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Abstract: During the Ambient IoT study there has been a lot of discussion about harvesting and how selecting harvesting method limits the available power of the device. Here comes some observations related to this. 
1. Introduction
There are a lot of advantages with devices that can harvest their energy used for maintaining their task e.g. measure temperature, measure sound level etc. and also communicate this to a network. 
2. Reason for Change
Clarify in an annex that there are no simple relation between the amount of energy harvested in a device and the available power for communication.
3. Conclusions
<Conclusion part (optional)>
4. Proposal
It is proposed to agree the following changes to 3GPP TR 22.840-020.


* * * First Change * * * *
[bookmark: _Toc103935718][bookmark: _Toc113387792]Annex A (Informative):
Ambient IoT availability scenarios
The Ambient IoT devices foresee to have different kind of communication pattern that could be dependent on power available for communication e.g harvesting and the availability of storage capability or the specific use case. Following pattern are foreseen:
-	Normal operation: In this scenario, Ambient IoT devices have power available continuously or at least for significant 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 variations in power harvesting. The main effect of this scenario 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]-	Device triggered operation: In this scenario, devices have power available only intermittently. The main effect of this scenario is that the Ambient IoT device can only be active for the short periods of time. And it is the Ambient IoT device that decides when to communicate with the network. It is possible that the Ambient IoT device is not  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 operation: in this scenario 5G network will trigger the device to communicate in a relevant manner. This scenario only considers the network to trigger the communication and the Ambient IoT device cannot determine when to communicate. 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.
These scenarios are not intended as definitions for device categories. The purpose is to enable discussion of service aspects that are associated with different scenarios.
Editor’s Note: FFS to check and possibly find alternative terminology for triggering and activation

Annex B (Informative):
Considerations when choosing harvesting source
When using energy harvesting as the main source of energy for low power devices there are a lot of design parameters to understand.
The harvesting sources needs to match the total energy consumption of the Ambioent IoT device.
The available energy needs to balance the energy demand for the communication, the computation and other present elements like sensors.
Other factors that matters are if it is possible to harvest continously or only part of the time, e.g. if solar cells are used as harvesting method it is only possible to harvest during day time. 
Below there is a schematic picture of the different parts of the system for an Ambient IoT device. Not all parts are mandatory in an Ambient IoT device, for instance sensors and energy storage are not always present.
The power management will ensure that the correct voltage will be available for the sensor, communication and compute parts. 
Ambient IoT devices can be both with and without some kind of energy storage and there are many types of storage components, from capacitors, super capacitors to more battery types of storages.
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Figure B-1 Example of parts in an Ambient IOT device

The following example assumes that some storage capability is available in the device
Below shows two examples with same type of harvesting but with different length of the active time periods that the sensor/compute/communication system needs to be active. In the first example, the Ambient IoT device transmits in shorter bursts and with a higher power compared to second example. In the second example the time for the sensor/compute/communication is active longer. This would mean that, given everything else is equal, the available power for the active period in example two is lower.  E
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Figure B-2 Example where the active period for the device is relative short
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Figure B- 3 Example where the active period for the device is relative long

There is therefore not a simple formula to determine the available power for the sensor/compute/communication functionsfrom the characteristics of the energy harvesting method.

* * * Next Change * * * *
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