 5.11.6-1] The 5G system shall be able to support a mechanism to provide available sensing service in a sensing service area location.
 [PR 5.11.6-2] The sensing receiver 5G base station shall be able to collect sensing measurement data from requested sensing service area location according to the operator’s policy.
NOTE 1:	The operator policy means to configure the sensing service area location, real time sensing measurement data collection or periodic collection etc.
 [PR 5.11.6-3] The 5G system shall be able to report the sensing result to the trusted 3rd party with refresh rate which is requested by the trusted 3rd party e.g. a map service provider, and controllable by the operator, according to a business agreement.
NOTE 2:	The sensing result can be the target object’s size, shape, position, moving direction, moving speed, etc.
[PR 5.11.6-4] The 5G system shall support means for a trusted 3rd party application, e.g. a map service provider to configure sensing per location.
[PR. 5.11.6-5] The 5G system shall be able to support the sensing service with given KPIs in Table 5.11.6-1.
Table 5.11.6-1 KPI Table of Sensing
	Scenario
	Sensing Distance
	Sensing Angle/direction 
	Moving Speed of target object
	Interval between two consecutive sensing fixes
	Latency
(ms)
	Service Availability (%)

	
	Accuracy(m)
	Resolution(cm)
	Distance Range (m)
	Accuracy
	Resolution
	Angle range 
	Accuracy
	Resolution(m/s)
	Speed range(km/h)
	
	
	

	sensing at crossroads with/without obstacle
	[2]
(note 1)
	[36.6]
(note 2)
	[500]
(note 3)
	FFS
	FFS
	FFS
	FFS
	[0.52]
(note 2)
	[<=70]
(note3)
	FFS

	[<100]
(note3)

	[99.9]
(note3)

	NOTE 1: 	The value is sourced from [26].
NOTE 2: 	The value is sourced from [27]
NOTE 3: 	The values are sourced from [28]


Editor’s Note: Other KPIs are FFS.
Editor’s Note: The KPI term and table format will be updated.
[bookmark: _Toc360202468][bookmark: _Toc120625207]5.12	Network assisted sensing to avoid UAV collision
[bookmark: _Toc360202469][bookmark: _Toc120625208]5.12.1	Description
With the help of current 5G networks, the commercialization of low-altitude UAVs has entered a new stage. UAV can perform surveillance, early warning for many scenarios, and other tasks in low altitude airspace below commercial flights such as delivery. In the logistics industry, UAV delivery is developed very quickly and is estimated to become a nearly 10-billion-euro market. UAV delivery can be widely used in food distribution, retail commodity delivery, postal delivery, provision of medical aids, precision agriculture delivery, industrial delivery, etc.
While the UAV is applied in so many industries, how to avoid collision and effectively manage the UAV traffic are key challenges. In general, the UAV can provide its moving information and surrounding dynamic environment sensed by its own sensors to UTM (Uncrewed Aerial System Traffic Management), then the UTM controls the flight trajectory of the UAV accordingly. But the sensing range of a single UAV is limited and during a UAV flying, the UAV surrounding environment status will not be detected in time which will cause the UAV deviation or collision.
Using the wide coverage of 5G network, a UE on boarding UAV can be a subscriber of the 5G network and connect with UTM via the 5G network.
As shown in figure 5.12.1-1, through the communication connection between the 5G base station and the UE on boarding UAV, the UE can provide its positioning information and UE ID to 5G network. The 5G network and UTM can corelate the UE positioning information, UE ID with UAV ID.  Based on it, on one hand, the 5G RAN nodes can work together to send sensing signal toward specific direction, angle, area to track the flight of the UAV.  On the other hand, the UE can collect the reflection signals from its environments and send the sensing measurement data associated with the UE ID to 5G network via the communication connection.  Some sensing information of the UAV flying environment, e.g. higher building, obstacles and other UAVs nearby, which will impact its safe flying can be collected by UE onboarding a UAV and then reported to 5G core network to be exposed to the UTM. Furthermore, continuous sensing service can be provided during UAV flight.
The UTM is using different inputs like classic radar, via systems currently used in general aviation like FLARM or ADS-B. In this sense, UTM already combines different sources of location information and could further use 5G sensing as additional source for the specific UAV to avoid it deviating from course and collision. When multiple UAVs appear in the same area, the sensing transmitter and the sensing receiver base station also can sense them at the same time.
[image: ]
Figure 5.12.1-1 Network assisted collision avoidance for the UAVs
The following service flow gives an example of UAV delivery in retail goods delivery.
[bookmark: _Toc360202470][bookmark: _Toc120625209]5.12.2	Pre-Conditions
[bookmark: _Toc360202471]Network Operator ‘MM’ provides a new 5G service named ‘5G Sensing Service’.
The UAV City Express ‘SS’ uses a specific UTM to assist its retail goods UAV delivery.
This UTM uses ‘5G Sensing Service’ provided by 5G network Operator ‘MM’ as additional source of information and navigate the UAVs.
Tom has ordered online daily necessities from a supermarket.  Tom is living in downtown.
Jerry has also ordered online some food from a supermarket. Jerry is living in countryside.
The supermarket prepares the goods in packages and asks City Express ‘SS’ to deliver them to Tom and Jerry.
City Express ‘SS’ dispatches UAV A for Tom, and UAV B for Jerry.
UE A is on board UAV A and UE B is on board UAV B. Both UE A and UE B are subscribed to the 5G network of Operator ‘MM’.
Through the communication connections between the 5G base station and the UE A/ UE B, the UE provides its positioning information and UE ID. The 5G network and UTM corelate the UE positioning information, UE ID with associated UAV ID.
[bookmark: _Toc120625210]5.12.3	Service Flows
The UAV A and UAV B are flying to their destinations under the guidance of UTM with the assistance of the ‘5G Sensing Service’ provided by network Operator ‘MM’.
Considering that UAV A will fly to downtown, the UTM asks network Operator ‘MM’’s ‘5G Sensing Service’ to provide sensing service for UAV A, and the required sensing result includes the flying environment along its trajectory, e.g. altitude of the buildings, obstacles and other UAVs nearby.
Considering UAV B will fly to the countryside, the UTM asks network Operator ‘MM’’s ‘5G Sensing Service’ to provide sensing service for UAV B, and the required sensing result includes the flying environment along its trajectory e.g. obstacles, and other UAVs nearby.
The UTM requests the report period about UAV A and UAV B.
Each sensing transmitter base station continuously sends sensing signaling along the UAV A’s trajectory, and the sensing receiverUE A on board of the UAV A can send the sensing measurement data which it collects for its surrounding environment back to the 5G system base station using the 5G communication connection. Then, the 5G network can obtain a comprehensive UAV A’s flying environment sensing result e.g. building position, altitude, other nearby moving objects e.g. other UAV’s relative position, altitude, degree of moving angle, moving speed etc. to UTM.
Same sensing operation is also for UAV B.
The 5G network reports the sensing result periodically according to UTM’s request.
The UTM adjusts and guides the UAV flying trajectories considering the received sensing result and input from other sources (e.g. FLARM, ADS-B).
Considering UAV A is flying toward downtown, both the flying environment (e.g. many buildings) and wireless environment are complex compared with UAV B and its environment in countryside, the 5G network need to configure different sensing operation for UAV A and UAV B to guarantee required sensing service quality, for example to operate sensing with shorter period, sensing KPI, and report sensing result with higher refresh rate for UAV A.
[bookmark: _Toc360202472][bookmark: _Toc120625211]5.12.4	Post-Conditions
The UAV A successfully delivers package to Tom and UAV B successfully delivers package to Jerry and return safely.
[bookmark: _Toc120625212]5.12.5	Existing features partly or fully covering the use case functionality
None.
[bookmark: _Toc360202473][bookmark: _Toc113213410]5.12.6	Potential New Requirements needed to support the use case
Editor's Note: It is FFS if to use target or UAV in these requirements.
[PR 5.12.6 -1] The 5G system shall be able to provide a sensing service to track one or more specific target object and the environment around the target object/s with the assistant information provided by the UE on board the specific target object or authorized 3rd party.
NOTE 1: 	The assistant information for example can be UE position, UE ID. 
[PR 5.12.6 -2] The sensing transmitters and the sensing receivers base station shall be able to sense multiple specific target objects and their environments at the same time.
Editor's Note: The environment in this requirement is FFS.
 [PR 5.12.6 -3] The 5G system shall be able to provide a mechanism controllable by the operator, according to a business agreement, for a trusted 3rd party to request the sensing service related with a certain target object or multiple target objects of a certain location area.
[PR 5.12.6 -4] Based on operator policy, the 5G system shall be able to provide a mechanism for a trusted 3rd party to request per location area different sensing services configuration (e.g. sensing KPI, report refresh rate etc.).
[PR 5.12.6 -5] The 5G system shall be able to report sensing result of the environment around a specific target object to a trusted 3rd party.
NOTE 2: 	The sensing result of the environment for example can be its position, the size of obstacles around, and other moving objects nearby.
Editor's Note: This environment in this requirement is FFS.
[PR 5.12.6 -6] The 5G system shall be able to provide sensing service with follow KPIs.
Table 5.12.6-1 Sensing KPI for Network Assisted sensing 
	Scenario
	Sensing Distance
	Sensing Angle/direction 
	Sensing Speed
	Interval between two consecutive sensing fixes
	Latency

	
	Accuracy
	Resolution(m)
	Distance(m)
Range 
	Vertical accuracy
	Horizontal l accuracy
	Accuracy
	Resolution
	Angle range 
	Vertical Accuracy
	Horizontal accuracy
	Resolution(m/s)
	Vertical Speed range(m/s)
	horizontal Speed range(m/s)
	
	

	Network assisted sensing to avoid UAV collision
	FFS
	<1
(Note 3)
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	1

(Note 3)
	<= 90
(Note 3)
	FFS
	FFS
(Note 1)
	FFS
(Note 2)

	NOTE 1: 	Time intervals between successive sensing result reports to a trusted third-party application.
NOTE 2: 	Latency from the gNB to the application server via core network.
NOTE 3: 	the KPI values are sourced from [29]
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