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


* * * First Change * * * *
[bookmark: _Toc100743495][bookmark: _Toc120625136]5.1.6	Potential New Requirements needed to support the use case
[P.R.5.1.6-1] The 5G system shall provide a mechanism for an operator to authorize a sensing transmitters and sensing receiversUE for sensing, e.g., based on location.
Editor's Note:	Terminology of UE/base station needs to be adapted
[bookmark: _Hlk103851378][bookmark: OLE_LINK6][P.R.5.1.6-2] The 5G system shall support sensing transmitters and sensing receiversa UE to perform sensing measurement process based on the trusted 3rd party’s request.
[bookmark: OLE_LINK5][bookmark: OLE_LINK3][bookmark: OLE_LINK4][P.R.5.1.6-3] The 5G system shall provide mechanisms for an operator to only collect or expose the sensing information requested by a trusted 3rd party according to agreement.
[bookmark: _Hlk103851483][P.R.5.1.6-4] The 5G system shall support sensing transmitters and sensing receiversUE to perform sensing measurement process using signals received from other sensing transmittersUE(s).
[P.R.5.1.6-5] The 5G system shall support sensing transmitters and sensing receiversUE to perform sensing measurement process in licensed or unlicensed band.
[P.R.5.1.6-6] The 5G system shall be able to provide the sensing service with following KPIs:
Table 5.1.6-1	Performance requirements of sensing results for intruder detection in smart home
	Scenario
	Sensing service area
	Confidence level [%]
	Accuracy of positioning estimate by sensing (for a target confidence level)
	Accuracy of velocity estimate by sensing (for a target confidence level)
	Sensing resolution
	Max sensing service latency[ms]
	Refreshing rate [s]
	Missed detection [%]

	False alarm [%]


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

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

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



Editor's Note:	it is FFS whether other potential requirements will be identified.
[bookmark: _Toc120625137]
* * * Next Change * * * *
[bookmark: _Toc120625143]5.2.6	Potential New Requirements needed to support the use case
[PR 5.2.6-1] The 5G system shall be able to support sensing transmitters and sensing receiversa base station to perform sensing.
[PR 5.2.6-2] The 5G system shall be able to support means to select suitable sensing transmitters and sensing receiversbase station(s) to perform sensing, e.g. based on the sensing transmitters and sensing receivers’base station’s location, sensing capability, and the sensing service information requested by trusted third party application.
[PR 5.2.6-3] The 5G system shall be able to support means to configure the sensing operation of a base stationsensing transmitter and a sensing receiver (e.g. authorization, sensing activation and/or deactivation, sensing duration, sensing accuracy, target sensing location area).
[PR 5.2.6-4] The 5G system shall be able to support means to enable a base stationsensing receiver to transfer sensing measurement data to the core network.
[PR 5.2.6-5] The 5G system shall be able to support means to enable the core network to process sensing measurement data for obtaining sensing results.
[PR 5.2.6-6] Based on operator’s policy, the 5G system shall expose a suitable API to a trusted third party to provide the information regarding sensing results.
[PR 5.2.6-7] The 5G system shall be able to support charging data collection for the sensing services (e.g. considering service type, sensing accuracy, target area, duration) requested by a trusted third party application.
[PR 5.2.6-8] The 5G system shall be able to support the following KPIs:
Table 5.2.6-1	Performance requirements of sensing results for pedestrian/animal intrusion detection
	Scenario
	Sensing service area
	Confidence level [%]
	Accuracy of positioning estimate by sensing (for a target confidence level)
	Accuracy of velocity estimate by sensing (for a target confidence level)
	Sensing resolution
	Max sensing service latency[ms]
	Refreshing rate [s]
	Missed detection [%]

	False alarm [%]


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

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

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



* * * Next Change * * * *
[bookmark: _Toc100862442][bookmark: _Toc100921166][bookmark: _Toc120625150]5.3.6	Potential New Requirements needed to support the use case
[PR. 5.3.6 - 001] The 5G system shall support  collection of the NR based sensing measurement data from the base stationsensing transmitter and the sensing receiver.
[PR. 5.3.6 - 002] Based on operator’s policy, the 5G system shall support mechanisms to process the sensing measurement data to derive the sensing results.
[PR. 5.3.6 - 003] Based on operator’s policy, the 5G system shall provide mechanisms to expose NR based sensing results with assisted information, e.g. location, to a trusted 3rd party application via the core network.
[PR. 5.3.6 – 004] The 5G system shall support sensing services with KPIs as given Table 5.3.6-1.
Table 5.3.6-1	Performance requirements of sensing results for rainfall monitoring
	Scenario
	Sensing service area
	Confidence level [%]
	Rainfall estimation accuracy
(for a target confidence level)
	Accuracy of positioning estimate by sensing (for a target confidence level)
	Accuracy of velocity estimate by sensing (for a target confidence level)
	Sensing resolution
	Max sensing service latency[ms]
	Refreshing rate [s]
	Missed detection [%]

	False alarm [%]


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

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

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


[bookmark: _Toc120625151]
* * * Next Change * * * *
[bookmark: _Toc120625157]5.4.6	Potential New Requirements needed to support the use case
[PR.5.4.6 - 001] Subject to user consent and national or regional regulation, based on operator policy, the 5GS shall support a mechanism to receive uplink sensing measurements from sensing receiversa UE that areis authorized to provide uplink sensing measurements to the network.
NOTE: 	This requirement assumes there is some functionality in the 5GS to discern and interpret the acquired sensing measurements.
[PR.5.4.6 - 002] Subject to user consent and national or regional regulation, based on operator policy, the 5GS shall support a mechanism to expose sensing result to authorized third parties.
[PR.5.4.6 - 003] Subject to user consent, network operator policy and national or regional regulation, the 5GS shall support a mechanism to enable sensing transmitters and sensing receiversRAN entities and UEs to acquire NR-based sensing measurement data to capture information about the nearby environment.
Editor's Note: It is FFS if explicit requirements for LiDAR, cameras and other sensors need to be added.Editor's Note:	Using existing E-UTRA measurements is FFS.
[bookmark: _Toc120625158]
* * * Next Change * * * *
[bookmark: _Toc120625178]5.7.6	Potential New Requirements needed to support the use case
[PR. 5.7.6 - 001] Subject to operator policy, the 5G system shall enable the core network to collect and aggregate sensing measurement data from sensing receiversbase stations.
[PR. 5.7.6 - 002] Subject to operator policy, the 5G system shall enable the core network to expose a suitable API to provide the information regarding sensing results to authorized third parties.
[PR. 5.7.6 - 002] The 5G system shall be able to support the following KPIs:
Table 5.7.6-1	Performance requirements of sensing results for railway intrusion detection
	Scenario
	Sensing service area
	Confidence level [%]
	Accuracy of positioning estimate by sensing (for a target confidence level)
	Accuracy of velocity estimate by sensing (for a target confidence level)
	Sensing resolution
	Max sensing service latency[ms]
	Refreshing rate [s]
	Missed detection [%]

	False alarm [%]


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

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

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


Editor's Note: the KPI values for Missed Deteciton and False Alarm are FFS.
[bookmark: _Toc120625179]
* * * Next Change * * * *
	
[bookmark: _Toc120625185]5.8.6	Potential New Requirements needed to support the use case
[PR 5.8.6-1] The 5G system shall be able to support mechanisms to control sensing transmitters and sensing receiversUEs and RAN entities for a sensing service.
NOTE1:	In the requirement above, control may include configuration such as sensing specific policies and settings (e.g., conditions for triggering sensing requests, location,  etc.) coordinated amongst sensing transmitters and receiversUE and RAN entities.
[PR 5.8.6-2] For a sensing service, the 5G system shall be able to support mechanisms for the sensing transmitters and receivers UEs and RAN entities to provide sensing measurement data.
NOTE2:	This requirement can cover scenarios making use of information already available in the EPC and E-UTRA (assuming no new functionalities are required in the EPC and E-UTRA).
[PR 5.8.6-3] The 5G system shall be able to support an authorized UE in the discovery of sensing transmitters and receiversUEs and RAN entities with the required NR RF sensing capabilities for the sensing service.
[PR 5.8.6-4] The 5G system shall be able to provide means to authorize and configure a sensing transmitter and a sensing receiverUE for sensing operation (e.g., based on location, time, etc) and for establishing the communication connection needed to assist the sensing service. 
NOTE3: 	The above requirement assumes that the communication connection used for sensing service can include direct network communication, direct device connection and indirect network connection.
[PR 5.8.6-5] The 5G system shall be able to support exposure of UEs' sensing results, UE capabilities, and UE configurations to a trusted 3rd-party application, e.g., to facilitate 3rd-party control and coordination of sensing inputs from one or more sensing UEs.
[bookmark: _Toc120625186]
* * * Next Change * * * *
[bookmark: _Toc120625192]5.9.6	Potential New Requirements needed to support the use case
NOTE1: The following requirements apply to networks managed by PLMN or NPN.
[PR 5.9.6-1] The 5G system shall be able to provide means to support NR-based sensing in a certain area or location.
[PR 5.9.6-2] Based on operator policy and location area, the 5G system shall be able to provide means to support per-UE authorization for NR-based sensing.
[PR 5.9.6-3] The 5G system shall be able to support means to enable sensing transmitters and receiversRAN entities and UEs to transfer sensing measurement data to sensing processing entities in the 5G system responsible for processing and aggregation of the sensing measurement data.
NOTE2:	The “Sensing processing entities” in the above requirement refer to one or more entities in the 5G system responsible for aggregating and processing of sensing measurement data (e.g., core network).
[PR 5.9.6-4] Based on operator’s policy, the 5G system shall be able to support means to expose sensing results to a trusted 3rd-party application.
Editor’s note: The KPIs for this use case are FFS.
[bookmark: _Toc120625193]
* * * Next Change * * * *
[bookmark: _Toc120625199]5.10.6	Potential New Requirements needed to support the use case
[P.R 5.10.6-1] Based on operator policy, request from UTM and sensing configuration (e.g. sensing area), the 5G system shall be able to support sensing transmitters and receiversRAN entities and UEs in sensing the characteristics of an airborne object of interest (e.g., UAV), including generating sensing measurement data related to the object’s location and motion metrics (see examples in Table 5.10.6-1).
[P.R 5.10.6-2] The 5G system shall be able to support means to authorize sensing transmitters and receiversRAN entities and UEs in certain location area generating and reporting sensing measurement data (e.g., related to a UAV position, velocity) to a 5G sensing processing entity.
NOTE: 	The requirement above assumes that the sensing measurement data is post-processed in 5G sensing processing entity which is located within the 5G system.
[P.R 5.10.6-3] The 5G system shall be able to support means to process the sensing measurement data and expose in real time the sensing results (e.g., related to a UAV position, velocity) from a 5G sensing processing entity to a trusted 3rd party application.
[P.R 5.10.6-4] The 5G system shall support energy efficient sensing operations. 
[P.R 5.10.6-5] The 5G system shall support sensing services with KPIs as given in Table 5.10.6-1.
Table 5.10.6-1	Performance requirements of sensing results for UAV flight trajectory tracing
	Scenario
	Sensing service area
	Confidence level [%]

	Accuracy of positioning estimate by sensing (for a target confidence level)
	Accuracy of velocity estimate by sensing (for a target confidence level)
	Sensing resolution
	Max sensing service latency[ms]
	Refreshing rate [s]
	Missed detection [%]

	False alarm [%]


	
	
	
	Horizontal
[m]
	Vertical
[m]
	Horizontal
[m/s]
	Vertical
[m/s]
	Range resolution (horizontal/vertical)
[mxm]
	Velocity resolution (horizontal/ vertical)
[m/s x m/s]
	
	
	
	

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

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



* * * Next Change * * * *
[bookmark: _Toc120625206]5.11.6	Potential New Requirements needed to support the use case
[PR 5.11.6-1] The 5G system shall be able to support a mechanism to provide available sensing service in a sensing service area location.
 [PR 5.11.6-2] The sensing receiver 5G base station shall be able to collect sensing measurement data from requested sensing service area location according to the operator’s policy.
NOTE 1:	The operator policy means to configure the sensing service area location, real time sensing measurement data collection or periodic collection etc.
 [PR 5.11.6-3] The 5G system shall be able to report the sensing result to the trusted 3rd party with refresh rate which is requested by the trusted 3rd party e.g. a map service provider, and controllable by the operator, according to a business agreement.
NOTE 2:	The sensing result can be the target object’s size, shape, position, moving direction, moving speed, etc.
[PR 5.11.6-4] The 5G system shall support means for a trusted 3rd party application, e.g. a map service provider to configure sensing per location.
[PR. 5.11.6-5] The 5G system shall be able to support the sensing service with given KPIs in Table 5.11.6-1.
Table 5.11.6-1 KPI Table of Sensing
	Scenario
	Sensing Distance
	Sensing Angle/direction 
	Moving Speed of target object
	Interval between two consecutive sensing fixes
	Latency
(ms)
	Service Availability (%)

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

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

	[<100]
(note3)

	[99.9]
(note3)

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


Editor’s Note: Other KPIs are FFS.
Editor’s Note: The KPI term and table format will be updated.
[bookmark: _Toc360202468][bookmark: _Toc120625207]
* * * Next Change * * * *
[bookmark: _Toc360202473][bookmark: _Toc113213410]5.12.6	Potential New Requirements needed to support the use case
Editor's Note: It is FFS if to use target or UAV in these requirements.
[PR 5.12.6 -1] The 5G system shall be able to provide a sensing service to track one or more specific target object and the environment around the target object/s with the assistant information provided by the UE on board the specific target object or authorized 3rd party.
NOTE 1: 	The assistant information for example can be UE position, UE ID. 
[PR 5.12.6 -2] The sensing transmitters and receivers base station shall be able to sense multiple specific target objects and their environments at the same time.
Editor's Note: The environment in this requirement is FFS.
 [PR 5.12.6 -3] The 5G system shall be able to provide a mechanism controllable by the operator, according to a business agreement, for a trusted 3rd party to request the sensing service related with a certain target object or multiple target objects of a certain location area.
[PR 5.12.6 -4] Based on operator policy, the 5G system shall be able to provide a mechanism for a trusted 3rd party to request per location area different sensing services configuration (e.g. sensing KPI, report refresh rate etc.).
[PR 5.12.6 -5] The 5G system shall be able to report sensing result of the environment around a specific target object to a trusted 3rd party.
NOTE 2: 	The sensing result of the environment for example can be its position, the size of obstacles around, and other moving objects nearby.
Editor's Note: This environment in this requirement is FFS.
[PR 5.12.6 -6] The 5G system shall be able to provide sensing service with follow KPIs.
Table 5.12.6-1 Sensing KPI for Network Assisted sensing 
	Scenario
	Sensing Distance
	Sensing Angle/direction 
	Sensing Speed
	Interval between two consecutive sensing fixes
	Latency

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

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

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

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