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1. Introduction

5G wireless sensing, as defined in TS 22.137, provides information about environmental characteristics and objects, including shape, size, orientation, speed, location, distance, or relative motion between objects, etc. Performance requirements in TS 22.137are typically determined based on positioning or velocity estimates of a sensing target's geographical center. Similarly, 5G positioning services for vertical and mission-critical applications aim for accuracy within 1-10 meters for a given 3GPP device’s positioning signal transceiver.
The use case of environmental object reconstruction in 3GPP demands finer characterization of surrounding targeted objects based on wireless sensing signal to facilitate industrial innovation.

The implication of the task of environment object reconstruction is to “capture” representative micro- characteristics within a given environment object as many as possible (i.e. being rich enough) (i.e. be clear enough), and operate within specific time constraint (i.e. being fast enough), from abundant sensing measurement data generated by 3GPP wireless sensing signal.
2. Reason for Change
This document provides a new use case on environment object reconstruction.
3. Proposal

It is proposed to agree the following changes to 3GPP TR 22.870
* * * First Change * * * *
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* * * Second Change * * * *

3
Definitions of terms, symbols and abbreviations

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].

Micro-characteristic of sensing target: finer characteristics of an environment and/or object derived by 3GPP radio frequency signals. A sensing target is characterized by a set of sensing information of micro-characteristics.
NOTE 2: For example, a micro-characteristics of a vehicle can be a door, trunk, hood or even headlight if need. For an urban office building, micro-characteristics can be numerous architectural points from each building wall or surface. 
* * * Third Change * * * *(All new changes)
6.x
Use Case on Environment Object Reconstruction
6.x.1
Description

Environmental object reconstruction offers significant potential with great societal and business impact, representing opportunities across wide range of sectors, from smart factories, homes and transportation to components of/entire smart cities and countries. The 3GPP ISAC provides a non-invasive dual-functionality of communication and sensing data collection of environmental features for reconstruction. This sensing data collection is expected to unlock new services and support enhanced performance, deployment utilization, energy, and spectral efficiencies due to the nature of ISAC and also its wide-area coverage and radio-signal availability. For static environmental objects, such as outdoor building/city construction and indoor machinery/wall, 3GPP wireless sensing is effective to provide a wealth of low-cost environmental information for both wide-areas and certain areas. Additionally, for monitoring dynamic targets of interest, such as vehicles, this is essential for enhancing environmental perception, especially in scenarios where non-line-of-sight (NLOS) conditions or poor visibility may limit traditional sensing methods. 

The use case of environmental object reconstruction in 3GPP demands finer characterization of surrounding targeted objects based on wireless sensing signal to facilitate industrial innovation. Some applications include:

· Smart Transportation: The impact of autonomous driving is expected to be significant in terms of safety and comfort, and potentially high efficiencies with respect to traffic, logistics, energy, etc. Such application requires advanced knowledge of moving target detection and its trajectory with detection-to-track association [r1], within a multi-object tracking context, including perception of micro-features of the surrounding objects such as micro-Doppler effects, precise classification, and accurate dimensions/orientations, etc. Rough localization of these objects is insufficient for ensuring transport safety and public confidence. Therefore, environmental object reconstruction by the 3GPP wireless sensing is to provide assistance for interpreting the complex traffic scenario and making rapid decisions. 
· Smart City: a smart city can demand survey/digital twinning for a component/system of an entire city, which has motivated a number of smart city initiatives [r3] to capture dynamic nature of society. Initially based on cameras, these digital twin models, can be greatly enhanced by  environmental object reconstruction enabled by 3GPP wireless sensing
· Smart Home: there are increasingly interests for innovative application of smart home, e.g. for fall detection, provided with better sensing privacy protection and reliability. Environmental object reconstruction at home is expected for finer sensing information of home objects in order to improve service stability for better consumer experience.  
Typical environmental objects to be reconstructed can include the following: 

· Table 6.x.1-1: Representative dimensions of an environment object 

	Object Type
	Dimensions

	Building
	Approximately ~400m x ~200m x ~20m (L x W x H), static

	Vehicle
	Truck: 13mx2.6mx3m (LxWxH), up to 140km/h



The 3GPP ISAC is expected to offer significantly higher precision and resolution in sensing, and more detailed characteristics of an environment object in the spatial domain. The implication of the task of environment object reconstruction is to “capture” representative micro-characteristics within a given environment object as many as possible (i.e. being rich enough), with sufficient details (i.e. be clear enough), and operate within specific time constraint (i.e. being fast enough), from abundant sensing measurement data/sensing results generated cooperatively. 
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A) Finer characteristics of a building B) Finer characteristics of a vehicle




Figure 6.x.1-1


6.x.2
Pre-conditions

Map provider A is a third-party service provider which can render and virtualize detected/tracked surrounding environmental objects within its application, offer real-time 3D virtualization of objects (e.g., via 3D glasses), and display alerts for object-related warnings and information. Examples of alerts include “a car is approaching from the left street corner in 3 seconds".
Good partnership and cooperation are established between Map provider A and Mobile operator B in City C. Requested by Map provider A for sensing service, suitable sensing transmitter and/or sensing receiver  deployed in City #C are selected by Mobile Operator B to constantly sense environment objects of City #C including building and vehicle. The sensing signal emitted from sensing transmitter arrives at an environment object whose micro-objects will reflect/diffract the signal to be detected by selected sensing receivers.   
NOTE:
For the ease of elaboration, base station or UE is acting as sensing transmitter and/or sensing receiver. Other sensing modes are not excluded and can be useful for environmental object reconstruction.
Charlie is a subscriber of Mobile operator B, and also a subscriber of Map provider A for real-time 3D virtualisation of his surrounding objects. Charlie would like to navigate unfamiliar city streets while wearing 3D glasses, which display surrounding objects in real-time, for his interest and safety. 

6.x.3
Service Flows
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Figure 6.x.3-1
Step 1: Charlie is a tourist, who is driving a car to enjoy the view around her in City #C. He would like to navigate unfamiliar city streets while wearing 3D glasses, which display surrounding objects in real-time, for her interest and safety. Map provider A initiates a sensing request to Mobile Operator B for the latest information of environment reconstruction in the vicinity of Charlie, who is the subscriber of both Map provider A and Operator B. The sensing objects, required by Map provider A, include vehicles, city architecture, etc, around Charlie up to a certain range. 
Step 2: Mobile Operator B selects and configures the sensing transmitter and sensing receiver, and any applicable non-3GPP sensors, to facilitate the sensing operations. Both 3GPP and non-3GPP sensing data will be collected, aggregated, and processed by Operator B’s network in accordance with environment reconstruction requirements. 

Step 3: Based on environment reconstruction requirements, operator B is expected to preform further sensing operations dedicated to each individual object, to provide fine characteristic, in order to determine object type/dimension, monitor micro-motions like car turning, etc. Corresponding sensing operations may require cooperative and dedicated sensing resource allocations across 3GPP system for Charlie. Thereafter sensing results of micro-objects of each object are delivered to Map provider A.
Step 4: The sensing results generated by Operator B, with more detailed characteristics of environment objects, are exposed to Map Provider A. This data enables Map Provider A to update Charlie's localized map, reflecting changes such as ongoing construction of university campus, shapes/dimensions of targets, and real-time tracking of movement direction/speed etc.
Step 5: Charlie receives a real-time hazard (e.g. a car is approaching from the left street corner in 3 seconds) display from Map Provider A virtualized in his glass, tailored to Charlie's trajectory. This information is transmitted through Operator B’s network, adhering to pre-defined latency requirements.   
Step 6: Luckily Charlie has a chance to visit City# C again. Mobile Operator B keep detecting and tracking ongoing renovation by sensing for local university campus including new classroom buildings. During his visit, such renovation is completed roughly. By partnering with Mobile Operator B, Map Provider A can integrate and reconstruct the buildings into the real-time 3D map. Charlie decides to pay a visit because of his interest and unique building design. 
6.x.4
Post-conditions

User Charlie can safely travel in a new city with enjoyable information associated with his surroundings and necessary travel advice. 
6.x.5
Existing features partly or fully covering the use case functionality
3GPP TR 22.837 has described use cases to monitor micro doppler effect by ISAC caused by chest rise/fall during sleeping when detecting the doppler. The sensing results are represented by human respiration rate.  The micro doppler effect can be considered as partial information of finer characteristic of single micro-object of a sensing target, e.g. when detecting the chest of a human being. 

In this use case, 3GPP ISAC is expected to detect and track more comprehensive micro-objects of individual environmental object, e.g. for a building, vehicle, robot, etc, with sufficient and accurate sensing information per object type. 

6.x.6
Potential New Requirements needed to support the use case
[PR 6.x.6-1] The 3GPP system shall be able to provide sensing service to detect, and/or track micro-characteristics of sensing target.


Table 6.x.6-1: Sensing requirements of environment object reconstruction
	Object
Type
	Numbers of micro-characteristics per object
	Localisation accuracy (Vertical/Horizontal)
	Velocity 
accuracy (Vertical/Horizontal)
	Missed detection
	False Alarm
	Refreshing rate

	Building
	[100~10k]
	[1~10m]
	NA
	FFS
	FFS
	FFS

	Vehicle
	[10~100] 
	[0.5~1m] 
	[0.5~5 m/s]
	FFS
	FFS
	FFS

	NOTE1：The building is about 400m x200m x 20m (Length x width x height).

NOTE2: The vehicle is about 13mx2.6mx3m(Length x width x height).


Editor’s Note:
 the KPI values for this use case is FFS.
* * * End of Changes * * * *

