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Proposal
[bookmark: _Hlk513714389]It is proposed to add the following reference and use case description in TR 22.840.
All the texts in the second change are new.
************* Start of Changes ***************
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************* Next Change ***************
5.x	Use Ambient IoT service for personal belongings finding
[bookmark: _Toc49931675]5.x.1	Description
For a smart home application scenario, discovery of personal item becomes one of the most important applications. A lot of personal items are in home, such as keys, passports, bank cards, wallets, children’s toys, clothes etc. It is quite usual that people may forget where their items are so that they have to waste time to find them. The technology of Ambient power-enabled IoT device (a.k.a Ambient IoT device) will help to find people’s items at home much more efficiently.
Most of personal items which are easily to be lost are with a small size. For example, a key has a length of several centi-meters. A passport will have a size of 8.8*12.5 centi-meters. And typically, these things will be put in a storage box or a drawer. However, Ambient IoT devices can be easily attached to those small items.
Ambient-power enabled IoT can provide a promising way for house asset management. Ambient device uses energy harvested from heat or radio waves. Therefore, the device can work without a conventional battery and can work for a long-time duration, e.g. > 20 years. 
However, the harvested energy would be very limited. For example, only tens of micro-Walt power can be harvested if the energy is harvested from radio waves. Hence, it will put constraint on the maximum power consumption for Ambient device. The device shall work with ultra-low power consumption, e.g., less than 100uw. 
For smart home application, the typical required communication distance would be less than 10 meters. 
For home assert management application scenario, usually the device ID needs to be transmitted for discovery of personal item and the size of typical ID would be [96] bits[x1] . Within a house of around 100m2, 100~500 devices need to be deployed to manage most of the important items. A data rate of 10kbps is expected.
Usually, it needs to determine the position of the Ambient IoT device for home assert management application scenario. A positioning accuracy of around 1 meter is required.
[bookmark: _Toc49931676]Sometimes in daily life, Mickey cannot remember where he put his wallet, or his favourite pair of shoes. He may become crazy if he is in a hurry to go out. 
With Ambient power-enabled IoT (Ambient IoT) service provided by 5GS, Mickey can attach Ambient IoT Devices to his wallet and shoes. Then he can easily find them using his mobile phone which supports Ambient IoT service. The Ambient IoT Device is solely dependent on harvested ambient energy, being maintenance-free, of extremely-low complexity, weight, and size. 
5.x.2	Pre-conditions
Sometimes in daily life, Mickey cannot remember where he put his wallet, or his favourite pair of shoes. He may become crazy if he is in a hurry to go out. 
With Ambient power-enabled IoT (Ambient IoT) service provided by 5GS, Mickey can attach Ambient IoT Devices to his wallet and shoes. Then he can easily find them using his mobile phone which supports Ambient IoT service. The Ambient IoT Device is solely dependent on harvested ambient energy, being maintenance-free, of extremely-low complexity, weight, and size. 
Mickey bought a mobile phone supporting Ambient IoT service. He also obtains multiple Ambient IoT Devices for personal belongings finding.
Bob is a neighbour to Mickey and Bob also has some Ambient IoT devices attached to his belongings.
Both licensed and unlicensed spectrum are applicable to Ambient IoT service.

[bookmark: _Toc49931677]5.x.3	Service Flows
1. Mickey’s and his roommate Minnie’s mobile phones may be authorized by their mobile operators to perform the Ambient IoT service. Both of their cell phones can send signal to Ambient IoT devices.
2. Mickey attaches one Ambient IoT Device to his wallet, registers “Mickey’s wallet” to the application server (e.g. Mickey’s mobile phone obtains Ambient IoT device information including the device ID and transfer the information to the application server). 
3. When Mickey wants to find his wallet, he opens the application in his mobile phone to search his wallet.
4. Mickey’s mobile phone performs searching operation (e.g. generates the RF power to activate the Ambient IoT device attached to his wallet, sends downlink control signaling to it).
The Ambient IoT Device attached to his wallet responds to the mobile phone thus it can be easily identified the wallet is nearby. Then, Mickey’s mobile phone performs positioning service to acquire the position of the wallet and it displays the position of the wallet (e.g. relative position of the mobile phone).
Meanwhile the Bob’s Ambient IoT device also receives the request but it does not respond to Mickey’s cell phone.
5. The other day, Mickey goes out to the bank. When he arrives at the bank, he cannot find his wallet. He would like to check whether his wallet is left at home. Mickey opens the application in his mobile phone and authorizes Minnie’s mobile phone to perform the searching operation. The application server requests Minnie’s mobile phone to search the Ambient_IoT device attached to Mickey’s wallet. Minnie’s mobile phone performs the searching operation to the Ambient_IoT device and can determine it is at home when receiving from the Ambient IoT device attached to Mickey’s wallet. In addition, Minnie’s mobile phone can further determine the relative position of it using positioning service. Minnie’s mobile phone sends the position information of the Ambient IoT device to the application server. Consequently, Mickey see his wallet is at home through the application in his mobile phone.
Mickey’s mobile phone, Minnie’s mobile phone and the Ambient IoT Device to Mickey’s wallet may belong to one Personal IoT Networks as described in TS 22.261 [8] clause 6.38.
6. Mickey left his wallet at a bus stop. He can find his wallet with the help of the base station near the bus stop. In order to implement this, the application server requests from the 5G system about the position of the Ambient IoT device attached to Mickey’s wallet. Upon receiving the request, the 5G system performs the searching operation and the positioning service to search the Ambient IoT device, identify its position in the bus stop and send the position information to the application server. 

[bookmark: _Toc49931678]5.x.4	Post-conditions
Thanks to the Ambient IoT service provided by the 5G system, Mickey can find his wallet as soon as possible, both for indoor and outdoor cases.
The information of Bob’s Ambient IoT device will not be exposed.

[bookmark: _Hlk103867294][bookmark: _Toc49931679]5.x.5	Existing features partly or fully covering the use case functionality
[bookmark: _Hlk103867319][bookmark: _Toc49931680]None.

5.x.6	Potential New Requirements needed to support the use case
5.x.6.1 Service requirements for use of Ambient IoT services for personal belongings positioning
[bookmark: _Hlk103808976][PR.5.x.6.1-001] The 5G system shall support to authorize a UE to obtain device information of an Ambient IoT device and communicate with corresponding application server.
[P.R.5.x.6.1-002] The 5G system shall be able to collect information from a specific Ambient IoT device.
[bookmark: _Hlk112787394][P.R.5.x.6.1-003] The 5G system shall be able to Upon request from the 3rd party, the 5G system shall provide mechanisms for an operator to collect and expose provide information of a specific Ambient IoT device requested byto the trusted 3rd party.
NOTE: The request from 3rd party can include the requested Ambient IoT device identity, the requested service area to find the Ambient IoT device, the requested information of an Ambient IoT device includes position information.
[PR 5.x.6.1-0043] The 5G system shall be able to supportprovide the indoor and outdoor positioning forto Ambient IoT devices.
[bookmark: _Hlk112787624][PR. 5.x.6.1-0054] The 5G system shall be able to support an Ambient IoT device to validateauthenticate  a UE which communicates with the device.
[bookmark: _Hlk112787594][PR. 5.x.6.1-0065] The 5G system shall support a UE to authenticate validatethat an Ambient IoT device is valid.

5.x.6.2 KPIs for the use of Ambient IoT services for personal belongings positioning
[PR.5.x.6.2-001] The 5G system shall be able to provide Ambient IoT service with following KPIs:
Table 5.x.6.2-1 Ambient IoT service KPI for personal belongings finding
	Scenario
	Ambient IoT communication service latency
	Ambient IoT service availability
	Max. instantaneous device power consumption
(NOTE 1)
	Payload
Size (UL)
(NOTE 2)
	Service bit rate: user-experienced data rate
	communication range
	positioning accuracy

	Personal belongings finding 
(indoor)
	[2] s
	99.9%
	[100-200] µW
	[96] bits

	[< 10 kbit/s]
	[10] m
	 [1-3] m, 90% availability

	Personal belongings finding
(outdoor)
	[2] s
	99.9%
	[100-200] µW
	[96] bits

	[< 10 kbit/s]
	[100] m
	[5-10] m, 90% availability

	NOTE 1:	The “Max. instantaneous device power consumption” is for Ambient IoT device work power consumption, including receiving, transmitting and etc.
NOTE 2: The payload includes Ambient IoT device information, e.g. Ambient IoT device ID [x1].
Editor’s Note: It is FFS whether “Max. instantaneous device power consumption” is included or not, which depends on SA1’s final decision.



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