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Abstract: This use case presents a specific use of sensors to identify a sensor group, a concept that this pCR introduces.
1. Introduction
The source for the image in Figure 5.X.1-1 is under the creative commons license:
https://commons.wikimedia.org/wiki/Category:Construction_sites#/media/File:PERI_Jump_Form_System.png 
2. Reason for Change
changes in 3338
- spell check [Jose]
- terminology for 6DoF [Ki-Dong] => seems right, ask!
- removed 'accuracy of detection of the pose (roll, pitch, yaw) of sensing
- combination of sensing information is handled by the AF and not part of the 5G standard [Vasil]
- added an editor's note - the relationship between sensor groups and existing 3GPP groups (e.g. MCX groups) is FFS [Ki-Dong]
- discovery of devices in which domain (3GPP or external), based on what criteria? [Amanda]
- clarify in requirement 5.x.6-3 what does 'sufficient information' mean? [Amanda]
- extend the use case description to add more of a rationale (construction safety and efficiency while moving objects) [diverse]
- explain the KPI table's relevance [Amy]
changes in S1-223505
- Add an EN stating the relation between synchronization and multistatic sensing is FFS. [Daniel]
- Add an EN to align the KPI table and the text in the tdoc [Amy]
- Fix the terminology '6 dimension of Freedom' => 6DoF [Ki-Dong]
- Fix RF measurements are as 'measurement results' not 'measurement data' (for non-RF measurements) [Vasil]
- Remove remaining 'orientation information' for the sensors in the sensor groups that I did not remove in 338
---
changes in 581
- clarify that combination of RF and nonRF measurements is done in the AS [Vasil]
- clarify the 2nd requirement 'proximity' [Jesus, off-line]
- expose sensing results to the third party not sensing measurement data [Vasil, off-line] marked with highlighting
- clean up of the use case text (which had 2 actors that should have been a single actor, Benoît) [Erik]
689
remove highlighting only

3. Conclusions
<Conclusion part (optional)>
4. Proposal
It is proposed to agree the following changes to 3GPP TR 22.837-020
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Second Change
[bookmark: _Toc113213322]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
sensing measurement data: data collected about radio/wireless signals impacted (e.g. reflected, refracted, diffracted) by an object or environment of interest for sensing purposes.
sensing measurement process: process of collecting sensing measurement data.
sensing result: the information derived from processing sensing measurement data.
NOTE: Examples of sensing result are characteristics of an object or environment, etc.
Sensing service area location:  an area location whether with or without obstacle, the 5G system can provide sensing service with certain quality.
transparent sensing: sensing measurements are communicated such that they can be discerned and interpreted by the 5G system, e.g. the data is communicated using a standard protocol to an interface defined by the 5G system.
sensing group: a set of UEs that support sensing operations all of whose location is known and whose sensing measurement data can be collected synchronously.

Third Change
[bookmark: _Toc113213348]5.X	Use case on Sensor Groups
[bookmark: _Toc113213349]5.X.1	Description
Sensing has been considered in this technical report in terms of interaction between a UE and a base station. This information however is only partial, as it extends along a limited UE-base station axis. This information however can be considered a component of a scene that, when gathered with other available sensor data, can be synthesized into more comprehensive information.
Where the sensor is video, LiDAR, sonar, etc., (that is, it operates in some other way than 3GPP defined radio access technology,) it is still valuable to gather simultaneous sensor data and combine it. Only this way can sensor data capturing a scene (such as the front and back and sides of an object of interest, etc.) be obtained.
In the Localized Mobile Metaverse Services use case 5.1 in [11], includes the following text "His mobile device begins to collect information about his surroundings. The collected information can include information that is obtained by interacting with nearby devices (e.g. sensors and other mobile devices)."
This use case explores the implications of this function. Specifically how can a UE identify sensors that are present that can provide information sought by the UE?
In this particular use case, on a construction site, a crane is lifting a large object near a tower. Construction worker safety, efficient pursuit of tasks and other situational awareness to prevent disasters are important tasks. Instead of merely relying on the crane operator, this use case allows the 5G system to model and track the tower, crane and payload as it is in motion.
 
[image: cid:image001.png@01D8D425.6786B6F0]
Figure 5.X.1-1: Group Sensing, to provide sensing services
In Figure 5.X.1-1, the UE is on a construction site. It seeks to identify sensors available at that site to provide sensing data potentially relevant to obtaining information for the user. These sensors - in the UE's proximity and available to provide sensor data (that is, this service is authorized,) comprise a sensor group. 
The use case assumes that sensors that can form a sensor group are either UEs or communicate by means of a UE (as a kind of 'split terminal equipment (TE)' UE.)
It is essential to capture a 'synchronous' group of sensors and their movements in 3 dimensions in order to optimally combine the sensor data for the purpose of localization computations. This is particularly important when the viewer is near a large object or any non-static object must be modeled on all sides. This is an active area of research, for example in 6DoF Tracking and sensing. [y] The techniques described in this paper concern how to determine the 3D position and orientation of drones with synchronization, but it is clear that this is a fundamental requirement of a group of sensors providing input on a single physical object in (absolute or relative) motion.
Editor's Note: The relation between a sensor group and other group features defined in 3GPP (e.g. MCX groups) is FFS.
Editor's Note: The relation between synchronized sensing data and multistatic measurement is for further study.
In this use case, a user's UE identifies a sensor group, through interaction with an AS. Part of identification of the sensors in the group is obtaining sufficient information that the user can become authorized to obtain sensor data, and the relevant service access information is obtained. The goal of the use case is to enable the acquisition of sensor data in a UE's proximity. The communication of the sensing data itself is out of scope of this use case.
Discovery of the kind described here can potentially be accomplished by different radio technologies, e.g. NR ProSe, UWB, IEEE 802.11, etc.
5.X.2	Pre-conditions
Benoît inspects various construction sites. He has a UE equipped with a set of surveillance and appraisal applications. 
On construction sites he visits, there are sensors deployed. Some are UEs, e.g. using NR-based sensing. Other sensors include video cameras, LiDAR equipment and passive infrared sensors. These are not, generally, installed directly in the terminal equipment, but rather use the terminal equipment to communicate, as shown in 5.X.2.
[image: ]
Figure 5.X.2-1: Sensors available to become a sensing group
In the scenario above, (a) is a UE that serves various sensors that are themselves not UEs. The means by which these sensors communicate with the UE is out of scope of this use case. They could be e.g. connected by means of a physical cable. (b) is a UE that is capable of 3GPP defined sensing. (c) is a UE that can operate the UE camera for sensing purposes. 
In this example (a) and (b) are authorized and ready to send mobile originated sensing data to an AS. 
The sensing measurement data (non-RF sensing) and sensing result (RF sensing) acquired by the AS can be combined in software in a manner that is out of scope of the 5G standard. In this use case, the combination is performed by the AS.
Benoît's UE, (c), is authorized to access the media (the sensing result output of the AS produced by taking account of the sensing measurement data from (a) and (b), etc.) provided by the AS.
NOTE:	The architecture shown above is only an example - to indicate that the media communication is out of scope (in the application domain.) Another architecture, e.g. where direct communication is used, or something else entirely, could be considered - and is out of scope of this use case. 
Benoît, using UE (c), monitors the construction site for safety and efficiency.
5.X.3	Service Flows
Benoît's UE (c) uses functionality provided by the 5G system to seek to determine the existence of UEs (a) and (b), referring to Figure 5.X.2-1.
UE (c) has knowledge of the AS that accumulates sensor information that could be of interest.
UE (c) requests of the AS that accumulates sensor information for a sensor group: what sensors are in the proximity?
UE (c) is able to become authorized to receive information concerning the sensor group. 
The AS requests the 5G system obtain a sensing group. 
The 5G system will identify the set of UEs that provide the AS with sensor information that are in the proximity of UE(c). The 5G system will strive to synchronously locate 4 or more devices, to be localized within 10cm of accuracy, with accuracy of measurment within 5 ms of synchronization.
NOTE: 	It is impractical for the AS to continuously track the location of each of these UEs because their location can change and this information is needed only on demand. The group needs to be captured together, at the same time, since the sensor data of the group needs to be interpreted by UE (c) together. 
The AS provides UE (c) with sufficient information to identify the sensing group of UEs that are ready to provide sensing measurement data (for non-RF sensors) and sensing results (for RF sensors,) as well as how to get sensing data from the sensing group from the AS. 
UE (c) requests to obtain sensing measurement results from the sensing group. The sensors must be within proximity and their locations are known with great accuracy (within 10cm in 3D), with accuracy of measurement within 5 ms of synchronization..
UE (c) is authorized to obtain sensing measurement results from the sensing group.
UE (a) provides sensing measurement data and UE (b) or the network provides sensing results. These are received by the AS and combined. This sensing result is provided to UE (c) by the AS.
UE (b) is mobile and its position varies. UE (c) must identify its position with sufficient accuracy to interpret the sensing result meaningfully. Since UE (b) is mobile, its position and movements must be tracked to provide accuracy up to 10 cm, with accuracy of measurment within 5 ms of synchronization.
UE (b) leaves the proximity of UE (c). UE (c) identifies that UE (b) has left the sensing group.
Later, UE (b) returns to proximity of UE (c). UE (c) identifies that UE (b) has joined the sensing group, including its position within 10 cm, with accuracy of measurment within 5 ms of synchronization.
The crane operations are monitored by sensors (a) and (b), providing different perspectives by means of sensing measurement data from non-RF sensors and sensing results from RF sensors to the AS.
5.X.4	Post-conditions
Benoît, making use of UE (c), is able to ascertain with very high accuracy the location and movement of the entire group of UEs that can form a sensor group. The ability of UE (c) to identify the position and membership of the group continues over time, so that the current membership of the group is known, and that membership can change.
The AS is able to combine the sensing measurement data acquired by non-RF sensors and sensing results acquired by RF sensors from different perspectives and produce a useful 3D representation of the site to the site supervisor, who receives the sensing result by means of media delivered from the AS to the Benoît's UE (c).
5.X.5	Existing feature partly or fully covering use case functionality
There are requirements specified in 22.261, 6.37.2 to support ranging services that are relevant to this use case. These were developed in the FS_Ranging study. [x]
-	The 5G system shall be able to support for a UE to discover other UEs supporting ranging.
-	The 5G system shall be able to start ranging and stop ranging according to the application layer’s demand.
-	The 5G system shall be able to provide mechanisms for a MNO, or authorized 3rd party, to provision and manage ranging operation and configurations.
-	The 5G system shall be able to support ranging enabled UEs to determine the ranging capabilities (e.g. capabilities to perform distance and/or angle measurement) of other ranging enabled UEs.
-	The 5G system shall be able to allow a ranging enable UE to determine if another ranging enabled UE is stationary or mobile, before and/or during ranging.
-	The 5G system shall allow ranging service between 2 UEs triggered by and exposed to the application server.
Differences between this use case and the above ranging requirements, and ranging in general include:
-	Sensing measurement data is not acquired 'between UEs' but by means of different sensing technologies.
-	It is not sufficient to discover other UEs that support sensing: these must be in the discovering UE's proximity and the discovered UE's precise location must be ascertained.
-	In this use case, a 'sensing group' is formed, where in Ranging, all range information was acquired through interactions directly (or indirectly if relayed) between UEs.
5.X.6	Potential New Requirements needed to support the use case
[P.R.5.X.6-1]	The 5G system shall allow an authorized UE to discover the precise location of other UEs in proximity that are authorized to provide sensing measurement data from non-RF sensors and sensing results from RF sensors, within a maximum latency.
Table 5.X.6-1: KPIs for sensing sensors
	Use case
	Position Accuracy of the sensing devices in the sensing group
	Synchronization interval for UE localization and sensing
	Range
	Number of UEs to support sensing
	Relative speed of UEs and object measured

	Identify sensing group 
	10 cm
	<= 5ms
	10 - 100m
	6-8
	3.6 kmph (walking speed)


NOTE: 	The KPIs above suffice to determine the location of a set of sensors, so that these sensors can provide coordinated sensing results (from RF-sensors) and sensing measurement data (from non-RF sensors) from which can successfully be associated with objects in motion. Otherwise sensing data acquired from different perspectives could be effectively impossible to correlate.

Editor's Note: the KPIs in this table and in the rest of this use case have to be aligned.
[P.R.5.X.6-2]	The 5G system shall allow an authorized AS to discover a sensing group of UEs in the proximity of the UE that is requesting the service from the AS. 
NOTE: 	This requirement assumes that a UE requests an AS to identify a set of UEs that have sensing functions that can provide sensing results from RF sensors and sensing measurement data from non-RF sensors to that AS.
End of Changes
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