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2	Classification of the Work Item and linked work items
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3	Justification
Wireless sensing technologies aim at acquiring information about a remote object and its characteristics without physically contacting it. The perception data of the object and its surrounding can be utilized for analysis, so that meaningful information about the object and its characteristics can be obtained.  
Radar (radio detection and ranging) is a widely used wireless sensing technology that uses radio waves to determine the distance (range), angle, or instantaneous linear velocity of objects. There are other sensing technologies including non-RF sensors, which have been used in other areas, e.g., time-of-flight (ToF) cameras, accelerometers, gyroscopes and Lidar. 
Integrated Sensing and Communication in a 3GPP 5G system means the sensing service is provided by the same NR wireless communication system and infrastructure as used for communication, and the sensing information could be derived from RF-based and/or non-RF based sensors. In general, it could involve scenarios of communication assisted sensing, e.g., where 5G communication system provides sensing services, or sensing assisted communication, e.g., when sensing information of the communication channel or environment is used to improve the communication performance of the system.
There are multiple market segments and verticals where 5G-based sensing services can be beneficial for intelligent transportation, aviation, enterprise, smart city, smart home, factories, consumer applications, XR, and public sector,. 
Mobile operators can play an important role in providing 5GS-based Integrated Sensing and Communication to customers, including e.g., the management and control of 5G-based sensing service. A recently published 5G-Automotive Association (5GAA) technical report (5GAA_White-Paper_C-V2X-Use-Cases-Volume-II.pdf), illustrates some example of the roles operators can play to enhance V2X type of services, specifically for Infrastructure Assisted Environment Perception, Infrastructure-Based Tele-Operated Driving, High-Definition Map Collecting and Sharing and Tele-Operated Driving Support.  
Other example use cases to study of 5GS to provide communication assisted sensing services are:
· Environment Real-time monitoring: Using wireless signals to reconstruct the environment map to further improve positioning accuracy and enable environment related applications, such as realizing an array of real-time monitoring related applications including dynamic 3D map for driving assistance, pedestrian flow statistics, intrusion detection, traffic detection and etc.
· Autonomous vehicles/UAV: Autonomous vehicles/UAV applications have some common functional requirements. For example, Autonomous vehicles/UAV shall support Detect and Avoid (DAA) to avoid obstacles. Meanwhile, Autonomous vehicles/UAV shall have the capability to monitor path information, like selecting routes, complying with traffic regulations.
· Weather or air pollution monitoring: The quality of the received wireless signal displays different attenuation characteristics with changes in air humidity, air particulate matter (PM) concentration, carrier frequency and etc, which can be used for weather or air quality detection.	Comment by Betsy 1: Scholarly articles mention weather monitoring at THz frequencies, which would be out of 5GA. Possibly something to consider for a future release.
· Indoor Health Care and Intrusion Detection. Respiration rate estimation, breathing depth estimation, apnoea detection, elders’ vital sign monitoring and indoor intrusion detection can be realized by wireless sensing.
Additionally, sensing of wireless communication channels and environment could further improve the performance of communication systems. Some examples of sensing assisted communication scenarios are:	Comment by Betsy 1 [3]: As currently written, this seems more applicable to a RAN study than SA1. There may be positioning enhancements that would be appropriate to consider in SA1, but what is done with that positioning information is beyond SA1 scope.
· Sensing UE’s location and channel environment to narrow the beam sweeping range and shorten the beam training time.
· Sensing UE’s location, velocity, motion trajectory, and channel environment for beam prediction, and reducing the overhead of beam measurement and the delay of beam tracking.
· Sensing UE’s property and channel environment to improve the performance of channel estimation.
It is therefore proposed to perform an SA1 study, as per objectives listed in the next section.
[bookmark: _Hlk94032217]The study should cover network-based sensing and UE-based sensing. For RF-based sensing, it could operate in both centralized and distributed mode, i.e. scenarios where the transmitter and receiver of the sensing signal can belong to the same entity (e.g. BS/UE), different entities, or multiple transmitters/receivers can collaborate among them.	Comment by Betsy 1 [5]: This is more appropriate for the objectives than the justification.
Note: For scenarios covering UE-based sensing, existing SA1 functionalities and requirements may apply, e.g., related to Rel-18 Ranging, and potential gaps or enhancements should be analysed.

4	Objective
The objective of this study item is to study use cases and requirements for 5G system to provide integrated sensing and communication services including network-centric,at least UE-centric (both in coverage and out of coverage) or a combination of both.
The objectives of the study include:
-  Study use cases and potential requirements for enhancement of the 5G system to provide Integrated Communication and Sensing services addressing different target verticals/applications, e.g. autonomous/assisted driving, V2X, aviation/UAVs, 3D map reconstruction, smart city/factories, public sectors, healthcare, smart home, in-car sensing, infrastructure monitoring and crowd management, gaming, XR, public safety etc. Scenarios should cover both communication-assisted sensing and sensing-assisted communication.	Comment by Betsy 1 [6]: I agree with Daniel there are too many examples – examples do not need to be comprehensive. 2-3 should be sufficient.	Comment by Betsy 1 [8]: Can someone clarify what this means?  Is it possible to express in a way that does not require defining the term?
NOTE1: For 5G RF based sensing, transmitter and receiver can be located in same or different sensing entities (UE or BS), and multiple transmitters/receivers can collaborate together.
NOTE2: Non-5G type of sensors (RF or non-RF based, such as Radar, Lidar, cameras, motion sensors, etc.) could should also be considered.	Comment by Betsy 1 [10]: 5GA enhancement to support transmitting sensor data of various types should be considered as there are already many such sensors in existence and they will likely co-exist in the 5GA timeframe.
-  Sensing and communication functional requirements applicable to the identified use cases:
· Network control of sensing service management, e.g., discovery, authorization, provisioning and (de)activation/update of the sensing service. 	Comment by Betsy 1 [11]: This sounds like creating a sensing service rather than providing sensing related functionaltiy
· Configuration, collection and reporting of the sensing information, including different dimensions of sensing services (e.g., per UE/BS, object/area of interest), radio resources used for the sensing service (e.g.., licensed/unlicensed spectrum), etc. 	Comment by Betsy 1 [12]: This seems to be related to the following bullet for data sharing with a 3rd party. 
· Exposure of the sensing and communication service information to 3rd party.
· Optimization of communication management and operation, e.g., radio outage/blockage detection and prevention, interference mitigation, channel estimation, beam management, optimized mobility, , etc.	Comment by Betsy 1 [15]: Agree with Daniel, this should be left to RAN groups
-  Sensing and communication performance requirements pertaining to each of the identified use cases :
· Sensing range, angle (e.g., incident angle), motion, velocity, sensing resolution, periodicity, latency, response time, accuracy/reliability, energy efficiency, etc. 
· Communication QoS requirements for delivering the sensing data;
-  Aspects related to security, privacy, regulatory requirements and charging.
-  Gap analysis between the identified requirements and existing 5GS requirements or functionalities. 
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