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Abstract: Changes in clause 5.13 till 5.26 to accommodate sensing transmitter and sensing receiver
1. Introduction
As proposed in S1-23xxxx, this contripution proposes to have changes in use cases 5.13 till 5.26 to align them with using already agreed sensing transmitter and sensing receiver, except for 5.19 to be updated in the other contribution (S1-23yyyy) and 5.20 where those terms have already adopted thoroughout.
2. Reason for Change
Same as in S1-23xxxx.
3. Proposal
It is proposed to agree the following changes to 3GPP TR 22.837.


* * * First Change * * * *
[bookmark: _Toc120625214][bookmark: _Toc99442480][bookmark: _Toc100862447]5.13.	Use case on sensing for UAV intrusion detection
[bookmark: _Toc354586742][bookmark: _Toc354590101][bookmark: _Toc355779204][bookmark: _Toc120625215]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
[bookmark: _Toc355779205][bookmark: _Toc354586743][bookmark: _Toc354590102][bookmark: _Toc120625216]5.13.2	Pre-conditions
Network operator ‘MM’ provides 5G sensing service for the park and the light rail area with its 5G network covering the park and the light rail track. ‘MM’ can make use of wireless base stationssensing transmitter(s) and receiver(s) 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: _Toc120625217]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 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.
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.
When the ceremony has been finished, 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: _Toc120625218]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: _Toc120625219]5.13.5	Existing features partly or fully covering the use case functionality
None.

[bookmark: _Toc120625220]5.13.6	Potential New Requirements needed to support the use case
[P.R 5.13.6-001] The 5G system shall be able to provide a sensing service by using base stationssensing transmitter(s) and receiver(s) to collect sensing measurements.
[P.R 5.13.6-002] The base stationsensing receiver shall be able to sense a target object by obtaining sensing measurement without active involvement of the target object.
[P.R 5.13.6-003] The 5G system shall provide mechanisms for an operator to transport sensing data from base stationthe sensing receiver towards the core network.
[P.R 5.13.6-004] Based on operator’s policy and subject to regulatory requirements, the 5G system shall be able to provide a mechanism for a trusted 3rd party to request the sensing service and based on the request, the base stationsensing transmitter and receiver shall be able to operate sensing periodically or continuously in certain location area for a certain amount of time.
[P.R 5.13.6-005] Based on operator’s policy and subject to regulatory requirements, the 5G system shall be able to periodically expose sensing results to a trusted 3rd party application.
[P.R 5.13.6-006] The 5G system shall provide a mechanism controllable by the operator, according to a business agreement, to report sensing result to a trusted 3rd 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.
[P.R 5.13.6-007] The 5G system shall be able to support the activation and deactivation of the sensing service according to operator’s policy.
[P.R 5.13.6-008] 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 3rd party.
[P.R 5.13.6-009] 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
	Outdoor
	95
	≤10
	≤10
	N/A
	N/A
	10
	[5]
	[≤5000]
	[≤0.1Hz]
	[≤5]
	[≤5]

	NOTE:	The terms in Table 5.13.6-1 are found in Section 3.1.



[bookmark: _Toc120625221]5.14.	Use case on sensing for tourist spot traffic management
[bookmark: _Toc120625222]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 stationsSensing transmitter(s) and receiver(s) 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 stationthe sensing transmitter and receiver to have the traffic sensing data sources when it's difficult to deploy equipment like camera and other sensors.
[bookmark: _Toc120625223]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 stationssensing transmitter(s) and receiver(s) 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: _Toc120625224]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 stationssensing transmitter(s) and receiver(s) 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 stationssensing receivers 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: _Toc120625225]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: _Toc120625226]5.14.5	Existing features partly or fully covering the use case functionality
None.
[bookmark: _Toc120625227]5.14.6	Potential New Requirements needed to support the use case
[P.R 5.14.6-001] The 5G system shall be able to provide means to use base station(s)sensing transmitter(s) and receiver(s) to perform sensing in certain area. 
[P.R 5.14.6-002] Subject to regulatory requirements and operator policy, the 5G system shall be able to expose sensing results to a trusted 3rd party application.
[P.R 5.14.6-003] 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.
[P.R 5.14.6-004] 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]
	[≤0.1]
	[≤5]
	[≤5]

	NOTE:	The terms in Table 5.14.6-1 are found in Section 3.1.


[bookmark: _Toc120625228]5.15	Use case on contactless sleep monitoring service
[bookmark: _Toc101896243][bookmark: _Toc120625229]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 networksensing transmitter and 5G UEsensing receiver) 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 [xa]. 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: _Toc120625230]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: _Toc120625231]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)sensing transmitter to start the sleep monitoring sensing service.
3. The base station (or CPE)sensing transmitter coordinates with Bob’s phone (5G UE)the sensing receiver 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: _Toc120625232]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: _Toc120625233]5.15.5	Existing feature partly or fully covering use case functionality
None
[bookmark: _Toc101896248][bookmark: _Toc120625234]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 sensing transmitter and a base stationsensing receiver 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 3rd 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 (NOTE3)
	5
(NOTE3)

	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


[bookmark: _Toc120625235]5.16	Use case on Protection of Sensing Information
[bookmark: _Toc120625236]5.16.1	Description
This use case re-uses the scenario where a UE sensing transmitter and sensing receiver performs sensing to detect intruders in the home, as per use case 5.1 (intruder detection in smart home). The additional aspect introduced in this use case is that there is an unauthorised user that is attempting to collect sensing information from Mary's home.
[bookmark: _Toc120625237]5.16.2	Pre-conditions
Refer to use case 5.1 where 5G CPEs (i.e. UEs)the sensing transmitter and sensing receiver are set up to detect intruders when Mary's home is vacant as her family is on holiday.
[bookmark: _Toc120625238]5.16.3	Service Flows
An unauthorised user is in the vicinity of Mary's home.
In Mary's home, the 5G CPEsensing transmitter transmits 5G signals, and the reflected signals are used by the unauthorised user's devicesensing receiver to collect sensing information.
As the 5G signals from the CPEs sensing transmitters in Mary's home are protected, the unauthorised user's device sensing receiver fails to derive any sensing information.
[bookmark: _Toc120625239]5.16.4	Post-conditions
The privacy of sensing information in Mary's home is preserved.
The unauthorised user cannot use the 5G signals to detect that the family is not at home.
[bookmark: _Toc120625240]5.16.5	Existing features partly or fully covering the use case functionality
None
[bookmark: _Toc120625241]5.16.6	Potential New Requirements needed to support the use case
[PR 5.16.6-1] The 5G system shall provide a mechanism to protect identifiable information that can be derived from the sensing measurements data from eavesdropping.
[bookmark: _Toc120625242]5.17	Use case on health monitoring at home 
[bookmark: _Toc120625243]5.17.1 	Description
Tom is an elderly person living in his house. Since he has become weaker, he has subscribed to a wireless sensing service of his MNO so that his health state (including e.g. lack of movement, detection of falls, breathing rate)  can be monitored 24/7 when he is at his home. Wireless sensing is a promising technology for health monitoring [34] [35] [36] [37] that does not require a person to wear a health monitoring device on his/her body (which people may forget, requires recharging, and can be uncomfortable to wear over long periods of time).
A single base stationsensing transmitter is not capable of covering Tom’s home with good coverage. Thus, multiple base stations capable of acting as wireless transmitters and/or receiverssensing transmitters and sensing receivers owned by MNO cooperate to ensure excellent coverage. Furthermore, the received reflected radar signal is sometimes weak, and thus, the MNO offers the possibility of using a phone with wireless sensing receiving capabilitiessensing transmitter and/or sensing receiver owned by a user. The usage of the phoneuser’s sensing transmitter and/or sensing receiver also allows more accurate measurements of certain vital signs (e.g. breathing rate) since the phoneit is close to Tom. The usage of the phoneuser’s sensing transmitter and/or sensing receiver also allows the MNO to offload the workload from the base stationMNO owned sensing transmitters and sensing receivers to the phoneuser owned sensing transmitters and receivers. Also other UEs sensing transmitters and receivers in vicinity of Tom could take part in the sensing.
Fig. 5.x.1.1 shows a schematic illustration of how such system could look like, whereby the blue arrow indicates transmitted wireless sensing signals from Base Stationsensing transmitter A, and the green dashed arrows indicate reflected wireless sensing signals received by Base Stationsensing receiver B and Tom’s phone as a sensing receiver.
[image: Diagram

Description automatically generated]
Figure 5.17.1-1: Example of a distributed sensing system (incl. two base stations, a UE and a Sensing function).
[bookmark: _Toc120625244]5.17.2	Pre-conditions
1.	Tom has subscribed to the sensing service offered by an MNO.
2.	The MNO has deployed two RAN entities (e.g. base station A and base station B)a sensing transmitter and a sensing receiver that are capable of wireless communication and sensing. The base stations can act as wireless sensing transmitters and/or wireless sensing receivers.  These two base stationsThe sensing transmitter and the sensing receiver are sufficiently close to Tom's house to provide good coverage in and around Tom's house in the frequency bands used for wireless sensing. Tom’s subscription includes a phone with wireless sensing capabilities for more accurate sensing.
3.	Tom has an own sensing receivermobile phone that is capable of detecting wireless sensing signals. Tom can use it to directly and/or more accurately sense his health state.
4.	The sensing measurement data from the base stations and UEssensing receivers is collected and processed by a sensing function that can be deployed in the 5GS or provided by an external application or a combination thereof. The exact separation of functionalities between those entities is not explored further in this use case. The sensing function is assumed to be capable of extracting health state information, e.g. lack of movement, detection of falls, breathing rate from these sensing measurements, determine the sensing requirements (e.g. accuracy), and determine the criteria/thresholds (e.g. lack of movement) on when to create an alert.
[bookmark: _Toc49943788][bookmark: _Toc49944501][bookmark: _Toc120625245]5.17.3	Service Flows
1.	Based on Tom’s sensing subscription, information about a user (in this case Tom) is obtained including information about where he lives and sensing requirements that are needed (e.g. sensing of movements which can be used to detect falls or sufficient activity of Tom).
2.	Base stationSensing transmitter A starts transmitting the wireless sensing signal.
3.	Tom is currently located in the living room. If Tom is at this location, base stationsensing transmitter A can hardly receive the reflection of its transmitted sensing signal. However, base stationsensing receiver B can receive a strong reflection of that sensing signal. Base stationsensing transmitter A and sensing receiver B coordinate with each other so that Base Stationsensing receiver B is capable of processing the received reflected wireless sensing signal, generating sensing measurement and/or sensing results that are sent to a sensing function for further processing. In this manner, movements of Tom in and around the house can be monitored, and it can be detected if Tom falls.
4.	Tom feels a bit weak today and decides to measure his health state in more detail. Tom was told that he needs to carry his phone sensing receiver to enable this. Tom picks up his phone and uses it as a wireless sensing receiver capable of picking up and processing the reflected wireless sensing signal transmitted by Base stationsensing transmitter A. This requires the phoneTom’s sensing receiver to coordinate wireless sensing with Base stationsensing transmitter A, which includes for example exchanging of capabilities (since the sensing capabilities can differ per phone) and coordinating of timing/frequencies of sensing signals. Since Tom’s phone sensing receiver is very close to Tom, Tom can use his phone sensing receiver for more accurate sensing of certain vital signs, such as breathing rate and heart rate. The phone sensing receiver sends measurements to a sensing function for further processing. When Tom goes to sleep, he puts his phone sensing receiver next to him to monitor his vital signs also during the night.
5.	When Tom’s health state is determined to be in danger, e.g., when Tom falls or stops moving, the family or emergency services gets alerted of such event.
[bookmark: _Toc49943789][bookmark: _Toc49944502][bookmark: _Toc120625246]5.17.4	Post-conditions
The sensing service/application receives accurate sensing measurements about Tom and can generate alerts if an adverse event happens to Tom.
[bookmark: _Toc49943790][bookmark: _Toc49944503][bookmark: _Toc120625247][bookmark: _Toc49943791][bookmark: _Toc49944504]5.17.5	Existing features partly or fully covering the use case functionality
None
[bookmark: _Toc120625248]5.17.6	Potential New Requirements needed to support the use case
[PR 5.17.6-1] The 5G system shall be able to coordinate wireless sensing among a set of RAN entities and UEssensing transmitters and sensing receivers.
[bookmark: _Hlk112333527][PR 5.17.6-2] The 5G system shall support a mechanism for the 5G network to retrieve the wireless sensing capabilities from UEs and RAN entitiessensing transmitters and receivers, and for the UEs and RAN entitiessensing transmitters and receivers to exchange capabilities amongst each other.
[PR 5.17.6-3] The 5G system shall support a mechanism for two or more authorized UEs and/or RAN entitiessensing transmitters and receivers to take part in the wireless sensing of a target, whereby the authorization may be provided based on location.
[PR 5.17.6-4] The 5G system shall support a mechanism to provide wireless sensing capable UEs and RAN entitiessensing receivers  with information of which network entity or destination server to send the sensing measurement data to.
[bookmark: _Toc120625249]5.18	Use case on service continuity of unobtrusive health monitoring.
[bookmark: _Toc120625250]5.18.1 	Description
An elderly home has installed a new 5G system capable of providing communication and sensing capabilities through the facilities as illustrated in Figure 5.18.1-1. The deployed 5G system includes multiple sensing devices, e.g., base stationssensing transmitters and sensing receivers, providing connectivity and sensing capabilities. These sensing devices can perform wireless sensing of a target, in this case, health monitoring (e.g. fall/activity detection [34][35][36] or wireless sensing of vital signs such as heart rate [38] or breathing rate [37] of one or more persons). Since elderly people move through the facilities, it is important to provide health monitoring independently of the base station used for sensingsensing transmitter and the sensing receiver. The staff of the elderly home really likes this new 5G wireless sensing feature because it is unobtrusive and offers various advantages over the old system that they use with body worn sensors. For example, they don’t need to recharge or replace the batteries of body worn sensors anymore and remind people or help people to wear them after they took them off (for example to take a shower). The elderly people themselves also like it more, since the body worn sensors often made them feel uncomfortable, especially during sleep or during hot days. Installing cameras was not seen as a good alternative because of the privacy concerns.
In the provided use case, base stations cooperate with each other to ensure service continuity for sensing of a ‘target’ user. In this particular scenario, a user, Robert, is considered who moves through the facilities. Robert's health is quite frail and requires continuous monitoring of his health state without interruption. Robert is currently sensed by means of (indoor) base station A located near his room and is moving out of the sensing area of base station A and approaching the sensing area of base station B covering the recreation/eating area and part of the hallway. Base station A and base station B cooperate in such a way that it is ensured that base station B has started wireless sensing of Robert before base station A stops its wireless sensing of Robert. When Robert is in range of both base station A and B, both base stations can cooperate to perform simultaneous wireless sensing. Similarly, when Robert decides to go for a walk to the garden that is covered by Base Station C, the sensing of Robert is seamlessly continued by Base Station C. The sensing measurement data is collected and processed by the 5G system (e.g. to detect certain movement patterns) and then exposed to a sensing application that is automatically monitoring health anomalies. If a health anomaly is detected (e.g. Robert falls down), an alarm is triggered indicating the health condition as well as the location of the monitored user.
[image: Diagram
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Figure 5.18.1-1: Example of service continuity between Base stations A, B and C.
[bookmark: _Toc120625251]5.18.2	Pre-conditions
1.	MNO operates a 5GS providing wireless sensing capabilities through a set of base stations installed in the elderly home and its garden, as illustrated in Figure 5.x.1-1.
2. 	Robert has subscribed to the wireless sensing service offered by the 5GS in cooperation with an external application provider. Robert provided some identification information, e.g. which room he resides in, the identity of his mobile phone and/or some physical characteristics (e.g. length). The application provider has no knowledge of the RAN infrastructure operated by the MNO.
[bookmark: _Toc120625252]5.18.3	Service Flows
1.	Robert is currently located in his room in the elderly home. The closest nearby base station, i.e. base station A infers, based on the identification information provided by Robert, that Robert is in his room. Base station A starts wireless sensing of Robert, whereby it sends the sensing measurements to the 5GC for further processing, after which the sensing results are sent to a sensing application to detect health anomalies
2. 	Robert starts moving toward the garden.
3.	When leaving his room and entering the hallway, the wireless sensing signal conditions of base station B become better than those of base station A. 
4.	The 5G system coordinates the responsibility of sensing Robert from base station A to base station B. During this time, both base station A and B might sense Robert.
5. 	Base station B is used for sensing Robert
6. 	Base station A can stop sensing Robert.
7. 	When leaving the elderly home and entering the garden, Base Station C continues the sensing of Robert.
[bookmark: _Toc120625253]5.18.4	Post-conditions
Robert’s vital signs are monitored without interruption independently of his location.
[bookmark: _Toc120625254]5.18.5	Existing features partly or fully covering the use case functionality
None
[bookmark: _Toc120625255]5.18.6	Potential New Requirements needed to support the use case
[PR 5.18.6.1] The 5G system shall support service continuity for wireless sensing of a target between different sensing devices.
Editor’s Note: It is FFS if [PR 5.18.6.1] can be solved at application layer.
[bookmark: _Toc120625270][PR 5.18.6.2] The 5G system shall support simultaneous wireless sensing of a target by means of multiple sensing devices.

* * * Next Change * * * *
5.21.	Use case of Seamless XR streaming
[bookmark: _Toc120625271]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 3rd party entities that support 5G are also provided with sensors, such as RF sensors, Inertial Measurement Units (IMU) sensors, RGB cameras, position sensors, and others.
In light of the availability of 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 Assistance Service” can be envisioned that enables the collection of sensing information from multitude of sensors, process and provide that information to 3rd party applications.
· The input to this service, “Sensing Assistance information” could be sensing measurement data and sensing results from multiple sensors, e.g., RF sensing results, XR user position, camera images, depth maps, hand tracking, motion type, etc. Such input could be produced by a 5GS entity (sensing measurement data and sensing results) or by a 3rd party (e.g., surveillance camera). It is essential to note that the collection of this sensing assistance information should be done with appropriate user consent and adherence to regional and national regulations.
· The output of this service is some understanding of the environment and/or impact to communication performance of a service consumer, e.g., RF environment mapping, etc.
· The consumer of this service can be a 3rd party application.
It is important to note that while this service is provided by 5GS/edge, business model for the monetization of this service would need to consider factors such as the entities, transfer of the non-RF sensing data and the value of sensing assistance information produced by these entities as well as the value to the consumer of the service.

[bookmark: _Toc120625272]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 capable of a sensing transmitter and/or a sensing receiver.  The VR headset, RAN entitysensing transmitter, sensing receiver and 3rd party surveillance system are configured to provide “Sensing Assistance Information” to the “Sensing Assistance Service” which could be at the edge.
The VR headset is equipped with NR RF sensors, IMU sensors and cameras, and it can provide Sensing Assistance Information e.g., NR RF sensing results, 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 a network entity, which to process and provide sensing measurements results to the Sensing Assistance Service.
RAN entity has NR RF capabilities andThe sensing receiver can provide NR RF sensing measurement data to a network entity, which to process and provide sensing results to the sensing assistance service.
The gaming arena also has cameras deployed by a trusted 3rd party surveillance camera company and can provide images of the environment and processed images (such as motion pattern and maps).
[bookmark: _Toc120625273]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 capable of a sensing transmitter and/or sensing receiver and the 3rd party surveillance system provide sensing measurements results to the Sensing Assistance Service. The Sensing Assistance Service fuses together the sensing measurements results from RF and non-RF sources to produce a comprehensive RF map of the environment surrounding the headset (information such as the location of RAN entitiessensing transmitter or sensing receiver, reflectors, static blockers, etc) and an indication of wireless link blockage event, e.g., people walking by blocking the 5G link.
Editor’s Note: Further clarification of RF Map is FFS.
1. 5GS/edge 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 the application layer of the game. 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.)
Editor’s Note: Further clarification of the relation between this use case and “Use case on Transparent Sensing” in Clause 5.4 of the TR 22.837 is FFS.
[bookmark: _Toc120625274]5.21.4	Post-conditions
Jose enjoys seamless XR gaming application without video frame drops, i.e., no video glitches. This is because Sensing Assistance Information was leveraged to assist both the communication service as well as the application.
[bookmark: _Toc120625275]5.21.5	Existing features partly or fully covering the use case functionality
None
[bookmark: _Toc120625276]5.21.6	Potential New Requirements needed to support the use case
[PR.5.21.6 - 001] Subject to user consent and national or regional regulation, based on operator policy, the 5G system shall be able to support secure means for RAN entities and authorized UEs sensing transmitters and sensing receivers to provide NR RF sensing measurement data and/or sensing results to a 5G network entity for processing.
Editor’s Note: The sensing measurement data and sensing result terminologies can be revisited based on future updates.
[bookmark: _Toc120625277]5.22	Use case of UAVs/vehicles/pedestrians detection near Smart Grid equipment
[bookmark: _Toc120625278]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: _Toc120625279]5.22.2	Pre-conditions
There are existing 5G base stations deployed and/or UE populated 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 and UEs as sensing transmitters and/or sensing receivers 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 stationssensing receiver 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: _Toc120625280]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 stationssensing transmitters and the sensing receivers located in the defined area to perform sensing.
2.	The 5G base stationsensing receiver 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: _Toc120625281]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 stationsensing transmitter and the sensing receiver, and the precise data processing and prediction by the 5G core network, the safety supervision of the Smart Grid is improved.
[bookmark: _Toc120625282]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: _Toc120625283]5.22.6	Potential New Requirements needed to support the use case
[PR. 5.22.6 - 001] 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 - 002] 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: _Toc120625284]5.23	AMR collision avoidance in smart factories
[bookmark: _Toc120625285]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 stationsSensing transmitter and receivers 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 stationsSensing transmitters and sensing receivers 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 3rd 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 equipments) 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: _Toc120625286]5.23.2	Pre-Conditions
5G Network operator ‘MM’ provides 5G sensing service in the factory of Company A. Its 5G system has been deployed covering the factory to provide continuous sensing service indoor and outdoor.
Company A has placed two AMRs (AMR 1 and AMR2) in its factory for moving goods from workshop A to workshop B. At the same time, there are people moving around in both workshops, and other goods or tools may be temporarily placed on the route of the AMRs. The people walking in the workshop and the goods may block the AMR route, jeopardizing production safety. In addition, the two AMRs may collide considering their flexible routes.
The AMRs of Company A uses ‘5G Sensing Service’ provided by 5G network Operator ‘MM’ during they are working. In order to ensure data security, the related sensing data is not permitted to be delivered outside Company A.
[bookmark: _Toc120625287]5.23.3	Service Flows
Figure 5.23.3-1 shows the route change of AMR1 in the process of carrying goods.
[image: ]
Figure 5.23.3-1: Sensing People or obstacles detection in smart factory
1. The AMR#1 is delivering the car parts from workshop A to Sam who is near the assembly line in workshop B.
2. The sensing measurement data collected by Base stationsensing receiver #1, the 5G system processes the sensing measurement data to obtain sensing results and detects the proximity of obstacles along the trajectory of AMR#1. 5G system provides the sensing result to the AMR#1, and AMR#1 then re-route and bypass the obstacles based on the sensing result.
3. AMR#1 is leaving the Workshop A and across from indoor to outdoor.
4. The sensing measurement data is collected by Base stationsensing receiver #2, the 5G system processes the sensing measurement data to obtain sensing results and detects the proximity of Daming who is walking across the trajectory of AMR#1. 5G system provides the sensing result to the AMR#1, then AMR#1 stops to wait for Daming to leave.
5. AMR#1 enters the Workshop B.
6. The sensing measurement data is collected by Base stationsensing receiver #3, the 5G system processes the sensing measurement data to obtain sensing results and detects the AMR#2 near AMR#1. 5G system provides the sensing result to AMR#1, then AMR#1 re-routes and bypasses the obstacles based on the sensing result.
7. When AMR#1 enters the coverage of Base Stationsensing receiver #4, using the sensing measurement data from Base stationsensing receiver #4, the 5G system processes the data to obtain sensing results and detects the proximity of John who is behind a large machine. 5G system provides the sensing result to AMR#1, then AMR#1 stops and waits for John to leave.
AMR#1 successfully delivers the car parts to Sam in workshop B.
[bookmark: _Toc120625288]5.23.4	Post-Conditions
Based on the communication and sensing services provided by the 5G network, the AMRs in the factory operate normally and reduce safety incidents.
[bookmark: _Toc120625289]5.23.5	Existing features partly or fully covering the use case functionality
None.
[bookmark: _Toc120625290]5.23.6	Potential New Requirements needed to support the use case
[PR 5.23.6 -1] The 5G system shall be able to provide the continuity of sensing service for a specific target object, across indoor and outdoor.
[PR 5.23.6 -2] The 5G system shall be able to provide a secure mechanism to ensure sensing result data privacy within the sensing service area.
 [PR 5.23.6-3] The 5G system shall be able to support the following sensing related KPIs:
Table 5.23.6-1	Performance requirements of sensing results for AMR collision avoidance in smart factories
	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]

	
	
	
	

	AMR collision avoidance in smart factories
	100m
	99
	≤1
	N/A
	1
	N/A
	1
	10
	˂500
	≥20Hz
	N/A
	5

	NOTE 1: The terms in Table 5.23.6-1 are found in Section 3.1.
NOTE 2: The KPI values are sourced from [47]


[bookmark: _Toc120625291]5.24	Use case on roaming for sensing service of sports monitoring
[bookmark: _Toc120625292]5.24.1	Description
Sports monitoring application describes the case of a human being monitored when doing exercise via utilizing wireless signals instead of cameras, or wearable devices. With enhanced privacy preservation, wireless signals that propagated in the 5G system (e.g. between 5G UE and 5G UE, and between the radio access network and device) can be further reused and processed to retrieve the target sensing object’s characteristics [48]. In a sports monitoring situation, the target object is human and the target object’s characteristic is human body gesture. By comparing the detected body gesture with the correct body gesture when people are doing exercises like sit-ups, and push-ups, this sport monitoring application will give feedback, for example, it can count the number of the exercise e.g. sit-ups, and calculate calories.
[bookmark: _Toc120625293]5.24.2	Pre-conditions
The sports monitoring application provider has a service agreement with mobile operator A in country X and mobile operator B in country Y.
Mobile operator A in country X and Mobile operator B in country Y has roaming agreements.
Bob installs a sports monitoring application on his mobile phone and subscribes to the sensing service with mobile operator A.
[bookmark: _Toc120625294]5.24.3	Service Flows
1. Bob is a sports fan and does exercise every day. He travels to country Y and gets accommodation in hotel M, where mobile operator B’s sensing service is available. Bob triggers the application and selects his favorite sport, sit-up.
2. The sensing request is received by Mobile operator B and Mobile operator B then authenticates whether the sensing request can be satisfied, e.g. by verifying the sensing system availability (infrastructure, sensing modalities), the roaming agreement with Bob’s home mobile operator A in country X, the identity of Bob and etc.
3. If the authentication succeeds, mobile operator B authorizes and provides such 5G sensing service to Bob with required performance targets and requirements and Bob pays for the sensing service to mobile operator B.
· Executes sensing measurement process (e.g. micro doppler shift) with the sensing entities (e.g. RAN entities and the roaming UE, or CPE and the roaming UE)transmitters and the sensing receivers to obtain sensing measurement data;
· Processes the sensing measurement data to derive sensing result and expose it to the application server.
4. If the authentication fails, mobile operator B does not provide such 5G sensing service to Bob and potentially, Bob or the sports monitoring application server will receive the reason of why mobile operator B cannot provide such sensing service.
[bookmark: _Toc120625295]5.24.4	Post-conditions
Bob can enjoy the sports monitoring application even when he travels in another country.
[bookmark: _Toc120625296]5.24.5	Existing features partly or fully covering the use case functionality
Roaming-related authentication and charging may refer to existing requirements as defined in Clause 9 in TS22.261:
The following set of requirements complement the requirements listed in 3GPP TS 22.115. The requirements apply for both home and roaming cases.
The 5G core network shall support collection of charging information for alternative authentication mechanisms
The 5G system shall be able to generate charging information regarding the used radio resources e.g. used frequency bands.
[bookmark: _Toc120625297]5.24.6	Potential New Requirements needed to support the use case
[PR 5.24.6-1] Based on operator policy, the 5G System shall be able to provide the 5G wireless sensing services in case of roaming.
[PR.5.24.6-2] The 5G system shall be able to provide 5G wireless sensing service with the following KPIs:
Table 5.24.6-1	Performance requirements of sensing results for sports 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]
	
	
	
	

	Sports monitoring
	Indoor (living room)
	95
	3 times/min
[0.05Hz]
(NOTE 2)
4 times/min
[0.07Hz]
(NOTE 3)
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	60s
	1min
	N/A
	N/A

	NOTE 1: The terms in Table 5.24.6-1 are found in Section 3.1.
NOTE 2: Sit-up rate = 30 times/min as reference
NOTE 3: Push-up rate = 40 times/min as reference


[bookmark: _Toc49931674][bookmark: _Toc120625298]5.25	Use Case on immersive experience based on sensing
[bookmark: _Toc49931675][bookmark: _Toc120625299]5.25.1	Description
Sensing based on the 5G signals is a technology using the difference between wireless signals and its reflective signals including the Doppler frequency shift, time of flight (ToF), amplitude variation and so on, to sense the surroundings. The information collected during sensing cannot be directly understood by human beings, providing good privacy protection. Along with 5G stepping into the home, more interesting functions can be introduced based on the sensing using 5G signals.
[bookmark: OLE_LINK17][bookmark: OLE_LINK16]It will be fantastic to have an immersive audio and light experience when watching movies and listening to music in the home. The speakers can provide this kind of audio experience if they can know the position of each other and also the user.  Usually, to have immersive audio experience, several speakers are needed. Ranging technology can help the speakers to determine position relative to each other and this gives a chance for speakers to provide a fantastic experience together to a listener by adjusting the audio field at a place when the listener stays at that special place.
Different from ranging service where only the UE’s position can be identified, sensing can identify the relative position of the reflector even the reflector is not a UE. If the speakers can obtain the sensing results, this will give a chance to the speakers to follow the listener and provide an immersive audio experience, even when the listener is moving around. The speakers can follow the position of the human and adjust the audio field anytime anywhere. Similar to the audio case, if the smart light can obtain the sensing results, the light can also track the user anytime anywhere to provide an immersive experience.
For the immersive experience scenario, the audio field and light adjustment should be based on the user’s position. For example, the smart screen, lights and speakers can provide immersive sound and light experience for the user who sits at the sofa area (around 2~3m2 area) and at the same time lower the sound volume and turn down the light at other places of the home avoiding the interference on others. The home device capability of sensing node (e.g., smart screen, i.e., a UE) can perform sensing operations to track the user’s movement using RF signals [29] and provide the information to the speakers and lights for adjustment. Then both the lights and speakers can provide a cosy zone around the user.
In home, there is usually a mixed deployment of smart screen, lights, and speakers. We take smart screen as the sensing node as an example. Assume that the smart screen, the smart lights, and the speakers are placed in the drawing-room, and the smart screen can sense the object in the room as shown in Fig. 5.25.1-1. The smart screen (i.e., the sensing receiverUE) can receive the reflected sensing signals transmitted by UEs the sensing transmitters in the room, or by the gNB to perform sensing operation on the user in the room.
 [image: ]
Figure 5.25.1-1: Example deployment of the smart screen, speakers and lights
The smart screen can track the user’s position via sensing operation. Each user is assumed to occupy an area 0.5m * 0.5m and move with a speed lower than 2m/s in horizontal dimension. Then the audio field and light can be adjusted based on the user position (e.g. an area 1.5m * 1.5m) to avoid the experience deterioration even when the user is walking around.
To identify multiple users in the room, in the horizontal dimension, the resolution requires to distinguish objects as large as 0.5m. With higher accuracy on distance, each user in the room can be identify with a more accurate location such as 0.2m, the light and audio can target the user better [30]. If the results are accurate but out of date due to the movement of the user, this will also degrade the experience as the cosy zone is lagging the movement of the user. Consider the audio field and lights are adjusted in an area with 1.5m * 1.5m, to avoid the experience deterioration, the service latency should smaller than 0.5m/2m/s, i.e., 250ms. To track the user’s movement, the results need to be refreshed in 250ms, i.e., 4 times per second (4 Hz).
[image: ]
Figure 5.25.1-2: Example of accuracy required for the use case
[bookmark: _Toc49931676][bookmark: _Toc120625300]5.25.2	Pre-conditions
This use case is about Tom’s home theatre plan. Tom bought a set of speakers, and placed them in his home to create an immersive audio experience. Tom also bought a set of smart lights to create an immersive light experience.  Together with a smart screen in home, these smart devices compose the home theatre. According to the instruction of the speakers, and also based on the availability of audio and power wiring Tom distributed the speakers in his living room. The smart lights are installed on the ceiling of the room. After detecting the position of each distributed speakers, the home theatre system can adjust the audio field in Tom’s home. After detecting the position of smart lights, the home theatre system can control the light variation in home. This detection mechanism of the speakers and smart lights is outside the scope of this document.
There exists a sensing device in the home, which can sense Tom’s position without requiring Tom to take a UE with him. For example, the sensing node is the smart screen belonging to the home theatre system at Tom’s home. Based on the sensing results from the sensing node, the home theatre system can adjust the audio field and light based on the sensing results.
The home theatre system can be deployed by user where the smart screen, lights and speakers communicate with each other via direct device communication using unlicensed band. As an alternative, the home theatre system can be deployed with the help of operator using licensed band when the units of the home theatre system are in coverage. In this case, operator can control the performing of sensing operation based on the location of the deployment of the home theatre.
[bookmark: _Toc49931677][bookmark: _Toc120625301]5.25.3	Service Flows
Tom activates his home theatre and the speaker begin to play music based on the audio on demand. The sensing device in the room (i.e., Smart screen) performs sensing operation and the sensing results begin helping adjust the audio field.
[image: ]
Fig. 5.25.3-1 Immersive experience with tracking light and sound
Tom immerses himself in music and begins to dance. The sensing device (e.g., smart screen) tracks Tom’s position via the processing of the receiving sensing signals, the Sensing result is calculated, and the Sensing result is sent to the control unit of the home theatre system.
Based on the sensing results, the home theatre system can adjust the audio field and lights according to Tom’s movement.
Thanks for the sensing service provided by the sensing node (e.g. smart screen), no matter where Tom stands, he always experiences the best surround sound and tracking light.
[bookmark: _Toc49931678][bookmark: _Toc120625302]5.25.4	Post-conditions
Thanks to the sensing service provided in the intelligent home, Tom can have an immersive experience via his home theatre.
[bookmark: _Toc49931679][bookmark: _Toc120625303]5.25.5	Existing features partly or fully covering the use case functionality
None.
[bookmark: _Toc49931680][bookmark: _Toc120625304]5.25.6	Potential New Requirements needed to support the use case
[PR 5.25.6-1] The 5G system shall be able to configure and authorize sensing for a Sensing device or a group of Sensing devices when using licensed spectrum based on the Sensing device’s location.
[PR 5.25.6-2] The 5G system shall be able to enable a Sensing device to perform sensing with licensed band under operator’s control based on the Sensing device’s location.
[PR 5.25.6-3] The 5G system shall be able to enable UEs without 5G coverage to use unlicensed spectrum to perform sensing.
[PR 5.25.6-4] Subject to user consent and national or regional regulation, based on operator policy, the 5G system shall be able to allow a Sensing device to provide sensing results to a trusted third party.
[PR 5.25.6-5] The 5G system shall be able to provide sensing with following KPIs.
Table 5.25.6-1	Performance requirements of sensing results for immersive experience
	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]

	
	
	
	

	Immersiveexperience
	Indoor
	95
	0.5
	0.5
	0.1
	N/A
	0.5
	N/A
	250
(granularity of field is 1.5m x 1.5m)
	0.25
	5
	5

	NOTE:	The terms in Table 5.25.6-1 are found in Section 3.1.


[bookmark: _Toc120625305]5.26	Use case on accurate sensing for automotive maneuvering and navigation service
[bookmark: _Toc120625306]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 execute the sensing measurement process may 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: _Toc120625307]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: _Toc120625308]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 entitiessensing receivers 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 entitiessensing transmitters and sensing receivers (sparsely deployed in desert area) to assist the sensing service. With the feedback from RAN entitiessensing receivers, 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: _Toc120625309]5.26.4	Post-conditions
Bob’s vehicle is able to drive with high reliability by utilizing accurate 5G sensing service.
[bookmark: _Toc120625310]5.26.5		Existing features partly or fully covering the use case functionality
None
[bookmark: _Toc120625311]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.
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