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1	Introduction
In RAN #103, the study item on Ambient Internet of Things (IoT) solutions in NR was updated. The general scope of the study is defined as follows. 
The definitions provided in TR 38.848 are taken into this SI, and the following are the exclusive general scope: 
1. The overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable the following devices: 
1. ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally. 
2. ≤ a few hundred µW peak power consumption1, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally. 
· X  is to be decided in WGs. 
· Coverage design target: Maximum distance of 10-50 m with device indoors as per TR 38.848: “…a range that WGs can sub-select within”. 
· For Topologies 1 & 2 (UE as intermediate node under NW control) per TR 38.848, with no RRC states, no mobility (i.e. at least no cell selection/re-selection -like function), no HARQ, no ARQ.  
NOTE 1: It is to be understood that “≤ a few hundred µW” means WGs are not tasked with setting a particular value, and that it will be for WG discussions to determine if a presented design with corresponding power consumption satisfies the “≤ a few hundred µW” requirement. 
2. Deployment Scenarios with the following characteristics, referenced to the tables in Clause 4.2.2 of TR 38.848: 
· Deployment scenario 1 with Topology 1 
· Base station and coexistence characteristics: Micro-cell, co-site 
·   Deployment scenario 2 with Topology 2 and UE as intermediate node, under network control 
· Base station and coexistence characteristics: Macro-cell, co-site 
· The location of intermediate node is indoor. 
3.  FR1 licensed spectrum in FDD. 
4. Spectrum deployment in-band to NR, in guard-band to LTE/NR, in standalone band(s). 
5. Traffic types DO-DTT, DT, with focus on rUC1 (indoor inventory) and rUC4 (indoor command).  
· From RAN#104, the study will assess whether the harmonized air interface design (per bullet ‘A’ above) can address the DO-A (Device-originated autonomous) use case, only to identify which part(s) of the harmonized air interface design (per bullet ‘A’ above) is/are not sufficient for the DO-A use case. 
Transmission from Ambient IoT device (including backscattering when used) can occur at least in UL spectrum. 
The RAN2-led objectives of the study item are as follows: 
· RAN2-led: 
· Study and decide which functions are needed for an Ambient IoT compact protocol stack and lightweight signalling procedure to enable DO-DTT and DT data transmission, and study those functions. 
For example: 
· Paging
· Random access 
· Data transmission, including necessary radio resource control aspects, respecting the limitation in the General Scope  
· Interactions with upper layers 
For functionalities not listed above, they are studied only if found essential. 
In this contribution, we discuss the considerations on paging for Ambient IoT and make some observations and proposals regarding the operation of backscattering devices. 


2	Energy-Aware AIoT Communications
UEs in NR are using three different RRC states to enable a good trade-off between efficient data transmission, mobility and energy saving. The supported service types and tasks in each RRC state are defined based on the required processes and procedures. However, according to general scope of the AIoT study item [1], the AIoT devices are not expected to support RRC states and no mobility (i.e. at least no cell selection/re-selection -like function).
For AIoT devices, efficient utilization of harvested energy at the device is crucial. Since the device has little control over the supported tasks and services, the network tasks and control are in central role in efficient energy usage. The harvested amount of energy changes over the time, thus the device capability and operation mode also change over the time. Therefore, it is observed that in order to complete the configured data transmission, it is important to utilize the currently available energy of the AIoT devices such that AIoT, gNB and/or intermediate node perform functions that are sufficient for the current power state of the AIoT device. 
An efficient utilization of harvested energy can for example mean that the AIoT device is available for receiving configuration and/or command, or if energy level allows, more energy intensive functions, such as sending small data payload messages and associated signalling. 
In another aspect of AIoT data transmission, AIoT device needs to account for intermittently available energy, such that the scheduling algorithm operates along with energy the harvesting capabilities. The AIoT devices that harvest more energy and can make a good use of scheduling opportunity, could be operated with different scheduling compared to AIoT devices that harvest energy slowly and may not be able to complete data transmission because of lack of currently stored energy. 
Further, the harvested energy utilization varies over time as function of the difference between energy harvesting supply and energy demand driven by active wireless communications. The resulting energy balance should be used for scheduling and controlling transmissions to and from AIoT devices. For example, backscattering devices with sufficient energy supply should be scheduled with priority for transmission of their payload. Or AIoT devices which are used for sensing purposes, e.g. reporting a sensor reading, are generating mostly small amounts of uplink data. Such AIoT devices could be allowed to go into a sleep state that is respective to the current energy level and allowed to remain in low activity state regardless of the currently available energy, unless reactivated by the network.
Observation 1: The available energy level of a backscattering AIoT device determines the range of actions / functions which the device can support or engage in.
Proposal 1: RAN2 to consider energy-level dependency of the AIoT devices in data transmission management (e.g., scheduling).
In general, an AIoT device may experience failure during the random-access procedure due to their need to harvest energy between transmissions. In particular, AIoT devices may not harvest enough energy between two successive transmissions of access messages, or before the start and the completion of random-access procedures. Not having enough energy for completing the random-access procedure may result in unexpected behaviour and can cause radio link failures.  
In addition, AIoT devices (e.g., device 1 and device 2a) may not have the capability to send their D2R (device to reader) transmissions with constant transmission power which means that the maximum transmission power they could achieve at any given moment could vary. Backscattering the D2R signals with variable transmission power may negatively affect the access procedure for AIoT devices. For example, AIoT devices may not have sufficient power to backscatter access requests with successive increases in power. Failure to complete a successful access procedure not only impacts the network performance but also creates unnecessary interference and spectral efficiency as well as also may lead to excessive drain of stored energy.
Proposal 2: RAN2 to study how AIoT devices can successfully complete data transfer procedures under the constraint of device energy availability of both stored and to-be-harvested energy types. 
In the cellular network, AIoT devices will be distributed throughout the network area. Some AIoT devices will be far from the reader, while others will be closer. For AIoT devices (e.g., device 1 and device 2a) that are far away (e.g., at the cell edge in Topology 1), to backscatter a signal that can be successfully received and decoded by the reader, the AIoT device needs to be provided with a carrier wave that is transmitted at high power levels. 
Activating AIoT devices with high-power levels may create severe interference and may also cause excessive energy waste for near AIoT devices. For this reason, farther AIoT devices would have to harvest more energy to transmit a signal that is sufficient for the distant reader to successfully receive the AIoT backscattering.
Proposal 3: RAN2 to consider a measure of proximity (e.g., expressed as signal strength) between an AIoT device and the reader and / or CW node when studying AIoT data transfer procedures.
By definition, Device 2b is capable of storing energy harvested from Ambient sources. The device relies on the stored energy for uplink transmission, which is internally generated rather than backscattered as in the case of Device 1/2a. For example, when the device is paged, it may not be able to complete the paging response transmission operation if the stored energy is insufficient. Alternatively, the device may have enough energy to initiate the paging response but may deplete its stored energy before sending an acknowledgment (if necessary) for a DL data transfer. 
In this case, the gNB may not know the reason for not receiving a paging response from the device or whether data delivery to the device was successfully completed. Therefore, it would be useful for the gNB to be aware of the energy status of the device when a (paging) message is to be sent to the device so that it would initiate communication only when the device is likely to be able to successfully complete the procedure. This may be facilitated by the device either reporting its energy status to the network or indicating to the network when it expects to have sufficient energy to receive a paging indication and respond. On the other hand, the paging message can also include information to enable the device to prioritize response to a paging indication based on its stored energy.
Proposal 4: RAN2 to study procedures which take into account device energy level status for Device 2b.



3	Conclusion
This document has made the following observations:

Observation 1: The available energy level of a backscattering AIoT device determines the range of actions / functions which the device can support or engage in.

And proposed the following:

Proposal 1: RAN2 to consider energy-level dependency of the AIoT devices in data transmission management (e.g., scheduling).
Proposal 2: RAN2 to study how AIoT devices can successfully complete data transfer procedures under the constraint of device energy availability of both stored and to-be-harvested energy types. 
Proposal 3: RAN2 to consider a measure of proximity (e.g., expressed as signal strength) between an AIoT device and the reader and / or CW node when studying AIoT data transfer procedures.
Proposal 4: RAN2 to study procedures which take into account device energy level status for Device 2b.
