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Justification

Sensing refers to the determination of the Distance, Elevation Angle and Azimuth Angle, speed and/or motion information of a target object. Based on the request or subscription from a server or a UE, a receiver is aware of the sensing information of the target object by receiving reflections of the signal sent from the transmitter. Objects that is detected don’t transmit signal.
Nowadays, there’s rapid growth from applications and mobile devices (e.g. smart car, mobile phone, robots and industrial machines) on the requirements of awareness of their surrounding environments, e.g. object detection. Sensing-based applications are more and more popular in verticals like smart home, smart city, smart transportation, smart retail, and industry 4.0. Some examples are introduced below:
· Auto driving: An UE on board car needs to detect motion of the surrounding objects for blind spot detection, collision warning, automatic distance control, …, etc.
· Home appliance control: UE on board Home devices needs to detect user gestures to switch on/off TV and switch channels, turn on/off and adjust lights, detect intruder, …, etc.

· An UE on board car needs to monitor velocity as well as the direction/distance of the surrounding cars, send the direction/distance and velocity information of surrounding cars as well as the UE location information to traffic analysis centre, so that the traffic analysis centre aggregates individual traffic information and sends aggregated information to all collaborating UE on board cars
· Dynamic 3D maps: In order to generate dynamic 3D map for smart city, the information about buildings and dynamic objects in a predefined area need to be detected by multiple UEs and gNBs, and those information will then be reported to a network authorized equipment (e.g. UE or Application server) for the 3D map generation
The awareness of sensing information can be achieved with 2 methods:

· TOF: sensing information is derived by comparing the transmitting signal and the echo signal.
· PAC: sensing information is derived by analysing the changing history of phase and amplitude of the received signal.
ToF is usually used for detection of a static object, which can provide more accurate information, and PAC is usually used for detection of a moving object, which can’t provide accurate information.
In a sensing system, there are usually 4 roles, which jointly provide the sensing services, and some of which can be collocated in the same UE or NF:
· Reflective Object: the target object who’s information is sensed. It is out of scope of 3GPP.
· Transmitter: the device who transmits the radio signal to the target object. It can be either a UE or a gNB.
· Receiver: the device who detects sensing information based on the reflections of the radio signal from the target object. It can be either a UE or a gNB.
· Initiator: An authorized device which requests from or subscribes to one or multiple receivers for the sensing information. It can be either a UE or an NF. It is usually the device which collects the sensing information.
The sensing information or the raw data can be aggregated and processed based on reflected signals of multiple transmitters. The sensing information or the raw data will then be transmitted from one or multiple receivers to the aggregation point for further processing. The aggregation and processing can be realized by either a UE or a sensing server. It is beneficial to introduce sensing based services to 3GPP. In a legacy Radar system there are usually interference due to the detection from multiple devices, which can be avoided with the 3GPP resource management. Additionally, higher sensing accuracy can be achieved by joint detection based on reflections from multiple transmitters, and 3GPP provides connections for the transmission of sensing data from multiple sources to the aggregation device. Moreover, no additional cost is introduced with reusing the 3GPP RF module for wireless sensing. Furthermore, it also brings new business opportunities to operators by deploying sensing based services.
4
Objective

The study item aims at investigating on 5GC enhancements to support Sensing-based services, either over direct communication or Uu interface, with the following architectural considerations: 
· Overall architecture reference model
· Identification and discovery of one or multiple transmitters and receivers subject to the same reflection object
· Service authorization and policy/parameter provisioning for the sensing transmitter(s) and receiver(s)
· Sensing data collection from UE or gNB
· Assurance of privacy
· QoS handling in terms of sensing accuracy, availability, latency, effective sensing distance, coverage, etc.
· Sensing service request initiation and service exposure
· Determination of sensing methods, i.e. ToF or PAC
· Access type selection, i.e. 5G NR or non-3GPP
· Energy efficient UE sensing services and operation for low power consumption UEs
NOTE: Architectural implications to NG-RAN will be coordinated with RAN WGs.
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Expected Output and Time scale
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Work item Rapporteur(s)

7
Work item leadership

SA2 
8
Aspects that involve other WGs
SA3 for the Security aspects, SA5 for the Charging aspects, RAN for the RAN related issues.
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