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Abstract: This document proposes a new use case of Environmental Monitoring of Museum Exhibits to be documented into TR 22.840.

************ Start of Change (all new text) ***************
5.X
Use Case on Ambient IoT for Environmental Monitoring of Museum Exhibits

5.X.1
Description

There is a large variety of exhibits preserved in the museum, each of which has unique historical and artistic value. But these exhibits, such as oil paintings and bronzes, typically have certain requirements for environmental parameters such as temperature, humidity, and light intensity. If the exhibits are not properly preserved, additional damage may be caused to the exhibits. The oil paintings, for example, generally need to be kept in an environment with a temperature of 65-70 degrees Fahrenheit, a humidity of 45%-55%, and light intensity within 200 Lux. Excessive temperature and humidity as well as dramatic changes in temperature and humidity will cause the stretch or shrink of the painting, and excessive light intensity will cause fading of the painting.
In museums, it is common to place only a few temperature, humidity, and light intensity sensors in a room to monitor environmental parameters in the entire room instead of in each exhibit case. When an abnormal situation only affects a small part of the room, it may be challenging for sensors in the room to detect it, such as the irregular illumination with only one lamp, or the leakage in a small part. Considering that each exhibit is priceless to the museum, it is necessary to monitor the environmental parameters of each exhibit case.
Ambient IoT devices are a promising solution for the environmental monitoring of museum exhibits. An exhibition hall in the museum can be thousands of square meters in size and has thousands of exhibits. 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. In the museum, the Ambient IoT devices can be placed in the exhibit cases with the exhibits to monitor the temperature, humidity, and light intensity parameters.
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Figure 5.X.1-1 Ambient IoT for Environmental Monitoring of Museum Exhibits

5.X.2
Pre-conditions

An exhibit hall in a museum covering several thousand square meters may contain several thousand exhibits. One or more exhibits can be placed in one exhibit case. The Ambient IoT devices can be placed in the exhibit cases with the exhibits to monitor the environmental parameters, such as temperature, humidity, light intensity, etc.

The Ambient IoT devices can harvest energy from the environment through radio waves, vibration, light, or other ways to realize the power supply of sensors, such as temperature sensors, humidity sensors, light intensity sensors, etc.

The library has public or private 5G network coverage to provide services with support for a large number of Ambient IoT devices. The Ambient IoT devices can interact with the 5G network and can send the environmental parameters collected by the sensors to the monitoring platform via the 5G network.

The Ambient IoT devices in different exhibit cases can be set with different safety ranges of corresponding sensor parameters. Once the parameters are not within the safe range, the Ambient IoT devices can send alarm information immediately to the monitoring platform through the 5G network.

5.X.3
Service Flows

1. The monitoring platform starts the environmental monitoring service of the exhibits and initiates a request for monitoring service with the help of the 5G network.

2. 5G network sends the signals to activate the Ambient IoT devices.

3. The Ambient IoT devices placed with the exhibits receive the activation signals from the 5G network and start to collect data from the sensors, such as temperature sensors, humidity sensors, light intensity sensors, etc.

4. Once the Ambient IoT devices are activated, they can send the environmental monitoring parameters every 5 minutes. The size of a single packet for the temperature, humidity, and light intensity parameters is 96 bits, and the data generation rate of each sensor is less than 100bit/s.

5. The 5G network sends environmental monitoring parameters to the monitoring platform, which can provide a real-time view of the environmental parameters of each Ambient IoT device.

6. If the parameters collected by the Ambient IoT device sensor are not within the safety range, the Ambient IoT device will send an alarm signal to the 5G network immediately. The 5G network will send an alarm message to the monitoring platform to alert the staff to check the situation and protect the exhibit. 

7. If the safety range of some Ambient IoT devices needs to be modified, the monitoring platform sends the modification request with the modified safety range and corresponding Ambient IoT devices ID to the 5G network, and the 5G network sends the parameters to corresponding Ambient IoT devices to modify the safety range.

5.X.4
Post-conditions

Thanks to the environmental monitoring service provided by the 5G network, the temperature, humidity, and light intensity parameters of each exhibit can be monitored, which can protect these exhibits in a timely and effective way.
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 environmental monitoring of museum exhibits 

[PR.5.X.6.1-001] The 5G system shall support suitable mechanisms to authenticate and authorize Ambient IoT devices.


[PR.5.X.6.1-002] The 5G system shall be able to support suitable security mechanisms for Ambient IoT devices, including encryption and data integrity.
[PR. 5.X.6.1-003] The 5G system shall support a mechanism to interface a 3rd party application to manage and operate on the Ambient IoT devices.

[PR.5.X.6.1-004] 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 museum guide
	Scenario
	Ambient IoT communication service latency

	Ambient IoT service availability

	Payload

Size (UL)


	User-experienced data rate
(NOTE 2)
	communication range
	Device density

(NOTE 1)
	Service area dimension

(NOTE 2)



	Environmental monitoring of museum exhibits (indoor)
	[2] s
	99.9%
	[96] bits


	[< 100 bit/s]
	[30] m
	 [< 10,000 /km2]
	[20,000] m²

	NOTE 1: The device density depends on the number of exhibits, and there may be tens of thousands of exhibits in different exhibit cases in a museum.
NOTE 2: The size of a single packet for the environmental parameters is 96 bits and is updated every 5 minutes, the generation rate is less than 100 bit/s.
NOTE 3: For a relatively large-sized museum, the typical size is about 20,000 m².


