3GPP TSG SA WG 1 Meeting #102 	S1-231209
Berlin, Germany, 22 - 26 May 2023	(revision of S1-23xxxx)

Source:	Deutsche Telekom AG, NTIA
pCR Title:	Pseudo-CR on editorial modifications of FS_Sensing
Draft Spec:	3GPP TR 23.837 v.1.0.0
Agenda item:	7.1
Document for:	Approval
Contact:	Vasil Aleksiev, vasil dot aleksiev at magenta dot at

Abstract: This pCR proposes to agree editorial changes in the FS_Sensing study.
1. Introduction
FS_Sensing study is 80% completed and there is need for editorial modifications trough the TR.
2. Reason for Change
FS_Sensing study has different editorials (misspelling, punctuation) which need to be solved.
4. Proposal
It is proposed to agree the following changes to 3GPP TR 23.837 v.1.0.0.





* * * First Change * * * *

[bookmark: _Toc100743492][bookmark: _Toc129336458]5.1.3	Service Flows
Mary and all her 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. UE) at home.
Mary’s CPE (i.e. 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 CPE as sensing information. The CPE 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. UE) 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: _Toc100743493][bookmark: _Toc129336459]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: _Toc100743494][bookmark: _Toc129336460]5.1.5	Existing features partly or fully covering the use case functionality
None.
[bookmark: _Toc100743495][bookmark: _Toc129336461]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 UE for sensing, e.g., based on location.
Editor's Note:	Terminology of UE/base station needs to be adapted.
[bookmark: _Hlk103851378][bookmark: OLE_LINK6][PR 5.1.6-2] The 5G system shall support a UE to perform sensing measurement process based on the trusted third-party3rd party’s request.
[bookmark: OLE_LINK5][bookmark: OLE_LINK3][bookmark: OLE_LINK4][PR 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 third-party3rd party according to agreement.
[bookmark: _Hlk103851483][PR 5.1.6-4] The 5G system shall support UE to perform sensing measurement process using signals received from other UE(s).
[PR 5.1.6-5] The 5G system shall support UE to perform sensing measurement process in licensed or unlicensed band.
[PR 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: _Toc129336469][bookmark: _Toc99442480][bookmark: _Toc100862447]
* * * Next Change * * * *

5.3	Use case on rainfall monitoring
[bookmark: _Toc100862437][bookmark: _Toc100921161][bookmark: _Toc129336470]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 that could cover a wider area. With base stations 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 base 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 be used for rainfall monitoring [7].
The granularity of the rainfall monitoring could be smaller than the traditional measurements.
[bookmark: _Toc100862438][bookmark: _Toc100921162][bookmark: _Toc129336471]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: _Toc129336472]5.3.3	Service Flows
1. Peter has a subscription for the premium service of rainfall monitoring for a more granular location.
2. Peter is at daily working routine and wants to check the timely rainfall information from the weather application on his phone.
3. The base 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.
4. 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.
5. Peter obtains timely rainfall information from weather application on his phone.
[bookmark: _Toc100862440][bookmark: _Toc100921164][bookmark: _Toc129336473]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: _Toc129336474]5.3.5	Existing feature partly or fully covering use case functionality
None.
[bookmark: _Toc100862442][bookmark: _Toc100921166][bookmark: _Toc129336475]5.3.6	Potential New Requirements needed to support the use case
[PR 5.3.6-1] The 5G system shall support  collection of the NR based sensing measurement data from the base station.
[PR 5.3.6-2] Based on operator’s policy, the 5G system shall support mechanisms to process the sensing measurement data to derive the sensing results.
[PR 5.3.6-3] 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 third-party3rd party application via the core network.
[PR 5.3.6-4] The 5G system shall support sensing services with KPIs as given in 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]. Rainfall estimation accuracy describes the closeness of the measured rainfall estimation to its true rainfall value.


[bookmark: _Toc129336476]5.4	Use Case on Transparent Sensing Use Case
[bookmark: _Toc129336477]5.4.1	Description
In general, a UE senses using either or combination of the non-3GPP sensors such as camera, Lidar, 3GPP-based sensing. In 3GPP sensing, the Sensing transmitters and Sensing receivers sense for stationary and moving Objects around them – 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 Sensing transmitter and/or Sensing receiver and communicated so that the 5GS is aware of the 3GPP sensing information, while the sensing result is the result of non-3GPP sensing data and results are transparent to 5GS. 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 5.4.1-2: Opaque and Transparent Sensing Data
The distinguishing characteristic of this use case is that the sensing data is provided to the 5GS itself.
The application server receiving 'transparent sensing data' as shown in figure 5.4.1-2 can be operated by the MNO. This enables the MNO to provide specific processing to produce 'sensing results as a service,' where the sensing data is supplied by sensors owned and operated by third parties, subscribers, etc.
In this use case it is the 5GS that receives 3GPP and non-3GPP sensing data, not a third party.
[bookmark: _Toc129336478]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: _Toc129336479]5.4.3	Service Flows
The user U activates a mechanism to enable Non-3GPP sensing data acquisition that can be collected at U's UE.
The user U provides this non-3GPP sensing data via the 5GS. This process is analogous to activating or enabling a location tracking service.
MN acquires sensing data provided by U's UE, for a period of time.
MN can also acquire 3GPP sensing data. 3GPP-RF sensing data can be processed only in 5GS to derive sensing results. The sensing results and the Non-3GPP sensing data can be combined to produce a Fused sensing result.
The user U deactivates the mechanism to provide sensing measurement to the 5GS.
[bookmark: _Toc129336480]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: _Toc129336481]5.4.5	Existing feature partly or fully covering use case functionality
Positioning in 5G Networks 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, 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%


Table 5.4.5-1: Performance Requirements (already possible to fulfill with the 5GS)
[bookmark: _Toc129336482]5.4.6	Potential New Requirements needed to support the use case
[PR 5.4.6-1] Subject to user consent and national or regional regulatory requirements, based on operator policy, the 5GS shall support a mechanism to receive uplink non-3GPP sensing data from authorized non-3GPP sensors.
NOTE 1: 	This requirement assumes there is some functionality in the 5GS to discern and interpret the acquired 3GPP and non-3GPP sensing data.
[PR 5.4.6-2] Subject to user consent and national or regional regulatory requirements, based on operator policy, the 5GS shall support a mechanism to expose 3GPP sensing results to trusted third parties.
[PR 5.4.6-3] Subject to user consent and national or regional regulatory requirements, based on operator policy, the 5GS shall support a mechanism to expose sensing non-3GPP sensing results to trusted third third-parties.
[PR 5.4.6-4] Subject to user consent, network operator policy and national or regional regulatory requirements, the 5GS shall support a mechanism to enable Sensing transmitters and Sensing receivers to acquire 3GPP sensing data to capture information about the nearby environment and for this to be combined with Non-3GPP sensing data to produce a combined sensing result.
NOTE 2:	This requirement does not imply or allow 3GPP sensing data to be exposed to third parites. This data is considered confidential.
[bookmark: _Toc129336490]
* * * Next Change * * * *
[bookmark: _Toc129336497]5.7	Use case on sensing for railway intrusion detection
[bookmark: _Toc129336498]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 crash happens, its recovery costs, takes time, and impairs convenience [18, 19]. Such a crush crash 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 transmitter and 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.
[image: ]
Figure 5.7.1-1
[bookmark: _Toc129336499]5.7.2	Pre-conditions
Base 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 base station is influenced or bounced by objects around the railway and then monitored by the base station and other base stations. Sensing result is being notified to a railway operator by the mobile operator. The railway operator knows locations of trains.
[bookmark: _Toc129336500]5.7.3	Service Flows
[image: ]
Figure 5.7.3-1 Railway intrusion detection
1. Base 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 base stations along the train line to perform sensing. Suddenly, an intruder (e.g. pedestrian or animal) is walking on the danger zone.
2. The sensing measurement data is reported from base 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: _Toc129336501]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: _Toc129336502]5.7.5	Existing feature partly or fully covering use case functionality
TBD.
[bookmark: _Toc129336503]5.7.6	Potential New Requirements needed to support the use case
[PR 5.7.6-1] Subject to operator policy, the 5G system shall enable the core network to collect and aggregate sensing measurement data from base stations.
[PR 5.7.6-2] 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 5.7.6-3] 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
	2
	2

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


[bookmark: _Toc129336504]5.8	Use Case on Sensing Assisted Automotive Maneuvering and Navigation
[bookmark: _Toc129336505]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., 3GPP based sensors) information collected from a single vehicle's sensors can not be sufficient or accurate enough to satisfy the advanced automotive use cases, e.g., autonomous driving, coordinated maneuver, etc. Therefore, the 5G system could coordinate sensing to get sensing data from various sources and generate 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]. The 3GPP sensing data collected by the UE 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 third-party3rd 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: _Toc129336506]5.8.2	Pre-conditions
In this use case, Joe and Bob’s vehicles are equipped with 3GPP-based sensing technology. Non-3GPP 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: _Toc129336507]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 3GPP sensing service, the network provides policies and configurations to enable UEs take appropriate actions during sensing e.g., obtaining 3GPP sensing data from another UEs/RAN entities.  For example, the policies provided by network could provide guidance for the discovery UEs/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), the sensing configurations (such as which role i.e. transmitter/receiver, to use by a particular node for a particular sensing task, etc.. These polices and configurations could be updated frequently by the network based on e.g., network conditions, mobility pattern, etc.
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 UEs/RAN entities or ask the network to provide recommendations for UEs/RAN entities (e.g. considering the current network conditions in the target sensing area) and their 3GPP NR RF sensing capabilities (e.g., if UE/RAN entity supports sensing service). This information would be used to discover other vehicles and RAN entities with 3GPP 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 RAN entities as shown in Figure 5.8.3-1. 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 3GPP sensing data identifying objects in its surroundings. It is important to note that when 3GPP sensing data is shared between Joe and Bob, it is expected to be performed in compliance with operator policy on the use of the operator resources (e.g., licensed/unlicensed spectrum).
[bookmark: _Hlk128057245]Step 8a (Bob processes 3GPP sensing data locally) Based on the fact that Bob’s has non-3GPP sensors (e.g., camera, Lidar), Bob’s car can combine the 3GPP sensing data from Joe’s vehicle with other sensors.
[bookmark: _Hlk128057535][bookmark: _Hlk128079785][bookmark: _Hlk128018089]Step 8b (The 5G System expose sensing results to 3rd third-party application) Additionally or alternatively Bob can share sensing results and non-3GPP sensing data from the camera and Lidar within the 5G System and then it is exposed by the 5G System to a third-party3rd party application server for combination by the third-party3rd party.  It is important to note that contextual information is information forwarded alongside the sensing results which provide context to the conditions under which the sensing results were derived. This contextual information can be used in scenarios where the sensing result is to be combined with data from other sources. It should also be noted that in case contextual information is required, this information should be shared with the appropriate consent, permissions and subject to operator policy.


Figure 5.8.3-1: 5G system assisted automotive maneuvering and navigation
With the sensing information provided by Joe’s vehicle and the network, Bob’s vehicle obtains a full map of the region. The autonomous driving algorithm can make corresponding decisions reliably.
[bookmark: _Toc129336508]5.8.4	Post-conditions
Using 5G system assistance, Bob’s vehicle would be able to achieve highly reliable navigation capacity, by coordinating the operation with other vehicles to collaborate with other sensing devices to improve quality. With high-quality sensing results, advanced smart transportation use cases and autonomous driving could be achieved.
[bookmark: _Toc129336509]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.
[bookmark: _Toc129336510]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 UEs and RAN entities for a sensing service.
NOTE 1:	In the requirement above, control can include configuration such as sensing specific policies and settings (e.g., conditions for triggering sensing requests, location, etc.) coordinated amongst UE and RAN entities.
[PR 5.8.6-2] For a sensing service, the 5G system shall be able to support mechanisms for the UEs and RAN entities to provide 3GPP sensing data.
NOTE 2:	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).
[bookmark: _Hlk126918046][PR 5.8.6-3] The 5G system shall be able to support an authorized UE in the discovery of UEs and selection of RAN entities with the required 3GPP NR RF sensing capabilities for the sensing service.
[PR 5.8.6-4] Subject to user consent and regulations, based on operator policy, the 5G system shall be able to provide means to authorize and configure a UE for sensing operation (e.g., based on location, time, etc) and for establishing the communication connection needed to assist the sensing service.
NOTE 3: 	The above requirement assumes that the communication connection used for assisting sensing service (e.g. for transferring 3GPP sensing data or sensing results) can include existing communication connection modes such as direct network communication, direct device connection under network coverage and indirect network connection [33].
[PR 5.8.6-5] Subject to user consent and regulations, based on operator policy, the 5G system shall be able to support exposure of sensing results and contextual information (e.g. UE location), to a trusted third-party3rd-party application. 
NOTE 4:	Contextual information is information sent with the sensing results which provide context to the conditions under which the sensing results were derived. This contextual information can be used in scenarios where the sensing result is to be combined with data from other sources.
[bookmark: _Hlk126697502][PR 5.8.6-6] The 5G system shall be able to provide means for the 5G network to activate and/or deactivate sensing service in the target sensing area based on network conditions (e.g., network-load).
[bookmark: _Toc129336511]5.9	Use case on AGV detection and tracking in factories
[bookmark: _Toc129336512]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: _Toc129336513]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 RAN entities and UEs throughout the factory floor. The RAN entities deployment is done to optimize communication, positioning, and sensing.
The RAN 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.
5.9.3 [bookmark: _Toc129336514]Service Flows
[image: ]
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 5.9.3-1), performing regular maintenance work around a conveyor belt.
2. 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.
3. 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 are shared with a safety monitoring application of the factory, and a notification is sent to Alex to warn him of the approaching AGV.
4. Another AGV, AGV#2, enters an area (lower right area in Figure 5.9.3-1) 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.
5. In another scenario, John (lower right area in Figure 5.9.3-1), 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: _Toc129336515]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: _Toc129336516]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: _Toc129336517]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 RAN 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 third-party3rd-party application.
Editor’s note: The KPIs for this use case are FFS.
[bookmark: _Toc129336518]5.10	Use case on UAV flight trajectory tracing
[bookmark: _Toc129336519]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 rely 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 5.10.31-1, 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 third-party3rd 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: _Toc129336520]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: _Toc129336521]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 base 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 base 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 base 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: _Toc129336522]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: _Toc129336523]5.10.5	Existing features partly or fully covering the use case functionality
None.
[bookmark: _Toc129336524]5.10.6	Potential New Requirements needed to support the use case
[PR 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 RAN 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).
[PR 5.10.6-2] The 5G system shall be able to support means to authorize RAN 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.
[PR 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 third-party3rd party application.
[PR 5.10.6-4] The 5G system shall support energy efficient sensing operations.
[PR 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
	100~1000 NOTE 4
	1Hz
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 intrusion 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 realize 1m granularity tracking, when the velocity resolution is 1~10m/s, the maximum corresponding sensing service latency is 0.1~1s.
NOTE 5:	Echodyne MESA-DAATM has approximate 1Hz scan rate [40].


[bookmark: _Toc129336525]5.11	Use case on sensing at crossroads with/without obstacle
[bookmark: _Toc129336526]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 third-party3rd 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 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 third-party3rd 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 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: _Toc129336527]5.11.2	Pre-conditions
Network operator “VV” has released a sensing service for road status sensing and has deployed base 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.
Bob has a vehicle with the “assisted driving service” provided by the map service provider.
Bob drives the vehicle from home to the company in the morning of a working day.
[bookmark: _Toc129336528]5.11.3	Service Flows
[image: ]
Figure 5.11.3-1. sensing Sensing at crossroads with/without obstacle
1. The 5G base station continuously collects sensing measurement data of the road status and the sensing result is continuously reported to the trusted third-party3rd 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 third-party3rd party demand and network operator’s policy.
2. In the working day morning, Bob has started his road status sensing service when he begins driving his vehicle to his office.
3. Bob 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.
4. In the crossroad, there are some higher buildings. It is difficult for Bob to timely detect other vehicles and VRUs in the area. As example in figure 5.11.3.-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.
5. Linda’s motorcycle activity is continuously sensed by the base station under the help of other 5G system sensing entities.
6. The 5G system collects and associates the multiple sensing measurement data from multiple base stations with the crossroad location. Considering the obstacles (e.g., high buildings or trees) in this area, it impacts the sensing quality and availability of the sensing measurement data from the blocked base stations. So, the 5G system needs to select suitable sensing measurement data to derive the sensing result to guarantee the availability of the sensing service.
7. 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.
8. 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.
9. The map service provider fuses the sensing result with the map and then sends to the Tom’s vehicle.
10. 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: _Toc129336529]5.11.4	Post Conditions
Bob’s vehicle receives the real-time map information which warns Bob that there is another cross-direction motorcycle driving towards his vehicle. Bob stops his vehicle before the crossroad to avoid a potential collision. With the assistance of RAN sensing, Bob arrives in the company safely and easily. Bob 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: _Toc129336530]5.11.5	Existing features partly or fully covering the use case functionality
None.
[bookmark: _Toc129336531]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 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 third-party3rd party with refresh rate which is requested by the trusted third-party3rd 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 third-party3rd 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	Performance requirements of sensing results for sensing at crossroads with/without obstacle
	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]
	
	
	
	

	Sensing at crossroads with/without obstacle
	Outdoor 
	95
	≤1
	N/A
	N/A
	N/A
	N/A
	N/A
	≤100
NOTE 2
	≤ 0.1
	≤5
	≤5

	NOTE 1:	The terms in Table 5.11.6-1 are found in Section 3.1.
NOTE 2:	The value is sourced from [28].


[bookmark: _Toc360202468][bookmark: _Toc129336532]5.12	Network assisted sensing to avoid UAV collision
[bookmark: _Toc360202469][bookmark: _Toc129336533]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 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: _Toc129336534]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: _Toc129336535]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 base station continuously sends sensing signaling along the UAV A’s trajectory, and the UE A on board of the UAV A can send the sensing measurement data which it collects for its surrounding environment back to the 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 needs 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: _Toc129336536]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: _Toc129336537]5.12.5	Existing features partly or fully covering the use case functionality
None.
[bookmark: _Toc360202473][bookmark: _Toc129336538]5.12.6	Potential New Requirements needed to support the use case
[PR 5.12.6-1] The 5G system shall be able to provide a sensing service to track one specific target object and the environment around the target object with the assistant information provided by the UE on board the specific target object or authorized third-party3rd party.
NOTE 1: 	The assistant information for example can be UE position, UE ID.
[PR 5.12.6-2] The base stations shall be able to sense multiple specific target objects and their environments at the same time.
 [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 third-party3rd 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 third-party3rd 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 third-party3rd 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.
[PR 5.12.6-6] The 5G system shall be able to provide sensing service with follow KPIs:
Table 5.12.6-1	Performance requirements of sensing results for network assisted sensing to avoid UAV collision
	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]

	
	
	
	

	Network assisted sensing to avoid UAV collision
	Outdoor
	[99]
	1
	N/A
	1
NOTE 2
	N/A
	<1
NOTE 2
	1
	500
	0.5
	N/A
	N/A

	NOTE 1:	The terms in Table 5.12.6-1 are found in Section 3.1.
NOTE 2:	The KPI values are sourced from [25] and [40].


Editor's Note: Other potential new requirements are FFS.
[bookmark: _Toc129336539]5.13.	Use case on sensing for UAV intrusion detection
[bookmark: _Toc354586742][bookmark: _Toc354590101][bookmark: _Toc355779204][bookmark: _Toc129336540]5.13.1	Description
[bookmark: OLE_LINK31][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK29][bookmark: OLE_LINK28][bookmark: OLE_LINK26][bookmark: OLE_LINK27]UAV industry is developing quickly around the world with the widely usages in various scenarios such as aerial photography, police force, urban management, agriculture, geology, meteorology, electric power, emergency rescue and disaster relief, etc. Especially for the smart city in future, a large number of UAVs will be used to improve the quality of our daily life including industrial inspection, public security patrol, cargo transportation, live broadcast and so on. However, this also brings big challenges on UAV supervision due to the following reasons:
1) Low-altitude UAVs have characteristics as large number, small size, wide flying zone, widely used to execute complex and diverse tasks, which makes UAV supervision very difficult if only using the traditional radar system.
[bookmark: OLE_LINK36]2) Non-cooperative UAVs could intrude some no-fly zone (e.g. airport, military base) intentionally or unintentionally which would lead to serious consequences, e.g. exposing private information using the camera, blocking other UAV traffic on the flying route.
5G radio signals can be used to provide wireless access for communication, meanwhile the 5G radio signals can also be used to generate sensing data for object detection e.g. sense presence or proximity of UAVs illegal flying in a specific area. 5G System could provide sensing service by processing sensing data and output sensing information (e.g. relative position, altitude, distance, velocity, direction).  In this case, 5G System could be used for sensing the UAV intrusion in the scenarios of UAV illegal flying in restricted area include light rail, airports, government facilities, research institutes, high-speed railway stations, temporary performance venue and other permanent or temporary restricted areas.
Furthermore, considering that the UAV entering the restricted area is illegal and the UAV itself even could be illegal, this kind of sensing operation doesn’t require the cooperation of the UAV. That means the UAV may be unaware of the sensing operation.  When multiple UAVs appear in the same restricted area, the 5G system can sense presence or proximity of multiple UAVs illegal flying at the same time.
[image: ]
Figure 5.13.1-1 UAV collision risks at light rail (Level1)
Another example is flight route protection area intrusion detection. Compared to the wide no-fly zone (e.g. airport, military base), the flight route of a UAV is pre-allocated by UTM for given time period with restricted space vertically and horizontally, and it is generally much narrower and longer giving rise to more stringent requirements of positioning of an intruder.  Such route in space shall be protected from illegal or uncollaborated UAVs for potential collision and unlawful usage.  The characteristics of flight route can be virtualized in Figure 5.13.1-2 as a 3D tunnel with a 40 x 20 meter cross section which shall be monitored or sensed continuously in space and time by the 5G system to detect the presence of unauthorized usage. If illegal UAV is detected over given UAV route, 5GS will trigger intrusion alarm and UTM will take further action to warn the UAV which has been assigned for that route for potential re-routing or other necessary actions.
[image: ]
Figure 5.13.1-2 UAV collision over flight routes (Level 2)
[bookmark: _Toc355779205][bookmark: _Toc354586743][bookmark: _Toc354590102][bookmark: _Toc129336541]5.13.2	Pre-conditions
The UAVs owned by the logistics operator ‘YY’ will take off and fly. The logistics operator ‘YY’ requests UTM to manage potential illegal intrusion into the UAV flight routes protection area. The logistics operator ‘YY’ has provided the information of flight routes protection area to the UTM.
Network operator ‘MM’ provides 5G sensing service for the park, flight routes protection area of the logistics UAV and the light rail area with its 5G network covering the park, flight routes protection area of the logistics UAV and the light rail track. ‘MM’ can make use of wireless base stations to sense the airspace within their coverage area and report the sensing information to the USS/UTM as defined in TS 23.256 clause 3.1.
The Light rail operator ‘XX’ uses a UTM to management potential UAV illegal intrusion along the light rail tracks. ‘XX’ has provided its restricted area information to the UTM.
There is a need to hold a ceremony with high security requirement in the park temporarily, turning the park in a restricted area where UAVs are not allowed to enter. The administrator has a subscription for UAV prevention service from the USS/UTM.
The UTM uses ‘5G Sensing Service’ provided by 5G network Operator ‘MM’ to detect potential UAV illegal intrusion for above scenarios.
The UTM requests that once a UAV is detected that its distance from the border of the restricted area is less than 10m, the 5G system should report the event to the UTM.
The Network operator ‘MM’ can configure energy consumption sensing mode with different sensing period, e.g. operate sensing one time per 50 seconds, per 10 seconds, per second etc. And in emergency condition, the 5G system can provide continuously sensing service according to the UTM’s request.
The light rail works from 5:30 am to 23:00 pm every day.
[bookmark: _Toc129336542]5.13.3	Service Flows
[image: ]
Figure 5.13.3-1: Sensing for UAV intrusion detection
The 5G system periodically senses the restricted area whether there are UAVs flying into the restricted area border for both the Park, flight routes protection area of the logistics UAV and the light rail area.
There are three UAVs (A, B, C) flying around the restricted areas.
When UAV A flying near the Park is detected and closely tracked with required accuracy in the sensing area, the 5G system reports the sensing results to the UTM in real time and begins continuously sensing. Then, the UAV A flying into the flight routes protection area of the logistics UAV is detected, and closely tracked with required accuracy in the sensing area, the 5G system reports the sensing results to the UTM in real time and continuously senses.
When UAV B and UAV C flying near the light rail are detected, and closely tracked with required accuracy in the sensing area, the 5G system reports the sensing results to the UTM in real time and continuously senses.
To reduce energy consumption, the 5G system will notify the UTM that the 5G system cannot detect any UAVs illegal flying after a time period which is requested by the UTM. After that, the 5G system stops continuously sensing and begins periodically sensing operation according to the Network Operator’s policy.
The USS/UTM could trigger to send warning messages/notices to UAV controller based on analytical results based on the sensing information from the mobile network. Alternatively, the USS/UTM will trigger UAV countermeasures to prevent the UAV from flying in the no-fly area or flight routes protection area of the logistics UAV.
When the ceremony has been finished or the logistics UAV lands, the 5G system would stop sensing operation based on the request from UTM. And when the light rail stops operation between 23:00 pm to 5:00am next morning, the 5G system stops sensing operation to save energy.
[bookmark: _Toc129336543]5.13.4	Post-conditions
The mobile network can provide sensing service for UAV intrusion detection with high quality and continuity, to improve the accuracy and efficiency of public safety supervision and management.
USS/UTM interacts with the mobile network for sensing service and perform UAV intrusion detection based on the sensing information exposed by network.
[bookmark: _Toc129336544]5.13.5	Existing features partly or fully covering the use case functionality
None.
[bookmark: _Toc129336545]5.13.6	Potential New Requirements needed to support the use case
[PR 5.13.6-1] The 5G system shall be able to provide a sensing service by using base stations to collect sensing measurements.
[PR 5.13.6-2] The base station shall be able to sense a target object by obtaining sensing measurement without active involvement of the target object.
[PR 5.13.6-3] The 5G system shall provide mechanisms for an operator to transport sensing data from base station towards the core network.
[PR 5.13.6-4] Based on operator’s policy and subject to regulatory requirements, the 5G system shall be able to provide a mechanism for a trusted third-party3rd party to request the sensing service and based on the request, the base station shall be able to operate sensing periodically or continuously in certain location area for a certain amount of time.
[PR 5.13.6-5] Based on operator’s policy and subject to regulatory requirements, the 5G system shall be able to periodically expose sensing results to a trusted third-party3rd party application.
[PR 5.13.6-6] The 5G system shall provide a mechanism controllable by the operator, according to a business agreement, to report sensing result to a trusted third-party3rd party about a target object and multiple target objects when specific conditions are met.
 NOTE:	These conditions could be the target object distance from the restricted area border less than 10m or entering restricted area.
[PR 5.13.6-7] The 5G system shall be able to support the activation and deactivation of the sensing service according to operator’s policy.
[PR 5.13.6-8] The 5G system shall be able to provide a mechanism for network operator to configure and adjust sensing operation (e.g. authorization, sensing area, sensing operation period and sensing operation time window etc.) based on request from a trusted third-party3rd party.
[PR 5.13.6-9] The 5G system shall be able to provide sensing with following KPIs:
Table 5.13.6-1	Performance requirements of sensing results for UAV 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]

	
	
	
	

	UAV intrusion detection
NOTE 2
	Level 1
	Outdoor
	95
	≤10
	≤10
	N/A
	N/A
	10
	[5]
	[≤1000]
	[≤1]
	≤5
	≤5

	
	Levle2
	Outdoor
	95
	≤5
	≤5
	N/A
	N/A
	10
	[5]
	[≤1000]
	[≤1]
	≤5
	≤5

	NOTE 1:	The terms in Table 5.13.6-1 are found in Section 3.1.
NOTE 2: 	Level 1 and level 2 depend on the size of the restriction area to be sensed.


[bookmark: _Toc129336546]5.14.	Use case on sensing for tourist spot traffic management
[bookmark: _Toc129336547]5.14.1	Description
In order to ensure the sustainable development of tourist spots, the traffic flow management of tourist attractions should fully consider the space-carrying capacity, facility-carrying capacity, ecological-carrying capacity and other factors that may induce disasters within the area.
The scenic area controls the traffic flow through real-time monitoring, diversion of traffic and early warning and reporting. The flow control of tourist spots includes two aspects: passenger-flow management and vehicle-flow management.
Traffic data collection is an important part of traffic management. Base stations in tourist area can provide 5G communication service and also can sense the passenger and the vehicle in its coverage at gates or per unit area that are set with a finer granularity. For tourist spots with a large area, it will be convenient to use base station to have the traffic sensing data sources when it's difficult to deploy equipment like camera and other sensors.
[bookmark: _Toc129336548]5.14.2	Pre-conditions
Network Operator A provides 5G services for a famous tourist spot.
The management department of the tourist spot has subscribed the sensing service provided by 5G network Operator A. And the base stations in the tourist area can be used to sense the traffic flow and the crowd density (for both including the vehicles and passengers) constantly.
Jim is the worker of the tourist spot and responsible for traffic management.
[bookmark: _Toc129336549]5.14.3	Service Flows
[image: ]
Figure 5.14.3-1: Sensing for tourist spot traffic management
1.	When the scenic area begins to open. Jim will operate the scenic area traffic monitoring system to start real-time traffic control.
2.	The traffic management system of the scenic spot will send a service request to the operator network to start sensing the people and vehicles in the scenic spot.
3.	The base station at the entrance and exit of the scenic spot can sense the people and vehicles those will enter or leave the place, and the base stations in the scenic spot can sense the people and vehicles for certain area (e.g. walkway, parking area).
4.	Operator A reports the traffic sensing information from the base stations in the scenic spot to the traffic monitoring system. Based on the sense information, the traffic management system could analyse the traffic status and decides whether the traffic in the area is congested.
5.	If the congestion exceeds the threshold, the management system would notice Jim about the detail, and Jim would trigger to limit traffic to avoid traffic overload in the scenic spot.
[bookmark: _Toc129336550]5.14.4	Post-conditions
With 5GS support to the traffic management system, the vehicles and tourists are controlled within a reasonable range, and the spot can operate normally during business hours.
[bookmark: _Toc129336551]5.14.5	Existing features partly or fully covering the use case functionality
None.
[bookmark: _Toc129336552]5.14.6	Potential New Requirements needed to support the use case
[PR 5.14.6-1] The 5G system shall be able to provide means to use base station(s) to perform sensing in certain area. 
[PR 5.14.6-2] Subject to regulatory requirements and operator policy, the 5G system shall be able to expose sensing results to a trusted third-party3rd party application.
[PR 5.14.6-3] Subject to regulatory requirements and operator policy, the 5G system shall be able to support the activation and deactivation of the sensing service based on location.
[PR 5.14.6-4] The 5G system shall be able to provide sensing service with KPIs given in Table 5.14.6-1.
Table 5.14.6-1	Performance requirements of sensing results for tourist spot traffic management
	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]

	
	
	
	

	Tourist spot traffic management
	Outdoor
	95
	[≤2]
	N/A
	N/A
	N/A
	[1]
	[1]
	[≤5000]
	[≤0.2]
	≤5
NOTE 2
	≤5
NOTE 2

	NOTE 1:	The terms in Table 5.14.6-1 are found in Section 3.1.
NOTE 2:	Missed detection or false alarm describes missing to acquire a sensing result or acquiring a wrong sensing result which referring to a target object (a person or a vehicle), in this use case will be missing detect a person or a vehicle, not referring to the number of a crowd of people or vehicles.


[bookmark: _Toc129336553]5.15	Use case on contactless sleep monitoring service
[bookmark: _Toc101896243][bookmark: _Toc129336554]5.15.1	Description
Compared with wearable devices, contactless sensing technologies have more advantages in health status detection. With more room has reserved for un-intrusion, contactless sensing-based health monitoring gives people, especially who view object contact as uncomfortable, more options. 3GPP system are designed for catering people’s communication purpose, whose wireless signals are very rich and can be accessible ubiquitously. With additional processing, 3GPP system will breed new opportunities with contactless sensing technologies applied, such as smart health, smart home, smart city and even smart space.
Sleep Monitoring application describes the case that a human’s sleep situation is monitored without any wearable device [31]. Instead of utilizing capacitors as propagation medium, Sleep Monitoring application effectively reuses the current ubiquitously accessible medium, that is wireless signals to realize the sensing purpose. People’s presence, movement and even respiration will affect the wireless signal propagation, which on the receiving side will be presented as the fluctuation of waveform’s intensity, phase shift and etc.
Figure 5.15.1-1 describes how the wireless signals that propagated via the established direct network connection (i.e. between the radio access network and 5G UE) will be affected and distorted by the target sensing object. Generally, when people is sleeping, regular chest rise and fall will cause additional vibration of the target object when detecting the doppler [37], this is defined as the micro doppler effect in radar [32]. By observing the micro doppler effect, people’s respiration rate per minute can be counted.
[image: ]
Figure 5.15.1-1: People’s respiration affected 3GPP wireless signal propagation in an indoor environment
NOTE 1: The transmitter as shown in Figure 5.15.1-1 is an indoor small base station as described in TS22.261 [33].
NOTE 2: The transmitter as shown in Figure 5.15.1-1 can also be a CPE that is used for this service.
This sleep monitoring application can help to diagnose early symptoms of some diseases, e.g. milder symptoms of sleep apnea before it develops worse [xa41]. Through monitoring people’s breathing, i.e. respiration rate, and the breathing stoppage duration, the application server can give instructions to the user on whether or not the user is experiencing sleep apnea, and the user in return can adjust lifestyles such as losing weight or quitting smoking to avoid worse cases.
-	A person's respiratory rate is the number of breaths you take per minute. The normal respiration rate for an adult at rest is 12 to 20 breaths per minute. A respiration rate under 12 or over 25 breaths per minute while resting is considered abnormal [42].
-	The breathing stoppage duration is the amount of time that a sleep apnea patient stops breathing, which can be from 10 seconds to two minutes or more [41]. We take breathing stoppage duration = 10 seconds for example as the trigger of the event reporting to the application server. When the user triggers this sensing service, the sensing system will monitor this special event and report it to the application server.
[bookmark: _Toc101896244][bookmark: _Toc129336555]5.15.2	Pre-conditions
The device installing this sleep monitoring application is 5G UE.
[bookmark: _Toc101896245]There is a service agreement between MNO and sleep monitoring operator. The MNO can also be the sleep monitoring application provider.
[bookmark: _Toc129336556]5.15.3	Service Flows
1. The application user Bob triggers the sleep monitoring application on the 5G UE. When the application server receives the request, the application server contacts the 5G system to trigger the sensing service to monitor Bob’s respiration rate.
2. 5G system discovers a base station (or CPE) to start the sleep monitoring sensing service.
3. The base station (or CPE) coordinates with Bob’s phone (5G UE) to perform the sensing measurement. The base station and the 5G UE can be transmitter and receiver or vice versa. The receiver measures the 5G wireless signals (e.g., number of detected transmission paths, micro doppler shift, etc.) and collects them as the sensing measurement data.
4. Sensing measurement data is processed to derive the sensing results (e.g. respiration rate) locally or is provided to the 5G network: 5G network processes the sensing measurement data to derive the sensing results and exposes the sensing results to the sleep monitoring application server.
5. The 5G UE receives the sleep monitoring feedback from the application server and shows it to the application user Bob. Bob can have sleep apnea and needs the application to further monitor his breathing stoppage duration. An event with “breathing stoppages duration = 10 seconds” is triggered by Bob and received by the application server, which then contacts the 5G system to trigger this event.
6. 5G system adjusts the sensing measurement process and executes Steps 3-5. When the event report criteria are satisfied, i.e. Bob is detected to have a 10-second breathing stoppages duration, the application server will receive the notification sent by 5G system.
[bookmark: _Toc101896246][bookmark: _Toc129336557]5.15.4	Post-conditions
The user experiences the sleep monitoring application enabled by the 5G network. Bob changes his lifestyle, he does more exercise, and tries to lose weight to avoid the sleep apnea problem.
[bookmark: _Toc101896247][bookmark: _Toc129336558]5.15.5	Existing feature partly or fully covering use case functionality
None.
[bookmark: _Toc101896248][bookmark: _Toc129336559]5.15.6	Potential New Requirements needed to support the use case
[bookmark: _Hlk112258372][PR 5.15.6-1] The 5G system shall support mechanisms to discover and configure a UE and a base station to perform sensing measurements in a certain sensing service location area.
[PR 5.15.6-2] The 5G system shall support mechanisms to derive and expose sensing results to a trusted third-party3rd party.
[PR 5.15.6-3] The 5G system shall be able to provide 5G wireless sensing service with the following KPIs:
Table 5.15.6-1	Performance requirements of sensing results for contactless sleep monitoring
	Scenario
	Sensing service area
	Confidence level [%]
	Motion rate accuracy
	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]
	
	
	
	

	Sleep monitoring
	Outdoor (bedroom)
	95
	2 times/min
[0.033Hz]
NOTE 2
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	60s
	60
	5 NOTE 3
	5
NOTE 3

	NOTE 1:	The terms in Table 5.15.6-1 are found in Section 3.1.
NOTE 2:	Respiration rate = 18 times/min as reference, any detected value in [16,20] satisfies accuracy requirements.
NOTE 3:	Detect event = “breathing stoppages duration >= 10 seconds” as reference.



* * * Next Change * * * *

[bookmark: _Toc129336586]5.19.5	Existing feature partly or fully covering use case functionality
There are requirements specified in 22.261, 6.37.2 to support ranging services that are relevant to this use case. These were developed in the FS_Ranging study. [43]
-	The 5G system shall be able to support for a UE to discover other UEs supporting ranging.
-	The 5G system shall be able to start ranging and stop ranging according to the application layer’s demand.
-	The 5G system shall be able to provide mechanisms for a MNO, or authorized third-party3rd party, to provision and manage ranging operation and configurations.
-	The 5G system shall be able to support ranging enabled UEs to determine the ranging capabilities (e.g. capabilities to perform distance and/or angle measurement) of other ranging enabled UEs.
-	The 5G system shall be able to allow a ranging enable UE to determine if another ranging enabled UE is stationary or mobile, before and/or during ranging.
-	The 5G system shall allow ranging service between 2 UEs triggered by and exposed to the application server.
Differences between this use case and the above ranging requirements, and ranging in general include:
-	Sensing data is not acquired 'between UEs' but by means of different sensing technologies.
-	It is not sufficient to discover other UEs that support sensing: these must be in the discovering UE's proximity and the discovered UE's precise location must be ascertained.
-	In this use case, a 'sensing group' is formed, where in Ranging, all range information was acquired through interactions directly (or indirectly if relayed) between UEs.
[bookmark: _Toc129336587]5.19.6	Potential New Requirements needed to support the use case
[PR 5.19.6-1]	Based on third-party3rd party request, the 5G system shall be able to discover a suitable sensing group where sensing transmitters and receivers are within 100m range to be localized within 10cm of accuracy, with accuracy of sensing measurement within 5 ms of synchronization.
[PR 5.19.6-2]	Based on third-party 3rd party request, the 5G system shall be able to discover a sensing group in the proximity of the UE that is requesting the service from the AS.
NOTE:	This requirement assumes that a UE requests an AS to discover a set of sensing group members that have sensing functions that can provide sensing service.
[bookmark: _Toc129336588]5.20	Use case of Sensing for Parking Space Determination
[bookmark: _Toc129336589]5.20.1	Description
Sensing technology can improve the user experience in parking garage via enabling the vehicle and parking garage to get more information, e.g. information whether a parking space is available or not. The indoor/underground parking garage can install multiple Sensing receivers and Sensing transmitters throughout the concrete structure for detecting the availability of the parking space. The outdoor parking garage can also exploit multiple Sensing receivers and Sensing transmitters for detecting the availability of the parking space.
Another related use case is automated parking e.g. AVP (Automated Valet Parking) and AFP (Automatic Factory Parking) [45] where cars are provided with drive-path information to do automated parking in a given parking lot facility. Connectivity is an important component in automatic parking, and the 3GPP sensing technology can serve as the way to determine available parking spaces and the best route for a car to reach it.
The coverage could be either a public network or a private network specifically for the parking garage. For the Sensing receiver(s) and Sensing transmitter(s) indoor, see figure 5.20.1-1, one deployment scenario is that Sensing receiver(s) and Sensing transmitter(s) can be ceiling-mounted and located in such a way as to provide sensor coverage for the parking bays within the structure, where the Sensing transmitter and Sensing receiver can be co-located. Another deployment method is that some Sensing receiver(s) and Sensing transmitter(s) can be ceiling-mounted and some can be mounted on the floor or wall, where the Sensing transmitter and Sensing receiver can be separately located. For the Sensing receiver(s) and Sensing transmitter(s) outdoor, see figure 5.20.1-2, Sensing receiver(s) and Sensing transmitter(s) can be deployed at a relative high place to guarantee the coverage of the parking garage.
[image: ][image: ]
Figure 5.20.1-1: Parking space determination (indoor deployment)
[image: ]
Figure 5.20.1-2: Parking space determination (outdoor deployment)
Multiple methods can be used via using the sensing signals emitted from the Sensing transmitter to detect the target object/area and the sensing signals bounced/reflected. For example, the Sensing receiver can measure the reflected signal power of the target area [8]. Since the cars are usually made of metal materials and the ground is, on the contrary, covered by cement or plastic cement, these objects can vary significantly on the reflected signal power, thus the Sensing receiver can distinguish whether a parking space is taken by simply measuring the reflected signal power difference. Another example method is that the Sensing receiver(s) and Sensing transmitter(s) can identify a parking space availability by monitoring the target movements. Comparing with the stationary objects such as ground and poles, the Sensing receiver(s) and Sensing transmitter(s) can easily distinguish a car when a car is parking or leaving, thus by measuring the distance/angle/velocity, the Sensing receiver(s) and Sensing transmitter(s) can record that a parking space is occupied when a car is parking, and that a parking space is free when a car is leaving. Or the Sensing receiver(s) and Sensing transmitter(s) can also detect a parking space availability by generating a 3-D point cloud [9], then both the stationary and moving target can be easily detected in a 3-D point cloud especially with some backend data processing skills such as machine learning/deep learning.
[bookmark: _Toc129336590]5.20.2	Pre-conditions
This use case is about a public multi-storey parking garage who has installed Sensing receiver(s) and Sensing transmitter(s) throughout the concrete structure to detect the positions of people, objects, and vehicles within the garage. The concrete structure can make coverage difficult and, especially in underground levels, coverage provided by external transmitters can be very poor. This parking garage can provide the information to the entering vehicles about the availability of the parking space.
Consider an example scenario shown in Fig. 5.20.2-1. A typical parking space is with length 5 m and width 2.5 m. So, from the horizontal dimension, the resolution requires to distinguish different parking spaces. The results can be aggregated by the parking garage operator and the parking state can be updated in seconds even when the coverage of the parking garage is poor, which helps avoid a wasting of time for the entering vehicles.

[image: ]
Figure 5.20.2-1: Example of sensing scenario
[bookmark: _Toc129336591]5.20.3	Service Flows
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 parking garage service for availability of a parking bay in floor #B2.
2. The parking garage operator can activate the sensing devices in floor #B2 for sensing. Sensing receiver(s) and Sensing transmitter(s) sense the parking spaces without interfering each other or with bearable interference. The sensing results can be aggregated by the parking garage operator.
3. With the aggregated sensing results, the parking garage operator 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.
4. James can see the available parking bays on his in-car display and choose a suitable one.
[bookmark: _Toc129336592]5.20.4	Post-conditions
Thanks to sensing, James has found a parking space on the correct floor without issue, making his life easier during daily travel.
[bookmark: _Toc129336593]5.20.5	Existing features partly or fully covering the use case functionality
None.
[bookmark: _Toc129336594]5.20.6	Potential New Requirements needed to support the use case
[bookmark: _Hlk119659897]Editor’s note: A requirement on the operation of Sensing out of coverage when the Sensing receiver(s) and Sensing transmitter(s) are UEs is FFS.
[PR 5.20.6-1] The 5G system shall be able to provide sensing services in licensed and unlicensed spectrum. 
[PR 5.20.6-2] The 5G system shall be able to authorize Sensing receiver(s) and Sensing transmitter(s) to participate in a sensing service.
[PR 5.20.6-3] Based on operator’s policy, the 5G system shall enable a trusted third-party3rd party to request the activation of the sensing service with specific KPI requirement, as well as deactivation of the same service.
[PR 5.20.6-4] The 5G system shall be able to support charging for the sensing services (e.g. considering service type, sensing accuracy, target area, duration).
[PR 5.20.6-5] The 5G system shall be able to provide a sensing service considering the interference to the Sensing service caused by the sensing operations between multiple Sensing transmitter(s) and Sensing receiver(s).
[PR 5.20.6-6] The 5G system shall be able to provide sensing with following KPIs.
Table 5.20.6-1	Performance requirements of sensing results for parking space determination
	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]

	
	
	
	

	Parking space determination
	Indoor/ outdoor
	95
	0.5
	0.5
	0.1
	N/A
	2.5m perpendicular to the parking space
5m parallel to the parking space
	N/A
	1000
	1
	1
	5

	NOTE:	The terms in Table 5.20.6-1 are found in Section 3.1.


[bookmark: _Toc129336595]5.21.	Use case of Seamless XR streaming
[bookmark: _Toc129336596]5.21.1	Description
Extended Reality (XR) is an important 5G use case. Split-rendering architectures, where the heavy XR video rendering computation is done at the application server based on control information received from the UE, poses strict Quality-of-Service (QoS) requirements in terms of round-trip latency and throughput for delivering the video and control info. 
It is therefore crucial to always maintain a high-quality wireless link for XR. Thus, it is critical to predict and adapt fast to wireless channel changes. This is especially true in Millimeter wave bands in which the channel and propagation characteristics are very sensitive to user and environment changes such as blockages, user motion or rotation.
To adapt fast to the wireless channel changes, an understanding of the wireless channel dynamics is required. The channel dynamics depend on understanding the surrounding environment such as the transmitter and receiver locations, geometry of the buildings, moving scatterers, location and material of blockers, etc.
Interestingly, most of the XR streaming devices (e.g., 5G phones, AR/VR headsets) and third-party3rd party entities that support 5G (i.e., 3GPP sensors)  also support non-3GPP sensors, such as RF sensors, Inertial Measurement Units (IMU) sensors, RGB cameras, position sensors, and others.
In light of the availability of 3GPP and non-3GPP sensors and the need of environment understanding, it is therefore natural to utilize the overall sensing information to acquire an understanding of the surrounding environment.
To this end, a “Sensing RF Map Service” can be envisioned that enables the collection of sensing information from 3GPP and non-3GPP sensors, process and provide that information to a sensing service.
· The input to this “Sensing RF Map” service could be 3GPP sensing data and non-3GPP sensing data from multiple sensors, e.g., RF sensing data, XR user position, camera images, depth maps, hand tracking, motion type, etc. Such input could be produced by a 5GS entity (e.g,, UE or RAN entities) or by a third-party3rd party (e.g., surveillance camera). It is essential to note that the collection of this sensing should be done with appropriate user consent and adherence to regional and national regulations.
· The processing of 3GPP and non-3GPP sensing data can be performed within the 5G system or outside the 5GS (for example on an application server). In this use case, we are focus on processing in the 5G system.
· The output of this service (i.e., sensing result) is some understanding of the environment and/or impact to communication performance of a service consumer, e.g., RF environment mapping, etc. When sensing result is shared outside of the 5GS, the appropriate consent and permissions for sharing this information is required.
· The consumer of this service could be a third-party3rd party application or other entities in the 5GS.
It is important to note that while this service is provided by 5GSor edge server, business model for the monetization of this service would need to consider factors such as the entities involved in sensing, the transfer of the non-3GPP sensing data and the value of sensing RF Map information produced by these entities as well as the value to the consumer of the service. These considerations are also required for scenarios involving 3GPP only sensing operations but additional considerations are indeed required for non-3GPP sensing data which is generated outside the 5G system.
[bookmark: _Toc129336597]5.21.2	Pre-conditions
Jose is playing a game inside a gaming arena using a VR headset that is connected to a RAN entity.  The VR headset, RAN entity and third-party3rd party surveillance system are configured to provide “3GPP sensing data and non-3GPP sensing data” to the “Sensing RF Map Service”.
The VR headset is equipped with 3GPP sensors and non-3GPP sensors such as, IMU sensors and cameras, and it can provide sensing inputs e.g., 3GPP sensing data, headset pose and location, velocity, images of the environment and processed images (such as motion pattern and maps). Also, the VR headset can provide communication reference signal measurements or reports to the Sensing RF Map Service.
RAN entity has 3GPP NR RF capabilities and can provide 3GPP sensing data to the 5GS, which processes and provides sensing results to the sensing RF Map service.
The gaming arena also has cameras deployed by a trusted third-party3rd party surveillance camera company and can provide images of the environment and processed images (such as motion pattern and maps) to the 5GS.
[bookmark: _Toc129336598]5.21.3	Service Flows
1.	Jose is playing a game using a VR headset in an arena with some obstacles and other gamers in the environment. Jose moves through the arena and approaches a communication blocker which could potentially impact the performance of the wireless communication between VR headset and the RAN entity.
2.	Jose’s VR headset, RAN entity and the third-party3rd party surveillance system provide 3GPP sensing data, and non-3GPP sensing data to the Sensing RF Map Service. The Sensing RF Map Service combines the 3GPP and non-3GPP sensing data  to produce a  sensing result which is a comprehensive RF map of the environment surrounding the headset (e.g. information such as the location of RAN entities, reflectors, static blockers, etc. and an indication of wireless link blockage event, e.g., people walking by blocking the 5G link).
NOTE:	An RF map is a spatial/geographical representation of environmental characteristics (e.g., wireless propagation and objects such as RF signal reflectors, blockers in the environment). This map enables improvements in areas such as radio resource management, beam management, mobility and user applications.
3. 5GS uses the RF map to predict that Jose’s communication link is about to be blocked if he comes close to the blocker and such prediction is sent to communication and/or the application layers of the game. For example, the application layer adjusts the content of rendered video frames accordingly (e.g., lowers the frame rate, adds a virtual obstacle in the rendered video to prevent Jose from coming close to the blocker.)
[bookmark: _Toc129336599]5.21.4	Post-conditions
Jose enjoys seamless XR gaming application without video frame drops, i.e., no video glitches. This is because Sensing RF map Information was leveraged to assist both the communication service as well as the application.
[bookmark: _Toc129336600]5.21.5	Existing features partly or fully covering the use case functionality
None.
[bookmark: _Toc129336601]5.21.6	Potential New Requirements needed to support the use case
[PR 5.21.6-1] Subject to user consent and regulatory requirements, based on operator policy, the 5G system shall be able to support secure means for RAN entities and authorized UEs to provide 3GPP sensing data to a 5G network for processing.
[PR 5.21.6-2] Subject to user consent and regulatory requirements, based on operator policy, the 5G system shall be able to collect non-3GPP sensing data from trusted parties.
[PR 5.21.6-3] Subject to user consent and regulatory requirements, based on operator policy, the 5G system should be able to support the combination of the 3GPP sensing data and non-3GPP sensing data to derive combined sensing result.
[PR 5.21.6-4] Subject to user consent and regulatory requirements, based on operator policy, the 5G system shall be able to expose the combined sensing results to a trusted third-party3rd party service provider.
[bookmark: _Toc129336602]5.22	Use case of UAVs/vehicles/pedestrians detection near Smart Grid equipment
[bookmark: _Toc129336603]5.22.1	Description
In the future, there will be more and more autonomous driving devices, such as drones and self-driving cars. These devices have a strong ability to affect the surrounding environment, which may have an impact on the operating equipment in Smart Grid.
For example, vehicles, such as UAVs and engineering vehicles, may affect the operation safety of multiple links such as power generation, power transmission, and power transformation.
At present, multiple scenarios of power transmission and transformation in the Smart Grid industry have potential combination with integrated sensing and communication technology. Among them, there are related accidents caused by hooking or damaging transmission lines by vehicles in the power transmission process. Thus, the transmission stations need to identify and warn vehicles. In the process of power transformation, there are security risks such as candid photography and attack by drones, getting electric shock when approaching, etc. In a word, there are requirements for perimeter intrusion detection and UAV detection in substations.
[bookmark: _Toc129336604]5.22.2	Pre-conditions
There are existing 5G base stations deployed near the transmission stations and substations, which can provide constant remote sensing of the location of intruders in the coverage area including UAVs, engineering vehicles and pedestrians. Network operator A can use these 5G base stations to provide 5G sensing service for the Smart Grid operator X, including sensing the motion trail of the UAVs, vehicles and pedestrians in their working area.
The Smart Grid Operator X uses the 5G sensing service provided by 5G network Operator A to detect potential intrusion/approaching of UAVs, vehicles and pedestrians near the transmission stations and substations.
The Smart Grid operator sets the border of restricted area for the transmission stations/lines and substations in which no UAVs, vehicles or pedestrians can be access, and define a warning distance value. Once a UAV, traffic vehicle, or pedestrian is detected that its distance from the border is less than the warning distance value, the 5G system will report the event to the Smart Grid operator to send the alerting message.
The 5G base stations can sense the location of the UAV/traffic vehicle/pedestrian constantly and send these data to the 5G core network. Then the sensing node and computing node can analyse and predict the path of the UAV or pedestrian according to a large amount of data and give early warning of potential security risks.
[bookmark: _Toc129336605]5.22.3	Service Flows
1.	The Smart Grid Operator X requests sensing service from network operator A to collect sensing data in the defined area (i.e., the park covering transmission stations and substations). The network operator A configures the base stations located in the defined area to perform sensing.
2.	The 5G base station constantly collects sensing measurement data of the location of UAVs/vehicles/pedestrians in the defined area and send the sensing data to the 5G core network with a defined frequency to obtain the sensing result (i.e., the distance between the UAV/traffic vehicle/pedestrian and the border or motion trail).
3.	The 5G system will send notification to UAVs/vehicles/pedestrians with UE that they are near a restricted area. 5G system will also report the sensing results to the Smart Grid operator. The Smart Grid operator determines to send the alerting message to the intruding/approaching UAVs/vehicles/pedestrians based on the sensing results. In addition, the staffs working in the park respond to the emergency and prepare to intercept the intruding/approaching if the UAVs/vehicles/pedestrians are not away.
[bookmark: _Toc129336606]5.22.4	Post-conditions
The UAVs/vehicles/pedestrians are away from the defined area. Potential security risks are avoided. Thanks to the wide-area and constant sensing capability of the 5G base station, and the precise data processing and prediction by the 5G core network, the safety supervision of the Smart Grid is improved.
[bookmark: _Toc129336607]5.22.5	Existing features partly or fully covering the use case functionality
In TS22.261, there are existing requirements on information exposure:
In clause 6.10:
The 5G system shall be able to:
-	provide a third-party with secure access to APIs (e.g. triggered by an application that is visible to the 5G system), by authenticating and authorizing both the third-party and the UE using the third-party's service.
-	provide a UE with secure access to APIs (e.g. triggered by an application that is not visible to the 5G system), by authenticating and authorizing the UE.
-	allow the UE to provide/revoke consent for information (e.g., location, presence) to be shared with the third-party.
-	preserve the confidentiality of the UE's external identity (e.g. MSISDN) against the third-party.
-	provide a third-party with information to identify networks and APIs on those networks.
[bookmark: _Toc129336608]5.22.6	Potential New Requirements needed to support the use case
[PR 5.22.6-1] Subject to operator policy, the 5G system shall enable the network to expose a suitable API to a authorized third party to provide the information regarding sensing results.
[PR 5.22.6-2] Based on operator policy, the 5G system may be able to utilize sensing assistance information exposed by a trusted third-party 3rd party to derive the sensing result.
NOTE:	Sensing assistance information is information that is provided to 5G system by a trusted third-party3rd party and can be used to derive sensing result. Examples of sensing assistance information are map information, area information, etc.
[PR 5.22.6-3] The 5G system shall be able to support the following KPIs:
Table 5.22.6-1	Performance requirements of sensing results for UAVs/vehicles/pedestrians’ detection near Smart Grid equipment 
	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]

	
	
	
	

	Sensing for the use case in Smart Grid NOTE 2
	Outdoor
	95
	≤0.7
	N/A
	UAV: ≤25
Pedestrian: ≤1.5
Vehicle: ≤15
	N/A
	N/A
	N/A
	≤5s
	≥10Hz
	[≤5]
	[≤5]

	NOTE 1: The terms in Table 5.22.6-1 are found in Section 3.1.
NOTE 2: The typical size (Length x Width x Height) of UAV is 1.6m x 1.5m x 0.7m, the typical size of pedestrian is 0.5m x 0.5m x 1.75m, and the typical size of engineering vehicle is 7.5m x 2.5m x 3.5 m. The size of the park of Smart Grid depends on the real environment. 
NOTE 3: The safe distance between pedestrian/vehicle and transmission station/line is 0.7m/0.95m [46].


[bookmark: _Toc129336609]5.23	AMR collision avoidance in smart factories
[bookmark: _Toc129336610]5.23.1	Description
Autonomous mobile robots (AMR) are currently being introduced in many logistics operations, e.g. manufacturing, warehousing, cross-docks, terminals, and hospitals.  Compared to an automated guided vehicle (AGV) system in which a central unit takes control of scheduling, routing, and dispatching decisions for all AGVs, AMRs are robots built with intelligence to autonomously move and perform tasks. AGVs is expected to further be evolved into intelligent AMR to meet the demand of intelligent factory.
Compared to AGVs which move on transport paths guided by rails, magnetic markers etc. AMRs can travel automatically without derivatives or guides. AMRs don’t rely on predetermined paths, they can easily adjust routes as user demands change, so AMRs have wider mobile range and more flexibility. AMRs can not only stop on time to avoid humans and other obstacles, but also adjust its route for its destination. However, during the AMR working process, the sensing range of a single AMR is limited and the AMR surrounding environment status may be not detected in time. For example, People or other machines that suddenly appear from behind the large factory equipment can affect the driving safety of the AMR. So, it is very challenge for AMR to get accurate and continuous sensing information along its route. 
5G Base stations can be deployed in a factory not only to provide communication capabilities for equipments in the factory but also sense the surrounding environment e.g. obstacles or people in the trajectory of AMRs.  Base stations transmit the sensing signals and receive the reflected signals to get sensing information, then reports the real-time sensing measurement data to the core network. The core network can process and analyze the sensing measurement data for outputting the sensing result. Such sensing result can be exposed to a trusted third-party3rd party e.g. automation platform of the factory to enables AMRs to know more information about the surrounding environment to improve efficiency and driving safety.
In addition, when there are obstacles (e.g., the large factory equipment) to block the transmission of radio signals or AMR trajectory is across indoor and outdoor, multiple base stations with sensing capability can work together to improve the sensing accuracy and sensing service continuity.
[bookmark: _Toc129336630]
* * * Next Change * * * *

5.26	Use case on accurate sensing for automotive maneuvering and navigation service
[bookmark: _Toc129336631]5.26.1	Description
It is forecasted that there will be approximately 8 million autonomous or semi-autonomous vehicles on the road by 2025 [49]. NR wireless sensing will assist with automotive maneuvering and navigation, especially in scenarios where single car-mounted sensors collecting information is not enough for making safe and reliable decisions, e.g. to avoid a collision, pedestrians, etc.
This scenario reuses the use case as defined in section 5.8, where NR wireless sensing is utilized to assist automotive maneuvering, i.e. sensing results play an important role in making the maneuvering decisions. However, the sensing environment when RAN entities and Ues UEs execute the sensing measurement process may be subject to high interference (e.g. interference caused by adjacent RAN entities, radars, fake base stations) and cause the sensing information as collected to be wrong.
The sensing information provided to the Automated Driving System (ADS) server need to be fully trustworthy: reliability, integrity, high confidence level and protection against tampering are key aspects. Users (and third parties) should not be able to fraud the ADS Server by tampering the sensing information in order to influence the maneuvering decision.
[bookmark: _Toc129336632]5.26.2	Pre-conditions
Refer to 5.8, where Bob’s vehicle is detected to be blocked by other vehicle and cannot do the decision for autonomous driving with sensors collected data (e.g. from lidar, radar, camera, etc). Bob recognizes the needs of 5G system assistance and requests 5G System for coordination of the sensing service.
[bookmark: _Toc129336633]5.26.3	Service Flows
1. Bob drives in down town, and is approaching a cross road with regulatory signs, where the sensors on Bob’s vehicle are blocked by other vehicles. Bob’s vehicle cannot see the surroundings and Bob sends the sensing request to 5G system.
2. The 5G system gives instructions about how to proceed the sensing to Bob’s vehicle and Bob’s vehicle selects Joe’s vehicle to assist the sensing service. Joe’s vehicle transfers the sensing information to Bob’s ADS server.
3. Bob’s ADS server utilizes the sensing assistance information to do the decision, Bob decelerates before the traffic light.
4. Bob continues the journey and drives in a tunnel (10km length), the sensors on Bob’s vehicle are detected to be blocked by a big truck. Bob sends the sensing request to 5G system.
5. The 5G system selects RAN entities (e.g. road side units) to assist the sensing service. The 5G system transfer the sensing information collected by RAN entities to Bob’s ADS server.
6. Bob’s ADS server utilizes the sensing information to do the decision, and Bob accelerates to overtake the big truck.
7. Bob continues the journey and drives in a desert area and some sensors on Bob’s vehicle are detected to be broken (e.g. because of heat). Bob’s vehicle sends the sensing request to 5G system.
8. The 5G system selects RAN entities (sparsely deployed in desert area) to assist the sensing service. With the feedback from RAN entities, the 5G system transfer the sensing information together with the indication of confidence level as 60% to the ADS server.
9. Bob’s ADS server utilizes the indication and sensing information, and decides to return to Level 0 driving for safety.
[bookmark: _Toc129336634]5.26.4	Post-conditions
Bob’s vehicle is able to drive with high reliability by utilizing accurate 5G sensing service.
[bookmark: _Toc129336635]5.26.5	Existing features partly or fully covering the use case functionality
None.
[bookmark: _Toc129336636]5.26.6	Potential New Requirements needed to support the use case
[PR 5.26.6-1] The 5G system shall be able to determine the confidence level of the sensing results.
[bookmark: _Toc129336637]5.27	Use case public safety search and rescue or apprehend
[bookmark: _Toc129336638]5.27.1	Description
The ability to quickly locate an individual that is either missing (search and rescue) or is a suspect in an illegal activity (apprehend) is very important for public safety. Statistics show that the quicker a missing person can be found the higher the possibility they can be found in good condition. Similarly for a suspect in an illegal activity, the quicker they can be located the less likely they can hide or commit another illegal activity. These activities can be in both an outdoor environment and indoors.
Leveraging the sensing capability of a 3GPP network and integrating the feature with other 5G capabilities (e.g., metaverse, augmented reality, location, network relay, etc.) can provide a huge advantage to public safety.
In an outdoor example, an elderly person with Alzheimer’s Disease wanders off into the woods and does not know how to return. The longer it takes for public safety to locate this person the more likely they may suffer injuries or medical issues, such as dehydration, cuts, bruises, broken bones, or worse, death. Another example is an individual who robs a bank and escapes into the nearby forest and swamps. The longer it takes to track down and find the individual, the more difficult it becomes and the bigger the risk of them taking hostages, hurting others, or escaping completely.
With the density of base station deployments and with large numbers of 5G enabled UE’s, the 5G coverage includes a large amount the territory of most countries.  These base station signals and the signals of UE’s can also be used to sense the environment for object detection.
Assumptions for this use case:
· Trusted third-party3rd party applications for interpreting and presenting the data to public safety is required,
· Devices must be trusted and communicate information togethers; and
· Precision 3-axis location is needed.
An indoor example would be a firefighter entering a building with limited or no visibility using sensing integrated with firefighter heads-up displays/UEs (metaverse/AI/ML) sensing can better allow the firefighters to locate possible people trapped inside and allow them a better view of the rooms as they work through the building.
Indoor 5G coverage can be challenging but leveraging features like UE-to-UE relay, UE-to-Network Relay, UE-to-Network multi-hop relay and UE-to-UE multi-hop relay and allowing the devices to work together can provide good coverage and capability to provide indoor sensing services in this challenging environment.
Assumptions for this use case:
· The use of UE-to-Network Relay and UE-to-UE relay can provide a more reliable connectivity.
· Devices must be trusted and communicate information togethers; and
· Precision 3-axis location is needed.
[bookmark: _Toc129336639]5.27.2	Pre-conditions
1) Operator A’s network supports sensing capability with their base stations and have 3GPP sensing enabled UEs on their network.
2) Local public safety officials have a relationship with Operator A allowing them to access the networks sensing capability and service.
3) Appropriate security and privacy requirements are in place between the operator and the public safety organization.
[bookmark: _Toc129336640]5.27.3	Service Flows
1) Public safety is notified of a need to search for an individual.  This could be either a search and rescue, or an apprehend scenario and could involve both indoor and outdoor environments.
2) Operator A’s network is 3GPP sensing enabled and public safety’s UEs are 3GPP sensing enabled.
3) Public safety personnel begin searching for the individual using both traditional methods, UAVs and UE’s with 3GPP sensing capabilities.
4) Depending on coverage there may be a need to leverage indirect network connections.
5) Using the 3GPP sensing data and non-3GPP sensing data public safety can quickly locate the person of interest.
6) The individual is located using the combinations of capabilities.
[bookmark: _Toc129336641]5.27.4	Post-conditions
The individual is located faster than without 3GPP sensing capability. The additional harm that might have occurred to the individual or community is avoided.
[bookmark: _Toc129336642]5.27.5	Existing features partly or fully covering the use case functionality
TBD
[bookmark: _Toc129336643]5.27.6	Potential New Requirements needed to support the use case
[PR.5.27.6-1] The 5G system shall support exposing the information of sensing result (e.g., location, relative location, velocity vectors, relative headings, etc.) to the trusted and secure mission critical applications.
[PR.5.27.6-2] The 5G system shall support mechanisms for combining 3GPP sensing data and non-3GPP sensing data (e.g., body cameras.) depending on location, availability of non-3GPP sensing data, and public safety applications.
[PR.5.27.6-3] The 5G system shall support security and protection of the 3GPP sensing data, non-3GPP sensing data, and 3GPP sensing results.
[PR.5.27.6-4] The 5G system shall provide a secure sensing service for Mission Critical Services.
[PR.5.27.6-5] The 5G system shall be able to provide the sensing service with the following KPIs:
Table 5.27.6-1	Performance requirements of 3GPP sensing results for public safety search and rescue or apprehend
	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]

	
	
	
	

	Search and Rescue/Apprehend
	Outdoor/Indoor
	99
	≤ 0.5
	≤ 1.0
	Pedestrian: ≤1.5

	Pedestrian: ≤1.5

	3
	Horiz: 5
Vert: 5
	≤1s
	≥10Hz
	[≤3]
	[≤3]

	NOTE:	The terms in Table 5.27.6-1 are found in Section 3.1.


[bookmark: _Toc129336644]5.28	Use case on Vehicles Sensing for ADAS
[bookmark: _Toc129336645]5.28.1	Description
Advanced Driving Assistance System(ADAS) uses various sensors (Wireless Sensing millimeter wave radar, lidar, monocular / binocular camera and satellite navigation) installed on the vehicle to sense the surrounding environment at any time during the driving process, collect data, identify, detect and track static and dynamic objects, and carry out systematic calculation and analysis in combination with navigation map data, so as to make the driver aware of the possible dangers in advance, and effectively increase the comfort and safety of driving.
[image: ]
Figure 5.28.1-1 ADAS overview
There is an opportunity for 3GPP New Radio (NR) based sensing technologies to be added into ADAS. 5G based wireless sensing service could improve the ADAS reliability and quality.
The ADAS has the map information, the real time location/ trajectory of the car and can assist the car driving, e.g. stop the car for avoiding collision. The car (as 3GPP UE) are is equipped with 3GPP NR based sensing technology. When the UE initially accesses the 5G network, the UE is authorized by the 5G network to participate in sensing under the operator’s control. The sensing measurement data is from the NR based sensor, and the sensing result is sent to the ADAS system of the car. Collaborating with other non-3GPP sensing devices/technologies, NR based sensing result as input to ADAS could improve the comfort and safety of driving.
The vehicle as a 3GPP UE based sensing sensor is important for automotive use cases, it can operate under network control & complements network based sensing. Network based sensing alone cannot fully address the automotive use case needs, e.g.: 
1. There may be a blockage from the network (base station) to the sensed target.
2. ADAS concerns more on relative positioning other than absolute position. Network based sensing introduces additional errors (due to compounding errors of two separate positions).
3. Automobiles applications may determine sensing priority/performance requirements locally (not visible to gNB).
UE based sensing resources allocations can be under the control of the network (e.g. base station). For UEs inside the coverage of enhanced network for sensing, resources can be directly controlled. Sensing results of the automobiles can be shared via 3GPP connections (Uu or PC5).
It is expected that the 3GPP NR sensing service for ADAS should meet the requirement and level of commercial ADAS radar sensing performance. Based on requirements for existing automotive sensors, the RF based sensing requirements for automotive applications are as the following table.
Table 5.28.1-1 RF based sensing requirements for automotive applications of existing automotive sensors
	Parameter
	Typical Automotive Radar KPIs

	
	Long Range Radar [10][12][20][50][51][52]
	Short Range Radar [10][12][20][52][53][54]

	Maximum range
	250-300m
(for RCS of 10dBsm with >90%detection probability)
	30-100m

	Range resolution
	10-75cm
	5-20cm

	Range accuracy
	±10 to ±40cm
	±2 to 10cm

	FOV azimuth
	±9-15deg
	±60-85deg

	Azimuth resolution
	1-3deg
	3-9deg

	Azimuth accuracy
	±0.1-0.3deg
	±0.3-5deg

	Update rate
	5 to 20 fps
	20 to 50 fps

	Max one-way velocity
	±50m/s to ±70m/s
	±30m/s

	Velocity resolution
	0.1 –0.6 m/s
	0.1 - 0.6 m/s

	Velocity accuracy
	±0.03m/s to ±0.12 m/s
	±0.03m/s to ±0.12 m/s



Although all vehicles on the road are expected to be equipped with NR radio, but not necessarily utilizing them for 100 percent of time. Enabling NR radio based sensing for ADAS can be a better utilization of the capability and radio resources.
[bookmark: _Toc129336646]5.28.2	Pre-conditions
The 3GPP UE in the car has 3GPP subscription and is authorized by the operator to perform sensing.
[bookmark: _Toc129336647]5.28.3	Service Flows


Figure 5.28.3-1 Gesture Recognition
1. Tom buys a new car with the latest ADAS equipped.
2. Tom wants to drive the car from home to the company in the morning of a working day. Tom drives from home to the road. The 3GPP NR based sensor in Tom’s car transmits the 3GPP NR signal to the other car(s) in the same road, and receives the reflected signal to detect the distance and speed of the other car(s) to feed to the ADAS in Tom’s car.
3. While the car is driving on the highway, suddenly a car is stopped before the Tom’s car due to an accident, fortunately it is timely detected by the NR based sensor.
4. The NR based sensors send the collision warning to the ADAS, the ADAS stops the car immediately.
5. Finally, Tom’s car avoids a collision accident and leaves the highway safely.
[bookmark: _Toc129336658]
* * * Next Change * * * *

5.30	Use case on sensing for automotive maneuvering and navigation service when not served by RAN
[bookmark: _Toc129336659]5.30.1	Description
Consider the scenario defined in section 5.8, where NR wireless sensing is utilized to assist automotive maneuvering, i.e. sensing results play an important role in making the maneuvering decisions. However, in this use casesection the vehicles are not served by RAN when the Sensing activity is expected to occur, where UE is not served by RAN of the its authorized PLMN’s RAN entities, and therefore RAN entities are unable to be involved. UEs collecting the sensing measurement process in this scenario have to be able to operate when UE is not served by RAN.
[bookmark: _Toc129336660]5.30.2 	Pre-conditions
Refer to 5.8, where Bob’s vehicle determines the need for sensing service. Bob’s vehicle integrates a UE supporting V2X application i.e. Bob’s vehicle supports V2X. Sensing can be performed by 5G Wireless sensing. Unlike in clause section 5.8, the vehicles are not served by RAN and perform 5G Wireless sensing without help of the network entities. Bob’s vehicle has been provisioned by his home operator to be able to perform 5G Wireless sensing when not served by RAN. There may be other vehicles or RSU (road side unit) helping the 5G Wireless sensing of the Bob’s vehicle.
[bookmark: _Toc129336661]5.30.3		Service Flows
1. Bob is driving from urban to rural countryside. As his vehicle is operational, in motion, and attempting to assist his driving using ADS, Bob’s vehicle is performing sensing using 5G Wireless sensing.
2.Bob drives his vehicle outside the coverage area of its mobile network. The 5G Wireless sensing continues providing assistance to Bob’s driving.
3. Bob’s vehicle approaches Joe’s vehicle.
4. Bob’s vehicle becomes aware of Joe’s vehicle by Bob’s onboard Sensing receiver(s) receiving 5G Wireless sensing reflected by Joe’s vehicle.
5. Bob’s vehicle applies this new object information to the local ADS function to ensure a safe, collision-free, drive.
[bookmark: _Toc129336662]5.30.4	Post-conditions
Bob’s vehicle is able to drive with high reliability by utilizing 5G sensing service when not served by RAN.
[bookmark: _Toc129336663]5.30.5		Existing features partly or fully covering the use case functionality
None.
[bookmark: _Toc129336664]5.30.6		Potential New Requirements needed to support the use case
[PR 5.30.6-1] The 5G system shall be able to provide mechanisms for an MNO to configure UEs supporting V2X application for 5G Wireless sensing operation when not served by RAN.
[PR 5.30.6-2] Subject to regulation, the 5G system shall enable UEs supporting V2X application to perform 5G Wireless sensing when not served by RAN using the allowed ITS spectrum and unlicensed spectrum.
[PR 5.30.6-3] The 5G system shall be able to provide the continuity of V2X 5G wireless sensing between when the UE is served by RAN and when the UE is not served by RAN.
Editor’s note: Requirement [PR 5.30.6-3] is FFS.
[bookmark: _Toc129336665]5.31	Use case on blind spot detection
[bookmark: _Toc129336666]5.31.1	Description
Blind spot detection reduces the risk of accidents during lane changes by monitoring the dangerous blind spot area [26]. The blind spot area is a typically a moving target area that changes when car moves if we take the road infrastructure as reference point. Currently, the blind spot detection system operates via a variety of external sensors located on a car’s bumpers and wing mirrors, which can detect if a person or vehicle enters your blind spot, notifying you via an audible or visual cue - typically, a warning light located in the car’s wing mirror.
[image: Graphical user interface, application

Description automatically generated]
Figure 5.31.1-1: blind spot detection system, a moving target area.
Wireless sensing technology can be utilized to detect obstacles that presents in car’s blind spot area:
· Case I: Base stations on the roadside are already used to provide 5G coverage for communication, and the radio signals that reflected can be used to sense the blind spot area of a car.
· Case II: Base stations on the roadside are already used to provide 5G coverage for communication, and the radio signals that received by the UE (i.e. the car is a 3GPP UE, or there is a 3GPP UE such as smartphone on the car) can be used to sense the blind spot area of the car.
Any obstacle that presents in the car’s blind spot area, no matter the obstacle is moving (e.g. car, motorcycle, walking human, animal etc) or static (building, tree), will affect the reflected/received signals. By deriving the characteristics of the affected signals, obstacle can be detected, and danger can be avoided. It is convenient to utilize current deployed 5G network system to achieve this blind spot detection.
This use case is to reuse 5,8 to describe the blind detection aspects.
[bookmark: _Toc129336667]5.31.2	Pre-conditions
MNO provides blind spot detection sensing service to different kinds of subscribers:
· Bob’s car is a 5G UE and subscribes to this sensing service.  His car has NR-based sensing technology and capabilities such as NR-based sensing capabilities, sensing processing capabilities are also provided to the MNO.
· Juan’s car is not a 5G UE, but his 5G UE (smartphone) subscribes to this sensing service, where an application is installed on the 5G UE.
· Alex’s car is not a 5G UE, an application installed on his car subscribes to this sensing service.
Laura has no subscription to the blind spot detection sensing service.
[bookmark: _Toc129336668]5.31.3	Service Flows
Step 1: Bob, Juan, Alex and Laura are friends and driving together to Alps skiing resort. At 8:00am, Bob starts from Street A, Juan and Alex start from Street B and Laura start cars from Street C. Bob, Juan and Alex trigger the blind spot detection sensing service separately.
Step 2: When received the service request, 5G system discovers and configures sensing transmitter(s) and sensing receiver(s) to track and monitor the moving car’s blind spot area (from sensing transmitter’s perspective), e.g.:
· Bob’s car is a 5G UE and has NR-based sensing capabilities, 5G system configures base station(s) as sensing transmitter and Bob’s car as the sensing receiver. The moving blind spot area is tracked by Bob’s 5G UE.
· Juan’s car and Alex’s car are not 5G UE. 5G system configures base station(s) as sensing transmitter and sensing receiver. Juan’s car’s moving blind spot area and Alex’s car’s moving blind spot area are separately tracked by 5G base station.
Step 3: Sensing measurement data is collected by sensing receiver and transferred to the sensing processing entity to derive the sensing result, which is then exposed to the service consumer to fetch out whether there is obstacle presence in the blind spot area, e.g.
· Bob’s car is a 5G V2X UE and has processing capabilities, 5G system authorizes 5G UE as sensing processing entity.
· Juan’s car is not a 5G V2X UE, but Juan has his smartphone (5G UE) carried in car, 5G system authorizes 5G UE as sensing processing entity.
· Alex has no 5G UE on board, 5G system processes the sensing measurement data to derive sensing result.
Step 4: A car is moving very fast from Street A to Street B to Street C and presents sequentially in Bob’s, Juan’s Alex’s and Laura’s blind spot area.
· Bob is changing lane, the moving car is detected and Bob safely changed lane.
· Juan and Alex turning left, the moving car is detected and they safely turned right.
· Laura is overtaking a truck, the moving car suddenly presents in the blind spot area, Laura forgets the over-shoulder view and hits the moving car.

* * * End of Changes * * * *
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