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Abstract: This document provides a Text Proposal for the use case about indoor positioning in shopping centre using Ambient IoT.
Proposal
[bookmark: _Hlk513714389]It is proposed to add the following reference and use case description in TR 22.840.
************* Start of Changes ***************
[bookmark: _Toc66350859][bookmark: _Toc49931674]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[x1]	3GPP TS 22.261: "Service requirements for the 5G system".
[x2]	EPC Tag Data standards version 1.1 Rev.1.24.



********* Next Change *******
5.x	Indoor positioning in shopping centre using Ambient IoT
[bookmark: _Toc49931675]5.x.1	Description
Shopping has always been an important part of our daily life and many giant shopping centres have been established all over the world. A shopping centre offers a wide range of services and products, including large supermarkets, a collection of retail stores, restaurants, banks, theatres, fitness and leisure facilities, underground parking areas, professional offices and other establishments. While enjoying various services in a giant shopping centre, customers sometimes find it troublesome to locate the target store or restaurant or find their own cars in the parking area due to lack of accurate indoor positioning and navigation system. 
Ambient-power enabled IoT can provide a promising solution for accurate indoor positioning. Ambient devices use energy harvested from ambient power, e.g., light, heat or radio waves etc... Therefore, such devices can work without any battery for extremely long time, e.g., > 20 years. Ambient device has other desired characteristics such as maintenance-free, extremely-low complexity, light weight, and small size. 
The technology of Ambient power-enabled IoT device (a.k.a Ambient IoT device) will provide positioning and navigation service to the customers in a shopping centre, and help them find the target shops and information much more efficiently, thus significantly improving customer satisfaction.
A shopping centre can occupy an area of tens to hundreds of thousands m2, and it can be composed of one or multiple buildings, each of which has multiple storeys both over and underground. In the underground parking area, there can be hundreds to thousands of parking spots.
In order to fulfil the requirement, an indoor positioning accuracy of around [3] meters is required. 
[bookmark: _Toc49931676]5.x.2	Pre-conditions
During weekends or holidays, Grace likes to go shopping. A big shopping centre near Grace’s home, with an area of 200 thousand m2, has opened recently. From the advertisement, Grace knows that the shopping centre has deployed a new indoor positioning and navigation system, which can help people quickly find the target places and items in the shopping centre.
Actually, with the help of an operator, an Ambient IoT system consisting of 50 thousand individual devices has been deployed across the entire shopping centre. Such devices are evenly distributed with 2-meter intervals in every room to help customers of the shopping centre realize locate target shops via indoor positioning. The position of each tag is measured and recorded in advance. 
Grace understands that without a navigation system, it would be time-consuming for her to do shopping in a new shopping centre. So, she would like to try the new positioning and navigation system. For that, Grace bought a mobile phone supporting Ambient IoT service and subscribed the indoor positioning services.  
[bookmark: _Toc49931677]5.x.3	Service Flows
1. Grace’s mobile phones is authorized by the mobile operators to perform the Ambient IoT service. And the phone is allowed to send signal to Ambient IoT devices. Grace downloads the shopping Navigation APP and registers to the navigation service.
2. One day, Grace drives her car to the new shopping Centre for the first time. When the car arrives at the entrance of the parking area, the navigation APP in her cell phone reminds her that the indoor positioning and navigation system will provide service for her. After authorization, the mobile phone performs Ambient IoT communication service and Ambient IoT positioning service using Ambient IoT device(s), in order to get the Ambient IoT device’s ID and relative position (i.e., relative distance and/or relative angle). Specifically, the system starts to work and Grace’s smart phone begins to send triggering signals (the triggering signals may be sent continuously or intermittently) to the Ambient IoT devices that have been attached on the nearby walls or poles aside the road to the underground parking.
[image: ]
Figure 1: Positioning in Parking area using ambient IoT
3. The device(s) near Grace’s car is/are activated by the triggering signals. Then, the Ambient IoT Device(s) responds to Grace’s mobile phone. The device ID is sent to the phone, followed by a signal. Using the signal, the mobile phone device derives the relative distance and/or relative angle to the Ambient IoT Device. Using the ID and the derived relative distance and/or relative angle, the position of the car can be derived by the APP and be shown in the indoor navigation APP. 
While the car moves forwards, other Ambient IoT Device(s) will sequentially respond to Grace’s mobile phone and the position can be continuously updated.
The APP navigates Grace to an empty parking spot using the navigation information and the real-time position of Grace’s car. Finally, Grace parked her car in the target parking spot. 
Note 1: At a moment, one or multiple Ambient IoT devices can be used for positioning. It will depend on further study in downstream groups.
Note 2: The Ambient IoT Device(s) only respond to the UEs who have subscribed the indoor positioning services and authorized by the mobile operators.
4. Grace gets off her car. Today, she wants to shop for groceries and a new skirt. After checking the APP, she easily finds that the supermarket and the fashion shop are in the 1st floor the 3rd floor respectively. The APP further plans the route to the supermarket. With the help of Ambient IoT devices attached all over the parking area and the smart phone, she easily finds the elevator. 
When steps out the elevator in the 1st floor, the ambient IoT Device attached on the door of the elevator is activated by Grace’s mobile phone and soon the mobile phone updates Grace’s location in the navigation APP. The navigation APP switches to the 1st floor and it indicates to Grace that the entrance of the supermarket is 20 meters to the right. 
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Figure 2: Positioning in Shopping centre using ambient IoT
5. The supermarket is very big, with an area of 20000 m2. With the help of Ambient IoT Devices, it only takes minutes for Grace to find the shelfs with the groceries that Grace wants to buy. In addition, when Grace walks near to the shelf and searches for the target items using the navigation APP, the Ambient IoT Device attached on the shelf will respond to the smart phone the specific location of the target items: putting at which part of the shelf and at which layer.
6. After buying all the needed items in the supermarket, with the help of Ambient IoT Devices, Grace also goes to the fashion shops and buy her preferred skirt. 
[bookmark: _Toc49931678]5.x.4	Post-conditions
Thanks to the indoor positioning service provided by 5G Ambient IoT system, Grace has a great shopping experience in the shopping center.
[bookmark: _Hlk103867294][bookmark: _Toc49931679]5.x.5	Existing features partly or fully covering the use case functionality
[bookmark: _Hlk103867319]Same as existing service requirements, both licensed and unlicensed spectrum are applicable to Ambient IoT device.
[bookmark: _Toc49931680]5.x.6	Potential New Requirements needed to support the use case of Positioning in shopping centre
5.x.6.1 Service requirements 
[bookmark: _Hlk103794437][bookmark: _Hlk103866910][PR.5.x-001] The 5G system shall support authorizing a UE to perform Ambient IoT communication services to an Ambient IoT device.
[PR.5.x-002] The 5G system shall support authorizing a UE to perform Ambient IoT positioning services to an Ambient IoT device.
[bookmark: _Hlk103808976][PR.5.x-003] Subject to user consent and operator’s policy, the 5G system shall be able to expose the Ambient IoT device’s ID and positioning result to a 3rd party. 
[PR. 5.x-004] The 5G system shall be able to support indoor relative positioning to Ambient IoT devices by a UE.
[PR. 5.x-005] The 5G system shall support an Ambient IoT device to authenticate a UE that triggers Ambient IoT positioning service is valid.
[PR. 5.x-006] The 5G system shall support a UE to authenticate that an Ambient IoT device is valid.

5.x.6.2 KPIs for the use of Ambient IoT services for Positioning and Navigation in shopping centre
[PR.5.x-007] The 5G system shall be able to provide Ambient IoT service with following KPIs:
Table 5.x.6.2-1 Ambient IoT service KPI 
	Scenario
	Ambient IoT communication service latency
	Ambient IoT service availability
	Max. instantaneous device power consumption
(NOTE 1)
	Payload
Size (UL)
(NOTE 2)
	User-experienced data rate
	Communication range

	Positioning in shopping centre
	[0.5] s
	99.9%
	[100] µW
	[96+x] bits

	[< 10 kbit/s]
	[10] m



Table 5.x.6.2-2 Ambient IoT positioning KPI 
	Scenario
	Ambient IoT Positioning service latency
	Positioning accuracy of relative angle
	Positioning accuracy of relative distance
	Velocity

	Positioning in shopping centre (Parking area)
	[0.5] s
	[±7.5] degree
	 [3] m, 90% availability
	10km/h

	Positioning in shopping centre (Shopping area)
	[0.5] s
	[±7.5] degree
	 [3] m, 90% availability
	3km/h




************* End of Changes ***************
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