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Abstract: This document provides a text proposal for the use of blind spot detection with integrated sensing and communication technology.
1. Introduction
Introduce a use case of how to enable blind spot detection with wireless sensing into the sensing TR.
2. Reason for Change
Include definitions on sensing target. There are 4 kinds of sensing targets:
	static area, where moving car, train, human affects the received signals.
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	moving area, where moving car,  human affects the received signals, especially received by this car.
 [image: ] this car’s trust zone/area is moving with the car
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	static object, received signals attenuated by the object, can derive the size of the building, the material of the building and etc
Higher frequency band is expected to be needed.
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	moving object, similar to positioning, relative distance and velocity can be obtained by deriving the doppler shift.
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Adding a use case on wireless sensing based blind spot detection service with some functional requirements and KPIs to the TR.
3. Conclusions
4. Proposal
It is proposed to agree the following changes to 3GPP TR22.837 v0.3.0.


* * * First Change * * * *
[bookmark: _Toc113213320]2	References
[x]	https://www.bosch-mobility-solutions.com/en/solutions/assistance-systems/blind-spot-detection/.

* * * First Change * * * *
[bookmark: _Toc120625125]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].
5G Wireless sensing: 5GS feature providing capabilities to get information about characteristics of the environment and/or objects within the environment (e.g. shape, size, speed, location, distances or relative motion between objects, etc) using NR RF signals and, in some cases, previously defined information available in EPC and/or E-UTRA.
Motion rate accuracy describes the closeness of the measured magnitude of the target object’s vibration frequency caused by part(s) of the target object to the true magnitude of the target object’s vibration frequency.
Editor’s Note: terminology of motion rate accuracy needs to be refined.
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.
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 receiver: A Sensing receiver is an entity that receives the sensing signal which the sensing service will use in its operation. A sensing receiver is an NR RAN node or a UE. A Sensing receiver can be located in the same or different entity as the Sensing transmitter.
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.
[bookmark: _Hlk128119483]Sensing target area: an area that needs to be sensed by deriving the dynamic characteristics of the area from any moving obstacles (e.g. cars, human, animals) from the impacted (e.g. reflected, refracted, diffracted) wireless signals. There are 2 kinds of target area:
· Static sensing target area: a pre-defined area that does not move from the sensing transmitter’s perspective. 
· Moving sensing target area: a trusted zone with a target that moves from the sensing transmitter’s perspective.
Sensing transmitter: A Sensing transmitter is the entity that sends out the sensing signal which the sensing service will use in its operation. A Sensing transmitter is an NR RAN node or a UE. A Sensing transmitter can be located in the same or different entity as the Sensing receiver.
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.
The following KPIs apply to the definition of the use cases on sensing qualitative requirements:
-	Sensing service area: a service area where sensing services would solely rely on infrastructures and sensing technologies that can be assumed to be present anywhere where 5G is present. This includes both indoor and outdoor environments.
The following KPIs apply to the definition of the use cases on sensing quantitative requirements: 
-	Accuracy of positioning estimate describes the closeness of the measured sensing result (i.e. position) of the target object to its true position value. It can be further derived into a horizontal sensing accuracy – referring to the sensing result error in a 2D reference or horizontal plane, and into a vertical sensing accuracy – referring to the sensing result error on the vertical axis or altitude.
-	Accuracy of velocity estimate describes the closeness of the measured sensing result (i.e. velocity) of the target object’s velocity to its true velocity.
-	Confidence level describes the percentage of all the possible measured sensing results that can be expected to include the true sensing result considering the accuracy.
-	Sensing Resolution describes the difference of the measured magnitude of two target objects, which is the magnitude needed to distinguish the two target objects.
-	Range resolution denotes the minimum difference in distance between target objects to have a measurably different range.
-	Velocity resolution denotes the minimum difference in velocity between target objects to have a measurably different velocity.
-	Missed detection describes the probability of missing to acquire a sensing result when the 5G system attempts to acquire a sensing result. It applies only to binary sensing results.
-	False alarm describes the probability of detecting a false sensing result that does not represent the characteristics of a target object or environment when the 5G system attempts to acquire a sensing result. It applies only to binary sensing results.
-	Max sensing service latency: time elapsed between the event triggering the determination of the sensing result and the availability of the sensing result at the sensing system interface.
-	Refreshing rate: rate at which the sensing result is generated by the sensing system. It is the inverse of the time elapsed between two successive sensing results reporting to the application server.


* * * First Change * * * *
5.x	Use case on blind spot detection
5.x.1	Description
Blind spot detection reduces the risk of accidents during lane changes by monitoring the dangerous blind spot area [x]. The blind spot area is a typically a moving target area that changes when car moves if we take the road infrastructure as reference point. Currently, the blind spot detection system operates via a variety of external sensors located on a car’s bumpers and wing mirrors, which can detect if a person or vehicle enters your blind spot, notifying you via an audible or visual cue - typically, a warning light located in the car’s wing mirror. 
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Description automatically generated]
Figure 5.x.1-1: blind spot detection system, a moving target area.
Wireless sensing technology can be utilized to detect obstacles that presents in car’s blind spot area:
· Case I: Base stations on the roadside are already used to provide 5G coverage for communication, and the radio signals that reflected can be used to sense the blind spot area of a car.
· Case II: Base stations on the roadside are already used to provide 5G coverage for communication, and the radio signals that received by the UE (i.e. the car is a 3GPP UE, or there is a 3GPP UE such as smartphone on the car) can be used to sense the blind spot area of the car.
Any obstacle that presents in the car’s bind spot area, no matter the obstacle is moving (e.g. car, motorcycle, walking human, animal etc) or static (building, tree), will affect the reflected/received signals. By deriving the characteristics of the affected signals, obstacle can be detected, and danger can be avoided. It is convenient to utilize current deployed 5G network system to achieve this blind spot detection.
This use case is to reuse 5,8 to describe the blind detection aspects.
5.x.2	Pre-conditions
MNO provides blind spot detection sensing service to different kinds of subscribers:
· Bob’s car is a 5G UE and subscribes to this sensing service.  His car has NR-based sensing technology and capabilities such as NR-based sensing capabilities, sensing processing capabilities are also provided to the MNO.
· Juan’s car is not a 5G UE, but his 5G UE (smartphone) subscribes to this sensing service, where an application is installed on the 5G UE.
· Alex’s car is not a 5G UE, an application installed on his car subscribes to this sensing service
Laura has no subscription to the blind spot detection sensing service.
5.x.3	Service Flows
Step 1: Bob, Juan, Alex and Laura are friends and driving together to Alps skiing resort. At 8:00am, Bob starts from Street A, Juan and Alex start from Street B and Laura start cars from Street C. Bob, Juan and Alex trigger the bind spot detection sensing service separately.
Step 2: When received the service request, 5G system discovers and configures sensing transmitter(s) and sensing receiver(s) to track and monitor the moving car’s blind spot area (from sensing transmitter’s perspective), e.g.:
· Bob’s car is a 5G UE and has NR-based sensing capabilities, 5G system configures base station(s) as sensing transmitter and Bob’s car as the sensing receiver. The moving blind spot area is tracked by Bob’s 5G UE.
· Juan’s car and Alex’s car are not 5G UE. 5G system configures base station(s) as sensing transmitter and sensing receiver. Juan’s car’s moving blind spot area and Alex’s car’s moving blind spot area are separately tracked by 5G base station.
Step 3: Sensing measurement data is collected by sensing receiver and transferred to the sensing processing entity to derive the sensing result, which is then exposed to the service consumer to fetch out whether there is obstacle presence in the blind spot area, e.g.:
· Bob’s car is a 5G V2X UE and has processing capabilities, 5G system authorizes 5G UE as sensing processing entity.
· Juan’s car is not a 5G V2X UE, but Juan has his smartphone (5G UE) carried in car, 5G system authorizes 5G UE as sensing processing entity.
· Alex has no 5G UE on board, 5G system processes the sensing measurement data to derive sensing result.
Step 4: A car is moving very fast from Street A to Street B to Street C and presents sequentially in Bob’s, Juan’s Alex’s and Laura’s blind spot area. 
· Bob is changing lane, the moving car is detected and Bob safely changed lane.
· Juan and Alex turning left, the moving car is detected and they safely turned right. 
· Laura is overtaking a truck, the moving car suddenly presents in the blind spot area, Laura forgets the over-shoulder view and hits the moving car. 
5.x.4	Post-conditions
Bob, Juan and Alex drive safely to the Alps skiing resort and enjoy their holiday thanks to the blind spot detection sensing service. 
Laura is in hospital.
5.x.5	Existing features partly or fully covering the use case functionality
None
5.x.6	Potential New Requirements needed to support the use case
[bookmark: _Hlk128119500][PR 5.x.6-1] The 5G System shall be able to provide sensing service to track a moving sensing target area.

* * * End of Change * * * *
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