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* * * First Change * * * *
[bookmark: _Toc100862442][bookmark: _Toc100921166][bookmark: _Toc136368321][bookmark: _Toc136853714][bookmark: _Toc99442487][bookmark: _Toc136368533][bookmark: _Toc136853926]5.3.6	Potential New Requirements needed to support the use case
[PR 5.3.6-1] The 5G network shall support collection of the NR based 3GPP sensing data from the base station.
[PR 5.3.6-2] Based on operator’s policy, the 5G system shall support mechanisms to process the 3GPP sensing 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 sensing contextual information, e.g. location, to a trusted third-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
	[bookmark: _MCCTEMPBM_CRPT81540035___2]Scenario
	Sensing service area
	Confidence level [%]
	[bookmark: _MCCTEMPBM_CRPT81540034___4]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 [%]


	
	
	
	[bookmark: _MCCTEMPBM_CRPT81540036___2]
	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
	[bookmark: _MCCTEMPBM_CRPT81540037___4]≤[1mm/h]
NOTE 2
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	1 min60000
	≤61000min, 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.


NOTE:	In this use case base station is acting as sensing transmitter and/or sensing receiver. This is an example and other options can also be valid.

* * * Next Change * * * *
[bookmark: _Toc136368349][bookmark: _Toc136853742]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 3GPP sensing data data from RAN.
[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]
	
	
	
	

	[bookmark: _MCCTEMPBM_CRPT81540067___5]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.


NOTE:	In this use case base station and UE is acting as sensing transmitter and/or sensing receiver. This is an example and other options can also be valid.
* * * Next Change * * * *
[bookmark: _Toc136368370][bookmark: _Toc136853763]5.10.6	Potential New Requirements needed to support the use case
[bookmark: _MCCTEMPBM_CRPT81540075___5][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 3GPP sensing 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 3GPP sensing data (e.g., related to a UAV position, velocity) to a 5G sensing processing entity.
NOTE 1:	The requirement above assumes that the 3GPP sensing 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 3GPP sensing 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-party application.
[bookmark: _MCCTEMPBM_CRPT81540076___5][PR 5.10.6-4] The 5G system shall support energy efficient sensing operations.
NOTE 2:	Examples of energy efficient sensing operations can include temporarily disabling sensing transmitters and receivers that are not involved in sensing and communication operations or adjusting the sensing operation parameters (e.g. sensing frequency).
[PR 5.10.6-5] Subject to operator’s policy, the 5G network may provide secure means for the operator to expose information on sensing service availability (e.g., if sensing service is available and the supported KPIs) in a desired sensing service area location to a trusted third-party.
[PR 5.10.6-6] The 5G system shall be able to provide the means for supporting sensing service continuity.
[PR 5.10.6-7] 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 [%]
[bookmark: _MCCTEMPBM_CRPT81540077___4]
	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]
	
	
	
	

	[bookmark: _MCCTEMPBM_CRPT81540078___5][bookmark: _MCCTEMPBM_CRPT81540079___7]UAV flight trajectory tracing
	Outdoor
	N/A
	1-2
	1-2
	1-2
	1-2
	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].



* * * Next Change * * * *
[bookmark: _Toc360202473][bookmark: _Toc136368384][bookmark: _Toc136853777]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 sensing assistance information provided by the UE on board the specific target object or authorized third-party.
[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-party to request the sensing service related with a certain target object or multiple target objects of a certain location area.
[bookmark: _MCCTEMPBM_CRPT81540087___5][PR 5.12.6-4] Based on operator policy, the 5G system shall be able to provide a mechanism for a trusted third-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-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]

	
	
	
	

	[bookmark: _MCCTEMPBM_CRPT81540088___4][bookmark: _MCCTEMPBM_CRPT81540092___4][bookmark: _MCCTEMPBM_CRPT81540093___4]Network assisted sensing to avoid UAV collision
	[bookmark: _MCCTEMPBM_CRPT81540089___5]Outdoor
	[bookmark: _MCCTEMPBM_CRPT81540090___4]95
	≤1
	[bookmark: _MCCTEMPBM_CRPT81540091___4]≤1
	≤1
NOTE 2
	≤1 
NOTE 2
	<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.
NOTE 3:	In this use case base station is acting as sensing transmitter and/or sensing receiver. This is an example and other options can also be valid.

* * * Next Change * * * *
[bookmark: _Toc136368391][bookmark: _Toc136853784]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 RAN to collect 3GPP sensing data.
[PR 5.13.6-2] The RAN shall be able to sense a target object by obtaining 3GPP sensing data without active involvement of the target object.
[PR 5.13.6-3] The 5G system shall provide mechanisms for an operator to transport 3GPP sensing data from RAN 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-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-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-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-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]

	
	
	
	

	[bookmark: _MCCTEMPBM_CRPT81540096___4]UAV intrusion detection
NOTE 2
	Level 1
	Outdoor
	95
	≤10
	≤10
	N/A
	N/A
	≤10
	≤[5]
	[≤1000]
	[≤1]
	≤5
	≤5

	[bookmark: _MCCTEMPBM_CRPT81540097___4]
	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.


NOTE:	In this use case base station is acting as sensing transmitter and/or sensing receiver. This is an example and other options can also be valid.

* * * Next Change * * * *
[bookmark: _Toc136368398][bookmark: _Toc136853791]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-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]

	
	
	
	

	[bookmark: _MCCTEMPBM_CRPT81540098___4]Tourist spot traffic management
	Outdoor
	95
	[≤2]
	N/A
	≤[1]
	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.


NOTE:	In this use case base station is acting as sensing transmitter and/or sensing receiver. This is an example and other options can also be valid.
* * * Next Change * * * *
[bookmark: _Toc101896248][bookmark: _Toc136368405][bookmark: _Toc136853798]5.15.6	Potential New Requirements needed to support the use case
[PR 5.15.6-1] The 5G system shall support mechanisms to discover and configure a UE and a base station to perform sensing measurement process 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-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
	[bookmark: _MCCTEMPBM_CRPT81540100___2]Scenario
	Sensing service area
	Confidence level [%]
	Human motion rate accuracy
[Hz]
	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 [%]


	
	
	
	[bookmark: _MCCTEMPBM_CRPT81540101___2]
	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
	[bookmark: _MCCTEMPBM_CRPT81540102___4]≤0.033
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, 0.033Hz corresponds to 2 times/min.
NOTE 3:	Detect event = “breathing stoppages duration >= 10 seconds” as reference.


NOTE:	In this use case base station and UE is acting as sensing transmitter and/or sensing receiver. This is an example and other options can also be valid.
* * * Next Change * * * *
[bookmark: _Toc136368440][bookmark: _Toc136853833]5.20.6	Potential New Requirements needed to support the use case
[bookmark: _MCCTEMPBM_CRPT81540108___2]
[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.
[bookmark: _MCCTEMPBM_CRPT81540109___5][PR 5.20.6-3] Based on operator’s policy, the 5G system shall enable a trusted third-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]

	
	
	
	

	[bookmark: _MCCTEMPBM_CRPT81540110___4][bookmark: _MCCTEMPBM_CRPT81540111___4]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.



* * * Next Change * * * *
[bookmark: _Toc136368461][bookmark: _Toc136853854]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]

	
	
	
	

	[bookmark: _MCCTEMPBM_CRPT81540116___4]AMR collision avoidance in smart factories
	indoor/outdoor
	99
	≤1
	N/A
	≤1
	N/A
	≤1
	≤1.5
	˂500
	≤0.05
	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].



* * * Next Change * * * *
[bookmark: _Toc136368468][bookmark: _Toc136853861]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] 5G network shall provide means for mobile operator to provide / revoke authorization for the operation(s) of a 5G wireless sensing service based on location, time, specific KPI level and the origin of the request.
[PR.5.24.6-3] 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
	[bookmark: _MCCTEMPBM_CRPT81540119___2]Scenario
	Sensing service area
	Confidence level [%]
	Human motion rate accuracy
[Hz]
	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 [%]


	
	
	
	[bookmark: _MCCTEMPBM_CRPT81540120___2]
	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
	[bookmark: _MCCTEMPBM_CRPT81540121___4]≤0.05
NOTE 2
[bookmark: _MCCTEMPBM_CRPT81540122___4]≤0.07
NOTE 3
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	60000s
	≤1min60
	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, 0.05Hz corresponds to 3 times/min.
NOTE 3:	Push-up rate = 40 times/min as reference, 0.07Hz corresponds to 4 times/min.



* * * Next Change * * * *
[bookmark: _Toc49931680][bookmark: _Toc136368475][bookmark: _Toc136853868]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.
[bookmark: _MCCTEMPBM_CRPT81540123___2][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]

	
	
	
	

	[bookmark: _MCCTEMPBM_CRPT81540124___4][bookmark: _MCCTEMPBM_CRPT81540125___4]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.



* * * Next Change * * * *
[bookmark: _Toc136368489][bookmark: _Toc136853882]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.
[bookmark: _MCCTEMPBM_CRPT81540127___5][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 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 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]

	
	
	
	

	[bookmark: _MCCTEMPBM_CRPT81540128___4]Search and Rescue/Apprehend
	Outdoor/Indoor
	99
	≤ 0.5
	≤ 1.0
	Pedestrian: ≤1.5

	Pedestrian: ≤1.5

	≤3
	Horiz: ≤5
Vert: ≤5
	≤1000s
	≤≥10Hz0.1
	[≤3]
	[≤3]

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



* * * Next Change * * * *
[bookmark: _Toc136368496][bookmark: _Toc136853889]5.28.6	Potential New Requirements needed to support the use case
[PR 5.28.6-1] The 5G system shall be able to configure and authorize UEs supporting V2X applications to perform sensing.
[PR 5.28.6-2] The 5G system shall be able to collect charging information for UEs supporting V2X applications when performing sensing.
[PR 5.28.6-3] The 5G system shall be able to support the following KPIs:
Table 5.28.6-1 KPIs for Vehicles Sensing for ADAS
	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]
	
	
	
	

	[bookmark: _MCCTEMPBM_CRPT81540141___4][bookmark: _MCCTEMPBM_CRPT81540143___5]ADAS
[long range Radar]
	Outdoor 
	[95]
	[bookmark: _MCCTEMPBM_CRPT81540142___5][≤1.3] 
NOTE 2
	≤0.5
	[≤ 0.12]
NOTE 4
	N/A
	 [≤0.4]
NOTE 5
	[bookmark: _MCCTEMPBM_CRPT81540144___5][≤ 0.6]
NOTE 4
	[50]
	[bookmark: _MCCTEMPBM_CRPT81540145___5][≤ 0.2]
	[bookmark: _MCCTEMPBM_CRPT81540146___7][≤ 10]
	[bookmark: _MCCTEMPBM_CRPT81540147___7][<1]

	[bookmark: _MCCTEMPBM_CRPT81540148___4][bookmark: _MCCTEMPBM_CRPT81540150___5]ADAS
[Short range Radar]
	Indoor (parking space)/Outdoor 
	[95]

	
	[bookmark: _MCCTEMPBM_CRPT81540149___5][≤2.6]
NOTE 3
	≤0.5
	[≤ 0.12]
NOTE 4
	N/A
	[≤0.4]
NOTE 5
	[bookmark: _MCCTEMPBM_CRPT81540151___5][≤ 0.6]
NOTE 4
	[20]
	[bookmark: _MCCTEMPBM_CRPT81540152___5][≤ 0.05]
	[bookmark: _MCCTEMPBM_CRPT81540153___7][≤ 10]
	[bookmark: _MCCTEMPBM_CRPT81540154___7][<1]

	NOTE 1:	The terms in Table 5.28.6-1 are found in Section 3.1.
NOTE 2:	Assuming typical max range of 250m, range accuracy of 10cm, azimuth accuracy of ±0.3deg. Positioning accuracy as (Min-Max) within field of view.
NOTE 3:	Assuming typical max range of 30m, range accuracy of 2cm, azimuth accuracy of ±5deg.Positioning accuracy as (Min-Max) within field of view.
NOTE 4:	Velocity accuracy and resolution is typically reported for the radial velocity (not absolute H/V velocity).
NOTE 5:	Range resolution typically reported as 3D ranging distance accuracy.




* * * Next Change * * * *
[bookmark: _Toc136368503][bookmark: _Toc136853896]5.29.6	Potential New Requirements needed to support the use case
Editor’s note: Functional requirements are FFS.
[PR 5.29.6-1] The 5G system shall be able to provide sensing with the following KPIs:
Table 5.29.6-1	Performance requirements of sensing results for gesture recognition
	[bookmark: _MCCTEMPBM_CRPT81540162___2]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 [%]


	
	
	
	[bookmark: _MCCTEMPBM_CRPT81540163___2]
	Horizontal
[m]
	Vertical
[m]
	Horizontal
[m/s]
	Vertical
[m/s]
	Range resolution
[m]
	Velocity resolution (horizontal/ vertical)
[m/s x m/s]
	
	
	
	

	[bookmark: _MCCTEMPBM_CRPT81540166___5]Gesture recognition
	Indoor
	N/A
	[bookmark: _MCCTEMPBM_CRPT81540164___4]N/A
	FFS
	FFS
	≤0.1
	≤0.1
	FFS
	[≤0.3]
	FFS
	≤0.1
	FFS
	FFS

	NOTE 1:	The terms in Table 5.29.6-1 are found in Section 3.1.
NOTE 2:	KPIs provided in table are derived from [56] and with the use of the pre-defined gestures to be identified some of the KPIs e.g. positioning accuracy and range resolution could be relaxed.



* * * Next Change * * * *
[bookmark: _Toc136368523][bookmark: _Toc136853916][bookmark: _MCCTEMPBM_CRPT81540178___2]5.32.6	Potential New Requirements needed to support the use case
[PR 5.32.6-1] Based on operator’s policy, the 5G system may provide a mechanism for a trusted third party to provide sensing assistance information about a sensing target.
[PR 5.32.6-2] The 5G system shall be able to provide sensing results with the following KPIs:
Table 5.32.6-1	Performance requirements of the sensing results exposed to the third party
	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]

	
	
	
	

	[bookmark: _MCCTEMPBM_CRPT81540179___4]Indoor Factory
	100 m2
	99
	[≤0.5]
	N/A
	≤0.5
	N/A
	[≤0.5]
	[≤0.5]
	100
	≤0.1
	N/A
	N/A

	NOTE:	The terms in Table 5.32.6-1 are found in Section 3.1.


[bookmark: _MCCTEMPBM_CRPT81540180___2]
* * * Next Change * * * *
7.2	Consolidated potential KPIs of sensing results



1


3GPP
	Scenario
	Sensing service level
	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
[%]

	Example Services

	
	
	
	
	Horizontal
[m]
	Vertical
[m]
	Horizontal
[m/s]
	Vertical
[m/s]
	Range resolution
[m]

	Velocity resolution (horizontal/ vertical)
[m/s x m/s]

	
	
	
	
	

	[bookmark: _MCCTEMPBM_CRPT81540186___4]Object detection and tracking
	1 (use cases 5.1; 5.13 – level1)
	Object to be detected indoor: Human, object to be detected outdoor: UAV
	95
	≤10
	≤10
	N/A
	N/A
	≤10 
NOTE 2
	≤10
NOTE 3
	<1000
	< 1
	< 5
	< 2
	[bookmark: _MCCTEMPBM_CRPT81540187___5]intruder detection in smart home,
UAV intrusion detection
[bookmark: _MCCTEMPBM_CRPT81540188___4]

	[bookmark: _MCCTEMPBM_CRPT81540189___4][bookmark: _MCCTEMPBM_CRPT81540190___5]
	2 (use cases 5.13 – level2, 5.6)
	Object to be detected outdoor:
Human, UAV
	95
	≤5
	≤5
	N/A
	N/A
	≤10 
NOTE 2
	≤10
NOTE 3
	[≤1000]
	[≤1]
	≤5
	≤5
	UAV flight route intrusion detection,
intruder detection in surroundings of smart home

	[bookmark: _MCCTEMPBM_CRPT81540191___4]
	3 (use cases 5.2, 5.7, 5.10, 5.11, 5.12, 5.14，5.23)
	Factory (100m2), crossroad, highway, railway [air]
NOTE 4
Object to be detected: Animal, Human, UAV, Vehicle
	9599
	≤1
	1-2N/A
	≤1
NOTE 5
	1-2N/A
	<1
NOTE 5
NOTE 8

	≤(1 x 1) 
NOTE 9
	≤100 
NOTE 6


≤1000
NOTE 10
	[[≥0.05 ÷ ≤ 0.10.05 ≤ 1]
NOTE 11

	≤2
	≤2
	[bookmark: _MCCTEMPBM_CRPT81540192___5]pedestrian/animal intrusion detection on a highway/railway,
sensing at crossroads with/without obstacle,
UAV flight trajectory tracing
UAV collision avoidance,
AMR collision avoidance in smart factories

[bookmark: _MCCTEMPBM_CRPT81540193___4]

	[bookmark: _MCCTEMPBM_CRPT81540194___4][bookmark: _MCCTEMPBM_CRPT81540195___5]
	4 (use cases 5.20, 5.22, 5.25, 5.27, 5.32)
	Public area safety, factory
NOTE 7
Object to be detected: Animal, Human, UAV, AGV/AMR, Vehicle
	9599
	≤0.5
	≤0.5
	0.1
Pedestrian: ≤1.5
Vehicle: ≤15
	N/A
Pedestrian: ≤1.5
	≤0.5m 

	≤(5 x 5)
for factories 0.5 may be needed
	250
	0.25 ≤ - 1
	≤1
	≤5
	Parking Space Determination,
UAVs/vehicles/pedestrians detection near Smart Grid equipment,
immersive experience based on sensing,
public safety search and rescue or apprehend,
integrated sensing and positioning in factory hall

	[bookmark: _MCCTEMPBM_CRPT81540196___4]
	5 (use cases 5.28)
	ADAS -TBD
Object to be detected: Vehicle
	[95]
	~ [0.1]-[1.3] ; for short range radar ~[0.02]-[2.6]
	TBD
	[±0.03] -[±0.12] m/s
	N/A
	≤ [0.4]
	[0.1] – [0.6]
	[50]
	[0.05] -[0.2]
	[1-10] %
	[<1] %
	ADAS

	[bookmark: _MCCTEMPBM_CRPT81540197___4]Environment monitoring
	1 (use case 5.14)
	Object to be detected outdoor:
Human
	95
	[≤2]
	N/A
	N/A
	N/A
	[1] 
	[1]
	1000 NOTE 10
	[≤0.2]
	5
	5
	[bookmark: _MCCTEMPBM_CRPT81540198___5]traffic management

	[bookmark: _MCCTEMPBM_CRPT81540199___4][bookmark: _MCCTEMPBM_CRPT81540201___4][bookmark: _MCCTEMPBM_CRPT81540202___5]
	62 (use cases 5.3 and 5.5.)
	Rainfall monitoring and flooding
NOTE 14
Object to be detected: Rain
	95
	≤10
	[bookmark: _MCCTEMPBM_CRPT81540200___7][≤0.2]
NOTE 15
	N/A
	N/A
	N/A
	N/A
	1 min60000
	601 – <60010min, application configurable
	< 0.1
	< 3
	rainfall monitoring,
flooding monitoring

	[bookmark: _MCCTEMPBM_CRPT81540203___4][bookmark: _MCCTEMPBM_CRPT81540205___4][bookmark: _MCCTEMPBM_CRPT81540206___5]Motion monitoring
	1 7 (use cases 5.15, 5.24, 5.29)
	Indoor human motion -sleep monitoring NOTE 12, 
sports monitoring NOTE 13, gesture recognition
Motion on human, gesture
	95
	N/A
	[bookmark: _MCCTEMPBM_CRPT81540204___5]N/A
	N/A 0.1 valid for gesture recognition
	N/A 0.1 valid for gesture recognition
	N/A
	N/A
	60000s
	≤60, ≤0.1 for gesture recognition
	≤5
	≤5
	sleep monitoring,
sports monitoring,
gesture recognition

	
	8（use case 5.29）
	gesture recognition
Motion on human, gesture
	N/A
	FFS
	FFS
	≤0.1
	≤0.1
	FFS
	[bookmark: _MCCTEMPBM_CRPT81540165___4]≤[0.3]
	FFS
	≤0.1
	FFS
	FFS
	gesture recognition

	NOTE 1:	The terms in Table 7.2-1 are found in Section 3.1.
NOTE 2: To detect the UAV existance (e.g., for intrusion detection), the sensing resolution of distance is 10m [25].
NOTE 3:	To detect the UAV existence, the sensing resolution of velocity is 10m/s [25].
NOTE 4: 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.
NOTE 5:	The KPI values for UAVs are sourced from [25] and [40] and for factories are sourced from [47].
NOTE 6:	The value 100 ms is sourced from [28] and is valid for sensing at crossroads.
NOTE 7: The safe distance between pedestrian/vehicle and transmission station/line is 0.7m/0.95m [46]. The size of the park of Smart Grid depends on the real environment.
NOTE 8:	To track the UAV flying (e.g., for collision detection and warning), the sensing resolution of distance is 1m [25].
NOTE 9:	To track the UAV flying, the sensing resolution of velocity is 1m/s [25].
NOTE 10:	To realize 1m granularity tracking, when the velocity resolution is 1 m/s, the maximum corresponding sensing service latency is 1s.
NOTE 11:	Echodyne MESA-DAATM has approximate 1Hz scan rate [40].
NOTE 12:	Additional KPI on human motion rate accuracy of 2 times/min (0.033 Hz).
NOTE 13:	Additional KPI on human motion rate accuracy of 3 times/min (0.05Hz) and 4 times/min (0.07 Hz)
NOTE 14:	Rainfall estimation accuracy is1 mm/h[39] and describes the closeness of the measured rainfall estimation to its true rainfall value.
NOTE 15:	This value is for the water level. Description related to NOTE in clause 5.5.1 suggests 0.01 m. [≤0.2] is derived from the water level where people feel difficulty in walking.



[bookmark: _MCCTEMPBM_CRPT81540207___2]Editor’s note: The values in brackets are FFS

[bookmark: _MCCTEMPBM_CRPT81540208___3]Editor’s note: Different service level of the KPIs is FFS

