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Abstract: This document proposes a Smart City use case for Ambient IoT Communication  
1. Introduction
Introducing Smart City use case for Ambient IoT devices 
2. Reason for Change
Adding Smart City use case with service requirements for Ambient IoT devices 
3. Conclusions
4. Proposal
It is proposed to agree the following changes to 3GPP TR 22.840, V0.0.0


* * * First Change * * * *
[bookmark: _Toc66350859]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]	Rasara Hewa Lunuwilage, “Study of Pole-top Fire Development in Power Distribution Networks”, PhD thesis, RMIT University, 2013 (Study of pole-top fire development in power distribution networks - CORE Reader)
[x2]	https://cbsaustin.com/news/local/pollen-dirt-and-drought-causing-power-poles-to-catch-on-fire


* * * End of First Change * * * *

* * * Second Change (All new Text) * * * *
5.y	Communication with Ambient IoT Devices for Smart Cities
[bookmark: _Toc355779204][bookmark: _Toc354586742][bookmark: _Toc354590101]5.y.1	Description
Some cities experience power outages and lose millions of dollars annually to pole, wild or brush fires. Most of these fires are caused by accumulated debris mixed with moisture resulting in high leakage current, tilting of poles resulting in the arching of these power lines or falling poles which ignite brushes and dry vegetation [x1, x2]. 
To address this issue, the use of temperature sensors, as well as accelerometers for continuous monitoring of the electricity pole tilt and detection of fallen poles would allow quick detection of fires or even predict the potential of impinging pole, wild or brush fires before occurrence. The communication unit (e.g., UE) enables transmission of the sensor readings periodically or on-demand (in case of emergency) to the network or via the network to a server.  
Powering the sensors and the UE with commonly used energy sources (e.g., generators running on diesel) also require significant human intervention and are not eco-friendly. Therefore, the use of ambient energy sources (such as solar energy) is attractive because little to no human contact is not required, and they tend to cheaper than the non-ambient energy power sources.

[bookmark: _Toc355779205][bookmark: _Toc354586743][bookmark: _Toc354590102]5.y.2	Pre-conditions
The city of  Salmego which is a tropical city which has been experiencing many pole, wild and brush fires, therefore, they decided to invest in sensor devices which are attached electricity poles to monitor temperatures, titling of the poles and detect fallen poles. These Ambient IoT devices are battery-powered using harvested solar energy. This is depicted in Figure 5.y.2-1.
Additionally, the Ambient IoT devices are capable of 5G communications, including direct communication with other devices, communication with 5G system via a base station, or communication with server via the 5G system, etc.
The 5G communication range is around 200-500m and power consumption of tens of mW.  
 [image: ]
[bookmark: _Toc355779206][bookmark: _Toc354586744][bookmark: _Toc354590103]Figure 5.y.2-1: 5G System Assisted Communication with Ambient IoT Devices 
5.y.3	Service Flows
1) 5G system assisted Intermittent Communication with Ambient IoT Devices 
Even though Salmengo is a tropical city, during the raining season, it experiences week-long gloomy weather with little to no sunshine. During these periods, the batteries on the electricity poles are not charged fully for days. During one such periods, the power level went below a pre-defined threshold configured by 5G system and based on the configuration and policies from the 5G system,  the UE on Pole A sends a message to the network notifying the network that it is going out of coverage for a certain duration (or until it is fully charged). This message was sent along with the latest sensor readings.
 In a few hours, there was enough sunlight to charge the battery to a level where the UE could communicate with the network briefly. The UE sends a communication message with the latest readings from the temperature sensor and accelerometer. Also, based on the history of the battery power levels, the UE in Pole A also informs the network it would like to enter the intermittent communication mode.  In this mode, the network supports intermittent connection with the UE (which implies connection for short duration of time and no connection for longer duration). 
The network provides proper configurations and/or enable mechanisms for the UE to support reliable communication during the intermittent communication mode. Network also facilitates low power reliable communication between ambient IoT devices and network. The communication between the network and Ambient IoT UE is shown in Figure 5.y.3-1. 
In the case that the application is supported outside of the network, the network would also notify the application about the intermittent connection so that the application may adjust appropriately. In the intermittent mode, the UE on Pole A would be able to communicate with the network with low power level using the configurations provided by the network.
Once the sunny days return and the battery is fully charged, the UE in Pole A would then notify the network about exiting the intermittent communication mode since it has more steady power. The network would then revert to typical communication with this UE. 
In case a pole failing (fall) is detected by sensors, the UE immediately wakes up and notifies the network of the fall incident with its current location.[image: ]

Figure 5.y.3-1: 5G Assisted Ambient IoT Device Intermittent Communication 
2)  5G System Assisted Communication with Ambient IoT devices 
Again, there was intermittent sunlight and the battery power level on UE on Pole A  partially charged and could support sensing operations and minimal communication with UEs on surrounding electric poles (e.g., on Pole B) which are closer distance to Pole A than the base station. There were also light showers of rain so the mixture of debris and moisture on the pole led to high leakage current, consequently resulting in a pole fire, the temperature sensor which was still operational obtained a reading that detected extreme temperatures on pole A. Also, the fire burnt the wooden pole and the accelerometer captured a reading indicating significant increase in the pole’s tilt angle.  
Based on the configuration and policies provided by the network for the communication modes to be used under limited power condition and emergency scenario, Pole A sent an emergency notification message with the sensor reading and its location to Pole B (the location was determined during earlier communication with the network).  Pole B received this information and then relayed it to the network as shown in Figure 5.y.3-2. 
The network forwards the sensor readings to application which notified the fire department of the emergency and the location.  
[image: ]


Figure 5.y.3-2: 5GS Assisted Communication with Ambient IoT Devices using indirect Communication
[bookmark: _Toc355779207][bookmark: _Toc354586745][bookmark: _Toc354590104]5.y.4	Post-conditions
Whether in or out coverage of the base station, the network is able to forward sensor readings and location information for a UE on an electricity pole to the application before or during emergency to ensure that the appropriate action is taken to advert outages, fires or help resolve the issues quickly. 
[bookmark: _Toc355779209][bookmark: _Toc354586747][bookmark: _Toc354590106]5.y.5	Existing features partly or fully covering the use case functionality
FFS

5.y.6	Potential New Requirements needed to support the use case

[bookmark: _Hlk103072090][PR 5.y.6-1] The 5G system shall be able to support Ambient-powered IoT devices  operating on limited energy storage capability battery-poweredand intermittent harvested energy (e.g., solar power).

[PR 5.y.6-2] The 5G system shall be able to support both direct or indirect network connectivity for Ambient-powered IoT devices operating on limited energy storage capability and intermittent harvested energy (e.g., solar power).
 
[PR 5.y.6-32] The 5G system shall be able to support mechanisms to monitor the status and configure and control operation of Ambient-powered IoT devices operating on limited energy storage capability and intermittent harvested energy (e.g., solar power)IoT devices with intermittent power source, e.g., UE policies and criteria for using appropriate NW connectivity (direct/indirect connection), QoS, UE reporting (of certain power conditions or events).

[PR 5.y.6-43] The 5G system shall be able to provide the status, control and configuration of Ambient-powered IoT devices operating on limited energy storage capability and intermittent harvested energy (e.g., solar power) expose to an authorized 3rd-party configuration and control information of IoT devices using intermittent power source.



* * * End of Second Change * * * *
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