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Abstract: This contribution proposes clarification of different power scenarios for Ambient IoT. When and how power is available to an Ambient IoT device has a significant impact on service aspects of Ambient IoT. That is why it is relevant to categorize different scenarios. It is proposed to capture the different scenarios in an Annex to TR22.840.
1. Introduction
Ambient IoT devices can be powered using different methods of power harvesting, e.g. RF power, vibrations/movement, light, heat. It has been agreed that “Specifics of how the device performs energy harvesting are not in the scope of the study”. Nevertheless, the resulting ‘power availability scenarios’ of when the Ambient IoT device has power available have an important impact on service aspects.
Three main power availability scenarios can be distinguished:
-	Continuous power
-	Intermittent power
-	On demand power triggered
These different scenarios are described below.
NOTE: These scenarios are not intended as definitions for device categories. The purpose is to enable discussion of service aspects that are associated with different power availability scenarios.
Continuous Power
In the continuous power scenario, devices have power available continuously or at least for signicant amounts of time (e.g. during daytime when powered by sunlight). The continuous availability of power can be because there is continuous power harvesting (e.g. light / heat / movement), possibly in combination with (limited) energy storage (e.g. in a capacitor) to overcome momentary time gapsvariations in power harvesting.
The main effect of continuous power is that the processor and communications module in the Ambient IoT device can be continuously active (although in low power mode). The processor can perform tasks like maintaining timers, or log sensor measurements. The communications module can listen to network at regular intervals to determine if there is mobile terminated traffic (e.g. trigger messages) and can transmit data when relevant. Note that for a Ambient IoT device, power optimization for receiving (e.g. DRX and PSM) and sending data (e.g. lower power) should go beyond what is common for NB-IoT and LTE-M.
An exampe continuous power scenario is shown in figure 1
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Figure 1: continuous power scenario (example)
As there is continuous availability of power, the communication of the Ambient IoT device does not depend on the power availability. The Ambient IoT device can communicate when needed, e.g. when there is sensor data or a status change to report, and can listen to the network on a regular basis (e.g. based on timers running in the processor). That the Ambient IoT device can listen to mobile terminated traffic is relevant for e.g. triggering and/or provisioning. Note that the network may need to be aware that the Ambient IoT device is only listening to the network on regular intervals.
Intermittent Power
[bookmark: _Hlk111211997]In the intermittent power scenario, devices have power available only intermittently (e.g. a vibration sensor on a bridge that harvests the vibration energy of a passing vehicle).
The main effect of intermittent power is that the Ambient IoT device (including processor and communications module) can only be active for the short periods of time when power is available. E.g. the Ambient IoT device may not be able to listen to the network for mobile terminated traffic for very long periods of time. This has an impact on service aspects such as provisioning. 
An exampe intermittent power scenario is shown in figure 2.
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Figure 2: intermittent power scenario (example)
When there is no power available, the Ambient IoT device is not active. Assumption is that there is even no processor running that e.g. can maintain timers. The communication module is inactive and cannot transmit, nor receive data. Only when power becomes available, the processor and communication module are activated. The processor can e.g. log measurements or determine a status. When relevant (e.g. there is new data available, or a status has changed), the device can decide to transmit data to the network. When there is still power available after transmission of data, the device can also listen to the network for mobile terminated data. The assumption in this particular exampe is that transmission is prioritized over reception of mobile terminated data. Note that the network will have no information on when the device will be able to receive mobile terminated data. It may be a very long time (e.g. months / years) before the processor and communication module in an Ambient IoT device are activated in the intermittend power scenario.
On demand power triggered
The on demand power triggered scenario is a special version of the intermittent power scenario. Similarly to the intermittent power scenario, in the on demand power triggered scenario the device only has power available intermittently. The difference is that in the on demand power triggered scenario, there is a service user / application owner (e.g. the factory owner) that can determine when to provide power and activate the device or devices.
A typical power source for on demand power triggered is an RF power source that can be switched on/off, but also other power sources can be controlled (e.g. light / sound). From a service point of view, the type of power is not relevant, but it may be a relevant service aspect that a service user / application owner can control when power is provided.
An exampe on demand power triggered scenario is shown in figure 3.
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Figure 3: on demand power triggered scenario (example)
In this example a very basic device is considered e.g. in a logistics tracking/tracing use case. The device is completely inactive when there is no power provided. The service user (e.g. the factory owner) can decide when it wants to activate the devices. E.g. in a wharehouse, this may be done once every night to keep inventory. 
When power is provided the communications module is activated and, in this example, the device transmits an identifier to indicates its presence. Note that also more elaborated device actions are possible.
In this very simple example, the device does not listen to the network for mobile terminated data. This will have a service impact on e.g. provisioning and other life cycle actions (e.g. terminating the Ambient IoT device).

2. Reason for Change
Power scenarios have an important impact on service aspects of Ambient IoT. Therefore it is important to identify and agree on a classification of the different power scenarios.
4. Proposal
It is proposed to agree the following changes to 3GPP TR 22.840. An alternative is to include the full text (including the figures in the annex).


* * * First Change * * * *
[bookmark: _Toc103935718]Annex A (Informative):
Ambient IoT power availability scenarios
Power availability scenarios for Ambient IoT device, i.e. when the Ambient IoT device has power available, have an important impact on service aspects of Ambient IoT. The following power scenarios can be distinguished:
-	Continuous power: In the continuous power scenario, Ambient IoT devices have power available continuously or at least for signicant amounts of time, either because there is continuous power harvesting or possibly in combination with (limited) energy storage (e.g. in a capacitor) to overcome momentary time gapsvariations in power harvesting. The main effect of continuous power is that the processor and communications module in the Ambient IoT device can be continuously active. The communications module can listen to network at regular intervals to determine if there is mobile terminated traffic (e.g. trigger messages) and can transmit data when relevant.
[bookmark: _Hlk112680588]-	Intermittent power: In the intermittent power scenario, devices have power available only intermittently. The main effect of intermittent power is that the Ambient IoT device can only be active for the short periods of time when power is available. It is possible that Tthe Ambient IoT device may is not be able to listen to the network for mobile terminated traffic for very long periods of time. This has an impact on service aspects such as provisioning.
-	On demand power triggeredactivated: The on demand power triggered activated scenario is a special version of the intermittent power scenario. Similarly to the intermittent power scenario, in the on demand power triggered scenario the device only has power available intermittently. The difference is that in the on demand power triggered activated scenario, there is a service user / application owner that can determine when to provide power and activate the device or devices. Activation of the Ambient IoT device can imply a trigger to perform a specific action (e.g. do measurement) or to communicate (e.g. send an identifier). Activation can also imply to start listening to the network for a trigger message.
NOTE1: 	These power availability scenarios are not intended as definitions for device categories. The purpose is to enable discussion of service aspects that are associated with different power availability scenarios.
[bookmark: _Hlk112720227]NOTE2:	Note that Ambient IoT devices are assumed. This implies that next to the power availability scenarios also general characteristics of Ambient IoT apply, e.g. low complexity, small size, and lower capability than existing 3GPP IoT devices.
NOTE3:	“Power availability” refers to “Communication power availability”
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