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Abstract: This use case proposes a new use case on Ambient IoT in wild animal park.
5.X
Use case on Ambient IoT in wild animal park
5.X.1
Description

In the wild animal park, the animals can roam free resembling a real wild environment. Wild animals, such as tigers and lions, are natural hunters and enjoy climbing, running, and staying active in wide spaces. The wild animal park can not only provide the wild animals with liberty but also protect the endangered wild animal from habitat destruction. 
To protect animals, especially endangered animals, in the park, vital signs and position monitoring are essential. By monitoring the vital signs (e.g., body temperature) and positions of the animal, once the animal has an abnormally high body temperature, the monitoring system will notify the animal keeper. Abnormal body temperature may be the first sign of many diseases. With the location information, the animal keepers can quickly find the animal and take quick actions before disease progression.
A typical wild animal park may have hundreds of species and cover an area of more than one square kilometer, so monitoring every animal in the wide wild animal park is usually costly. Ambient IoT devices can provide a cost-effective solution for monitoring the wild animals in the park. Ambient IoT devices can work with limited energy storage capability or without any battery for an extremely long time, making the Ambient IoT devices maintenance-free, lightweight, and small-size. 
The small size and lightweight Ambient IoT devices can be attached to the animals to monitor their position and vital signs. With the help of 5G network, the data from the Ambient IoT devices can be uploaded to an application server at a specific time interval, helping the animal keepers to manage the animals. 
However, as wild animal parks are usually located away from urban areas, there may be areas that are not in 5G coverage. When out of 5G network coverage, the licensed spectrum cannot be used, the unlicensed spectrum is an alternative. Most IoT devices currently operate on unlicensed spectrum bands, such as 900 MHz, 2.4 GHz, and 5.8 GHz, and Wi-Fi is one of the technologies operating in the unlicensed spectrum. By using licensed and unlicensed spectrum, all animals in the wildlife park can be monitored.
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Figure 5.X.1-1: Ambient IoT in Swan Lake
5.X.2
Pre-conditions

Wild animal park Green Sun is using Ambient IoT devices to monitor the position and vital signs of the animals. A small size and lightweight Ambient IoT tag is attached to each animal, which can upload the measurement data to the application server with specific time intervals when in 5G network coverage. The animal keepers can check the status of the animals using the application Green World.
The Green Sun covers an area of one square kilometer, and some areas in the Green Sun may be out of 5G coverage, such as some parts of Swan Lake. The swan keeper Emma cannot find the statuses and positions of all the swans in Swan Lake using Green World. 
Her cell phone supports communication and positioning operations with the Ambient IoT devices. For the swans in the area out of 5G coverage, she can use her cell phone to get the position and vital signs of the swans using unlicensed spectrum as an alternative. She goes to Swan Lake several times a day and collects the status and positions of the swans. When Emma arrives at somewhere out of 5G coverage, Emma can use the offline mode of Green World and perform positioning operations with the Ambient IoT tags in the unlicensed spectrum. The measurement data can be stored on Emma’s cell phone temporarily and will be uploaded to the application server once in 5G network coverage.
For vital signs such as body temperature, a safety range is set in Green World. If the measurement result of vital signs is out of the safety range, Green World will send a notification to animal keepers’ cell phones. The animal keeper will take quick action based on the location information.
5.X.3
Service Flows

1. The server of Green World initiates the periodic status and position update process and sends an update request to the Ambient IoT tags attached to the swans in Swan Lake using licensed spectrum.
2. The Ambient IoT tags attached to swans in 5G coverage receive the update request, and start measuring the vital signs and performing positioning operations with the help of 5G network. After measuring the vital signs, the tags send the measurement data with the Ambient IoT tag ID to the server of Green World.
3.  The server of Green World receives the measurement result of vital signs from the Ambient IoT tags and the positioning results from the 5G network. The status and positions of the swans are updated in Green World. However, the body temperature of one swan in Swan Lake is out of safety range, the server sends a notification to Emma’s cell phone.
4. Emma immediately checks the abnormal body temperature and position of the swan using Green World on her cell phone and rushes to the location of the ill swan as shown in Green World. 
5. Emma arrives at the location as described in the Green World, but the ill swan moves to somewhere out of 5G coverage. She uses the offline mode of Green World on her mobile phone, and her mobile phone starts sending signals to discover the ill swan.

6. As Emma moves, the tag attached to the ill swan receives the signal and responds to Emma’s cell phone. Emma’s cell phone can perform positioning operations with the tag using unlicensed spectrum to get the latest position of the swan.
7. The position of the ill swan appears on Emma’s cell phone. With the help of the communication and positioning operation in unlicensed spectrum, Emma successfully finds the ill swan. She takes the swan to the animal clinic and also modifies the status of the ill swan.
8. When Emma goes somewhere in 5G network coverage, her cell phone will upload the status of the swan to the Green World server.
5.X.4
Post-conditions

With the help of the monitoring system in Green World, Emma can take the ill swan to the clinic immediately before the disease progression.
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
[PR 5.X.6-1] The 5G system shall support exposing the measurement data and positioning results of Ambient IoT devices to a trusted 3rd party.
[PR 5.X.6-2]The 5G system shall be able to support communication and positioning operations for Ambient IoT device using licensed spectrum under the operator’s control.
[PR 5.X.6-3] The 5G system shall be able to support communication and positioning operations between UE and Ambient IoT device using unlicensed spectrum without 5G coverage.
