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Abstract: This contribution proposes a new use case for FS_Sensing, which is about enhanced positioning of a UE utilizing 5GS sensing service.
1	Proposal
It is proposed to agree the following changes to 3GPP TR 22.837 0.3.0.


FIRST CHANGE

2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	W. Favoreel, "Pedestrian sensing for increased traffic safety and efficiency at signalized intersections," 2011 8th IEEE International Conference on Advanced Video and Signal Based Surveillance (AVSS), 2011, pp. 539-542, doi: 10.1109/AVSS.2011.6027406.
[3]	Advances in Wildlife Crossing Technologies: https://highways.dot.gov/public-roads/septoct-2009/advances-wildlife-crossing-technologies.
[4]	Protection Detection: Making Roads Safe for Drivers and Wildlife: https://onlinepubs.trb.org/onlinepubs/webinars/201118.pdf.
[5]	F. Liu et al., "Integrated Sensing and Communications: Towards Dual-functional Wireless Networks for 6G and Beyond," in IEEE Journal on Selected Areas in Communications, doi: 10.1109/JSAC.2022.3156632. 
..
[A]	Soatti, Gloria, et al. "Enhanced vehicle positioning in cooperative ITS by joint sensing of passive features." 2017 IEEE 20th International Conference on Intelligent Transportation Systems (ITSC). IEEE, 2017.

NEXT CHANGE
[bookmark: _Toc355779205][bookmark: _Toc354586743][bookmark: _Toc354590102][bookmark: _Toc100743488][bookmark: _Toc100921159]5.A	Use case of integrated sensing and positioning in factory hall
5.A.1	Description
[bookmark: _Toc100862438][bookmark: _Toc100921162]Autonomous Mobile Robots (AMR)s and automated guided vehicle (AGV) are enabling solutions for a smart factory environment, in which a diversity of logistic tasks are done with an autonomous and efficient implementation, with minimal direct human engagement. In order to achieve a safe and efficient operation to serve a desired goal (e.g., transfer of construction materials with minimal risk, delay and energy consumption), a command center may take over the task of collecting the information of the involved facilities and performing a coordinated planning of the device operations. Nevertheless, a safe and efficient operation of the mobile devices may be only achieved on the condition of an accurate awareness of the environment (e.g., obstacles, humans) and the device positioning/tracking information (e.g., AGV/AMR position and velocity). 
In view of the above, the 5G system shall serve the implementation of a smart factory by means of a reliable data connectivity (e.g., the low-latency and reliable AGV/AMR to command center connection) and positioning of the involved AGV/AMR UE devices. Furthermore, the 5G system sensing services can be utilized to augment the environment awareness by means of detecting and locating the non-connected objects (e.g., obstacles such as trash box, or safety-sensitive objects such as human, etc.).  
In addition to the detection of the non-connected objects, the 5G system sensing enables a higher positioning and trackingaccuracy of a target UE at the 5G system, by means of augmenting the positioning and sensing capabilities [A]. In case of an AMR/AGV, the positioning measurement of a device can be augmented at the 5G system with the sensing measurement data obtained from the reflections of the sensing signal from the AMR/AGV physical body, in the interest of a higher environment awareness and positioning accuracy, as well as the additional information obtained via sensing of the AMR/AGVs (e.g., orientation of an AMR). In particular, when both 5G system sensing and positioning services are activated, the same 5G system nodes (e.g., sensing Tx nodes) and 5G system signals (e.g., positioining or sensing signals) can be reused to efficiently generate and process the desired sensing and positionoing measurements, see Figure 1 as an example of a joint sensing and positioning of a UE
                 [image: ]
Figure 1. The 5G system obtains position estimate of a UE, utilizing sensing measurements of the UE device body obtained from the 5G system sensing service, in combination with the positioning measurement of the UE

The obtained higher positoining accuracy of an AGV/AMR is particularly valuable for coordination of multiple AGVs and AMR with undeterministic movement paths, wherein the situations involving sudden break and/or velocity change may lead to a high delay, damage risk, and interruption energy loss. 
5.A.2	Pre-conditions
Multiple AMR/AGVs are deployed in a factory hall belonging to the company X. The AMR/AGVs are coordinated by a command center to perform a collaborative construction task. The command center coordinates the AMR/AGVs’ movements to improve safety and to avoid energy loss (due to an AMR/AGV break) and delay as much as possible. 
To facilitate this, the factory hall is equipped with the 5G system sensing services provided by the Mobile Network Operator (MNO) A. Moreover, the AMR/AGVs are equipped with the 5G system communication and positioning modules. 
The company X has provided the MNO with the physical type/characteristics of the deployed AMR/AGVs, as well as the installed camera data of the factory hall to assist detection and positioning of the AMR/AGVs via sensing. 
[bookmark: _Toc100862439][bookmark: _Toc100921163]5.A.3	Service Flows
Step 1: [AMR/AGV is deployed to deliver goods]
AMR/AGV Y is assigned with a task for delivering needed material to a construction site within the factory hall. The AMR/AGV is loaded with the materials and departs from its initial location.
      Step 2: [AMR position is obtained via 5G system positioning]
AMR/AGV moves from its initial position towards the construction site. The position information of the AMR/AGV is obtained by the MNO A via the 5G system positioning module of the AMR/AGV and reported to the command center. 
The command center determines that the provided positioning accuracy of the MNO A is sufficient since the AMR/AGV currently moves in the low-traffic area of the factory hall. Based on the received positioning information of the AMR/AGV, the command center recommends that AMR/AGV keeps its velocity towards the construction site. 
Step 3: [AMR/AGV position is obtained via a joint 5G system sensing and positioning]
As the AMR/AGV moves towards the construction site, more objects (other AMR/AGVs, humans, tools) appear in the vicinity. The command center identifies that the AMR/AGV is now in a high-traffic area and a higher positioning accuracy is desired. 
The command center requests the MNO A to activate 5G system sensing service during the 5G system positioning service for positioning of the AMR/AGV UEs. 
· 
MNO A activates sensing of the desired AMR/AGV areas to enhance positioning of the AMR/AGV devices. MNO A identifies UE and/or gNBs capable of sensing in the vicinity of the AMR/AGV and starts sensing measurement process jointly with the 5G positioning measurements of the AMR/AGVs. The 5G system obtains sensing measurement data of the identified nodes and generates a high accuracy position estimate and/or additional sensing information of the AMR/AGVs, based on the collected sensing measurements data in addition to the AMR/AGV’s positioning measurements. The obtained positioning estimate of the AMR/AGV is reported to the command center. 
Based on the obtained high-accuracy positioning information of the AMR/AGVs the command center adjusts the velocity of the AMR/AGVs.   
Step 4: [AMR reaches the construction site]
The AMR/AGV reaches the construction site and offloads the goods. 
  
[bookmark: _Toc100862440][bookmark: _Toc100921164]5.A.4	Post-conditions
[bookmark: _Toc100862441][bookmark: _Toc100921165]Thanks to the 5G system based sensing service enabling an enhanced AMR/AGV positioning and sensing of the environment, the involved AMR/AGVs are coordinated to arrive at their destination with minimal risk and interruption loss.  
5.A.5	Existing feature partly or fully covering use case functionality
A UE equipped with 5G positioning module may obtain positioning information of the UE based on the 5G positioning services. Moreover, the 5G system sensing services shall support detection and positioning of an object. Nevertheless, interpretation of an object’s position as a UE’s position (e.g., among multiple detected objects), as well as a joint positioning and sensing of a UE device as a physical object by the 5G system (when both 5G system services are available to the UE) has not been enabled by the current requirements. 
[bookmark: _Toc100862442][bookmark: _Toc100921166]5.A.6	Potential New Requirements needed to support the use case
[bookmark: _Hlk126885892]
[PR 5.A.6-1] Based on operator’s policy, the 5G system may provide a mechanism for a trusted third party to provide assisting information about a sensing target
Note: the assisting information can include a UE ID attached to or in proximity of the sensing target
[PR 5.A.6-2] Based on operator’s policy, the 5G system may derive sensing results of a sensing target utilizing the assistance-information provided by a trusted 3rd party                 
[PR 5.A.6-3] The 5G system shall be able to provide sensing results with the following KPIs: 
Table 5.A.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]

	
	
	
	

	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 5.14.6-1 are found in Section 3.1.




END OF CHANGE
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