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Abstract: This document proposes a new use case of self-service library to be documented into TR 22.840.
************ Start of Change (all new text) ***************
5.X
Use Case on Ambient IoT for Self-service Library
5.X.1
Description

Sometimes people need to borrow books from the library for information, and it often takes a lot of time to find the books in the library. This is because sometimes the library management system shows that the book is still in the library, but the book is placed in the wrong place, which makes the user have to spend extra time to find the book. For library managers, it is usually difficult to find such problems without checking each book. At the expiry date, some users may have trouble finding the book they read weeks ago and have to pay extra fees to the library, which is also a loss for the library.
Ambient IoT devices are a promising solution for borrowing and returning books as well as searching for books. The Ambient IoT devices can work with limited energy storage capability or without any battery for an extremely long time, so the Ambient IoT devices are maintenance-free, lightweight, and small-size. Benefiting from the small size of Ambient IoT devices, they can be attached to the cover, title page, or other parts of the books.

Figure 5.X.1-1 Ambient IoT for Self-service Library
5.X.2
Pre-conditions

Mia intends to borrow a book from the self-service library. She subscribes to the self-service of the library on her mobile phone and her mobile phone also supports communication with Ambient IoT devices.

In the self-service library, each book is attached with an Ambient IoT device. The Ambient IoT devices can harvest energy from the environment through radio waves, vibration, light, etc.
The library has public or private 5G network coverage to provide services with support for a large number of Ambient IoT devices and the Ambient IoT devices can interact with the 5G system.
5.X.3
Service Flows

1. Mia goes to the library and opens the self-service application on her mobile phone to look for some books. After some searching, Mia finally finds the book she wants and its location.
2. Mia arrives at the location described in the application, but she cannot find the book. She taps the "Book Search" button in the application, and her mobile phone sends a service request to the application server with the help of 5G network.
3. The 5G network send the signal (continuously or intermittently) to activate the Ambient IoT device attached to the book.
4. The Ambient IoT device is activated and sends a response signal to the 5G network. The 5G networks can derive a rough position information and sends it to Mia’s mobile phone. 
5. Mia’s mobile phone receives the notification of finding the book and her mobile phone sends a request signal to the Ambient IoT to perform ranging between her mobile phone and the Ambient IoT device.
6. The activated Ambient IoT device receives the signal from the Mia’s mobile phone and will also response a signal to the Mia’s mobile phone with its Ambient IoT ID.
7. With the response signal from the Ambient IoT device, Mia's mobile phone can calculate the relative position of the book. Then, her mobile sends the derived relative position results to the 5G network. 
8. 5G network fuses the location information from the 5G network in step 4 with the relative position information in step 7, and can derive a more accurate position information to help Mia find the book she wants. With the help of the fused positioning results from 5G network,, Mia successfully finds the book she wants.
9. Mia then taps the button to borrow the book on the application. Her mobile phone sends corresponding parameters to the application server with the help of the 5G network. The application server receives the request and modifies the status of the book after verifying her identity. After that, the server sends a response message to Mia's mobile phone. Thus, Mia completes the book borrowing operation.
10. Three days before the expiry date, Mia receives a reminder on her mobile phone, but Mia doesn't remember where she left the book a few weeks ago. She opens the self-service library application and taps the "Book Search" button. With the help of the "Book Search" function, she finds the book again.
11. Mia takes the book to the library. Following the instruction in the application, she puts the book in the specified location and taps the “Book Return” button in the application. Her mobile phone sends the corresponding parameters to the application server with the help of 5G network. The application server verifies the corresponding parameters and modifies the book's status. After that, the server sends a response message to Mia's mobile phone. Thus, Mia completes the book returning operation.
5.X.4
Post-conditions

With the support of the 5G network, Mia can enjoy reading books and doesn’t worry about paying extra fees to the library.
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 of Self-service Library 

[PR.5.X.6.1-001] The 5G system shall be able to authorize a UE to perform Ambient IoT communication services with specific Ambient IoT devices.

[PR.5.X.6.1-002] The 5G system shall be able to discover and locate Ambient IoT device in a certain area.
[PR.5.X.6.1-003] The 5G system shall be able to authorize a UE to perform Ambient IoT ranging with specific Ambient IoT devices.
[PR. 5.X.6.1-004] The 5G system shall be able fuse the positioning results derived by the 5G network with the ranging results between UE and Ambient IoT device.






[PR.5.X.6.1-005] The 5G system shall be able to provide Ambient IoT service with the following KPIs:
Table 5.X.6.2-1 Ambient IoT service KPI for Self-service Library
	Scenario
	Max. allowed end-to-end latency
	Communication Service Availability
	User-experienced data rate
	MessageSize 

(NOTE 1)

	Communication Range
	Service area dimension

(NOTE 3)
	Device density
(NOTE 2)
	Positioning Accuracy


	Self-service library (indoor)
	[2] s
	99.9%
	 [< 1 kbit/s]
	[96] bits
	[30] m
	[20,000] m² 
	 [< 10,000 /km2]
	[3] m, 90% availability

	NOTE 1: The payload includes Ambient IoT device information, e.g., Ambient IoT device ID.
NOTE 2: The device density depends on the number of books in the library.
NOTE 3: For a relatively large-sized library, the typical size is about 20,000 m².


