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1	Introduction
At RAN#103, a the study item “Study on solutions for Ambient IoT (Internet of Things) in NR” (FS_Ambient_IoT_solutions) was updated.
The following objective(s) is/are relevant for the present agenda item:· 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.


The general scope includes:
A. 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:
i. ~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.
ii. ≤ 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.
The general scope also includes:
· 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. 
Regarding the traffic types, the following is part of the general scope:
E. 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.
TR 38.848 V18.0.0 (2023-09) Technical Specification Group Radio Access Network; Study on Ambient IoT (Internet of Things) in RAN (Release 18) describes different Ambient IoT topologies, out of which, SID focuses on Topology 1 and 2. 
· In Topology 1, the Ambient IoT device directly and bidirectionally communicates with a base station. The communication between the base station and the ambient IoT device includes Ambient IoT data and/or signalling. This topology includes the possibility that the BS transmitting to the Ambient IoT device is a different from the BS receiving from the Ambient IoT device. 
· In Topology 2, the Ambient IoT device communicates bidirectionally with an intermediate node between the device and base station. In this topology, the intermediate node can be a relay, IAB node, UE, repeater, etc. which is capable of Ambient IoT. The intermediate node transfers Ambient IoT data and/or signalling between BS and the Ambient IoT device.
2	Data transmission for AIoT devices
2.1	Protocol and capability aspects
For the design of the protocol architecture and channels to support communications with AIoT devices, technical discussion should start from what NR has designed since Rel-15. i.e., existing protocol structure and sublayers, to assess what can be reused and which enhancements are needed to support low complexity design target. For the discussion purpose, two topologies are defined in the SID whereof each can be discussed and considered separately.
For Topology 1’s communication, the AIoT device is directly communicating with the gNB where the AIoT device 1 and device 2a would be passive and perform uplink transmission by backscattering a received signal from the gNB. In the case of AIoT device 2b, it is expected that the uplink transmission may be generated internally by the device or be backscattered on a carrier wave provided externally by by an external node or the gNB. For all AIoT device types, backscattering or signal generation can occur at least in UL spectrum. 
Processing capabilities of an AIoT device are more limited than low-complexity devices, such as NB-IoT, eMTC or RedCap devices. As an example, when a network node sends data packets or control messages to a device, these can be segmented if the encoded message exceeds the maximum allowed PDCP PDU size. Furthermore, segmentation can also occur at RLC level based on the radio conditions. In this example, the processing of each segment sent to the AIoT device would have an associated power dissipation, e.g. cost. In addition, the AIoT device may have also limited overall processing capabilities, including how to handle the Layer 2 and its sublayer services and functions of data transmission and related control. 
Observation 1: The AIoT Device 1 and 2a performs backscattering transmission with limited processing capability of Layer 2 and sublayers.
Observation 2: The AIoT Device 2b may have internally generated uplink transmission.
Proposal 1: RAN2 to use the communication capability of Devices 1 and 2a as design baseline when studying AIoT device backscattering transmission.

2.2	Activity management
The AIoT devices harvest energy from natural sources like ambient RF / vibrations source and sun and so the amount of harvested and stored energy could vary over devices and time. Variable availability of stored energy will likely have an impact on the access procedures as well as on the data transmission. To efficiently control the network access procedures and data transmission, the network should be aware to know AIoT devices energy levels and other relevant transmission parameters of both static and dynamic nature (e.g., energy harvesting profile, energy availability intervals, data payload size, data transmission periodicity, AIoT device reachability, on-duration).
It is understood that different AIoT services will likely have diverse characteristics and even for a single AIoT service. Similarly, the AIoT server or AIoT application may require the AIoT device to feedback different types of responses (e.g., via different commands). Those responses may include different content or different data with varying bit size. To match the diverse application requirements as well as energy conditions of each AIoT device, it seems important for the network to determine the duration of AIoT transmission / reception procedures subject to the available / expected energy level at the AIoT device. Efficient control of AIoT device energy levels would be also important for the network resource and energy efficiency and to, among others, address delay / reachability constraints. 
Observation 3: The understanding of AIoT device energy levels and other transmission / reception parameters of both static and dynamic nature allows for efficient control of AIoT (backscattering) communications.
The AIoT devices are energy-constrained devices so apart from efficient and targeted activation, it is important to deactivate them as well when they are no longer required to operate. For instance, some devices may not be required to provide any information at night. 
If not deactivated, backscattering devices will always respond to R2D (reader to device) transmission by backscattering information on D2R (device to reader) link if not explicitly deactivated. The network can always send a deactivation command to the devices requiring them not to respond to any transmission on R2D link for the configured time and save their energy resources (e.g., by preventing channel monitoring). The deactivation would need to be studied as 3GPP is targeting use cases which require temporary deactivation and reactivation.
Proposal 2: RAN2 to consider procedures for activation / deactivation / reactivation of AIoT devices for both of data reception (e.g., dynamic configuration of AIoT device by network) and data delivery (e.g., delivery of AIoT payload to AIoT server). 

2.3	Resource allocation
Following the device activation, the AIoT device responses may include different contents or different data with corresponding bit size of the service. For example, one “read” command may request an AIoT device to report its serial number or identity, usage records, sensing data, etc., with variable amount of data to be stored at device and/or delivered to the network. 
Therefore, it seems important for the reader to send a sufficiently long activation signal and ensure proper resource allocation to provide a sufficient opportunity for (backscattering) AIoT devices to respond to different commands such as triggering the “read”, “store”, “data transfer” etc. Activation for AIoT data transmission would include at least the resource allocation where radio resources are acquired, activation signal transmission, and resulting AIoT backscattering transmission using the configured resource.
Observation 4: Network resource allocation must ensure sufficient duration of backscattering activation signals for difference AIoT commands / messages without also underflowing AIoT device energy levels.
Proposal 3: RAN2 to study allocation of time-frequency-energy resources that permit uninterrupted message delivery to / from a (backscattering) AIoT device. 

2.4	User plane aspects
The expected number of AIoT devices in the network is predicted in the SID to be significantly higher than generic UEs, e.g. deployment of tens or even hundreds of billion IoT devices for various application. As AIoT device penetration increases, the network could be facing a storm of small packets in the worst case. 
The application function (AF) controls a group of AIoT devices and issues commands via neighbouring readers, e.g. a read request to poll sensor readings or other device data. A reader can be either gNB or an intermediate (UE) node. Given a list of AIoT devices by the AF, the reader would perform the requested commands and then forward the responses back to the AF via the network. A reader may be agnostic to the contents of the AIoT device backscattered or transmitted information. 
The design target of maximum message size an AIoT device would transmit or receive is approximately 1000 bits, based on the maximum application layer packet size according to the SID. Considering a potential high deployment of AIoT devices and/or frequent query of these devices this could lead to a high number of D2R packets with small payload received by a reader. Small payloads increase network overhead are its processing is more intensive. 
Observation 5: Small data payloads from large number of AIoT devices decrease overhead and energy efficiency.
Since AIoT traffic is esteemed to be delay tolerant, it would be beneficial from the overhead and energy efficiency point of view if an AIoT reader could aggregate small payload messages received prior to forwarding them to the 5G core rather than forwarding them individually and in this way fragment the network operation and efficiency. 
The 5G core would then reverse this process by performing de-aggregation action. The criterion for aggregation could be provided by e.g. the AMF with assistance of the AIoT AF based on for example urgency of the required responses to queries or based on an established timer.
Proposal 4: An AIoT reader has the capability of aggregating AIoT device responses prior to forwarding them to the 5G core. 

3	Conclusion
This document has made the following observations:

Observation 1: The AIoT Device 1 and 2a performs backscattering transmission with limited processing capability of Layer 2 and sublayers.
Observation 2: The AIoT Device 2b may have internally generated uplink transmission.
Observation 3: The understanding of AIoT device energy levels and other transmission / reception parameters of both static and dynamic nature allows for efficient control of AIoT (backscattering) communications.
Observation 4: Network resource allocation must ensure sufficient duration of backscattering activation signals for difference AIoT commands / messages without also underflowing AIoT device energy levels.
Observation 5: Small data payloads from large number of AIoT devices decrease overhead and energy efficiency.

And following proposals:

Proposal 1: RAN2 to use the communication capability of Devices 1 and 2a as design baseline when studying AIoT device backscattering transmission.
Proposal 2: RAN2 to consider procedures for activation / deactivation / reactivation of AIoT devices for both of data reception (e.g., dynamic configuration of AIoT device by network) and data delivery (e.g., delivery of AIoT payload to AIoT server). 
Proposal 3: RAN2 to study allocation of time-frequency-energy resources that permit uninterrupted message delivery to / from a (backscattering) AIoT device. 
Proposal 4: An AIoT reader has the capability of aggregating AIoT device responses prior to forwarding them to the 5G core. 
