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Ambient IoT RAN led Study Item Rel-18 was approved in RAN#97e [1]. The motivation of Ambient IoT study is to support ultra-low cost and ultra-low power devices for the IoT applications. The Ambient IoT devices support communication with reader via reflection or transmission which can be supported by very low complexity hardware.  Ambient IoT device can collect energy from environment, such as RF signals, solar energy, vibration, heat, etc., and can potentially also be equipped with a small capacity battery. Hence, Ambient IoT is a promising technique to achieve even lower cost/power requirements compared to existing cellular IoT technologies, e.g. NB-IoT, LTE-M, RedCap, etc. 
SA1 completed a study item on ambient power enabled IoT [2], which focuses on use cases and service requirements, and it includes the objective of defining performance requirements and KPIs as well.
The on-going RAN study item on Ambient IoT (Internet of Things) in RAN [3], focuses on 3GPP IoT technology relying on ultra-low complexity devices with ultra-low power consumption for the very-low end IoT applications. The purpose of the study is to provide clear differentiation of use cases and scenarios that cannot otherwise be fulfilled based on existing cellular IoT technologies such as NB-IoT, LTE-M, RedCap.
Device categorization based on corresponding characteristics (e.g. energy source, energy storage capability, passive/active transmission, etc.) are to be discussed during the study, in relation with the relevant use cases. Furthermore, the device’s peak power consumption shall be limited by its practical form factor for the intended use cases and shall consider its energy source.  
In the following we discuss about the characteristics of the Ambient IoT devices and the targeted spectrum.
2 Ambient IoT device characteristics
During the RAN#98 email discussion [4], it was highlighted the following Ambient IoT devices characteristics that can be used for defining Ambient IoT device types:
	At least the following characteristics have been widely identified for characterizing and categorizing Ambient IoT devices:
· Energy storage (with or without)
· Generation of RF signal for transmission (by backscattering or by active transmission)
· Device function (Tx only, Rx & Tx)


From these characteristics it was agreed that at least (a) energy storage and (b) generation of RF signal for transmission can be used in the Ambient IoT device categorization.
Regarding the Ambient IoT device energy storage, the following proposal was made:
	Proposal 5-2a-extended: Make a working assumption for this framework to categorize energy storage:
· Storage 1: no storage at all
· Storage 2: Up to E1 joules
· Storage 3: Up to E2 joules
FFS: In RAN#99 value(s) of E1, E2 and it is possible that E1=E2, in which case we have only two storage categories. Note in this case that storage 2 and 3 could be replaced by a single description such as ”limited energy storage”, instead.


Currently there is no justification to differentiate E1 from E2, therefore we suggest that the proposal is revised to only consider two categories “Storage 1: no storage at all” and “Storage 2: limited energy storage”. This is further supported by the further Proposal 5-3b-v2 in the RAN#98 email discussion [4].
Proposal 1: RAN to consider only the “Storage 1: no storage at all” and “Storage 2: limited energy storage” categories.
Regarding the Ambient IoT device types, the following proposal was made:
	Proposal 5-3b-v2: the following set of Ambient IoT devices are considered in the SI:
· Device A: No energy storage, no independent signal generation, i.e. backscattering transmission
· Device B: Has energy storage, no independent signal generation, i.e. backscattering transmission. Use of stored energy can include amplification for reflected signals
· Device C: Has energy storage, has independent signal generation, i.e. active RF component for transmission
FFS: Whether to include device function
FFS: Whether to include a target maximum power consumption for each device
FFS: Whether/how to describe what stored energy is used for (in addition to the statement for Device B)
FFS: if combination of these devices will be considered.


Regarding the set of Ambient IoT devices as listed in Proposal 5-3b-v2, although we agree with the definition of Device A, B and C, we note that we are excluding an additional Ambient IoT device type. 
Device A corresponds to a simple passive device without any storage capabilities that can typically only respond to an illumination/activation signal with a modulated response. 
Device B corresponds to a backscattering passive device with energy storage capabilities that while still being a passive device, it can harvest some energy from external source and store. The advantage can be a lowering of the tag activation threshold for increased activator-tag range and/or  stored energy can be used to receive some control signals from network or further computing. 
Proposal 2: RAN to confirm Device A and B definition as follows:
· Device A: Pure passive devices without any energy storage capabilities relying only on backscattering when enough external energy is available. 
· Device B: Semi passive devices with energy storage capabilities for e.g., lowering tag activation threshold and/or reflecting with lower power loss. 
Regarding Device C, for Ambient IoT devices with active components for transmission and with energy storage capabilities, we think it should be further divided into the following two sub-types:
· Device C1: Active devices which are triggered only by means like the backscatter technology and thus MT devices only and may allow for time shifted response transmission to avoid requirement or full duplex activator in monostatic config. 
· Device C2: Active devices will full capabilities to perform both network registration (uplink & downlink) and both MO and MT operations. 
Proposal 3: RAN to consider the extension of the Device C definition as follows:
· Device C1: Active devices which are triggered only by means like of the backscatter technology and thus MT devices only and may allow for time shifted response transmission to avoid requirement or full duplex activator in monostatic config. 
· Device C2: Active devices with full capabilities to perform both network registration (uplink & downlink) and both MO and MT operations.
3 Channel access and targeted spectrum
In the objectives study item on Ambient IoT (Internet of Things) in RAN [3], the following is highlighted:
	· TDD/FDD, and frequency bands in licensed or unlicensed spectrum



Regarding the TDD/FDD operation, we note that both the Ambient IoT devices and the UEs acting as illuminators and readers should be limited to duplex operation supported by exiting UE architectures (TDD or FDD) and exclude the need for full-duplex UEs.
Proposal 4: RAN to confirm that Ambient IoT devices and the UEs acting as illuminators and readers can operate in TDD or FDD.
Regarding the targeted spectrum, the frequency bands to be studied should not exclude any bands at this point in time and should include both licensed and un-licensed frequency bands. However, operation in unlicensed spectrum requires both Ambient IoT devices and UEs acting as illuminators to meet the channel access requirements. For example, the FR1 unlicensed bands in the 2.4, 5 and 6 GHz require that devices apply channel access schemes such as Listen Before Talk.
Proposal 5: RAN to discuss how Ambient IoT devices and which type of Ambient IoT devices need to support the channel access regulations associated with unlicensed spectrum. 
4 Conclusion
The contribution suggests the following proposals:
Proposal 1: RAN to consider only the “Storage 1: no storage at all” and “Storage 2: limited energy storage” categories.
Proposal 2: RAN to confirm Device A and B definition as follows:
· Device A: Pure passive devices without any energy storage capabilities relying only on backscattering when enough external energy is available. 
· Device B: Semi passive devices with energy storage capabilities for e.g., lowering tag activation threshold and/or reflecting with lower power loss. 
Proposal 3: RAN to consider the extension of the Device C definition as follows:
· Device C1: Active devices which are triggered only by means like the backscatter technology and thus MT devices only and may allow for time shifted response transmission to avoid requirement or full duplex activator in monostatic config. 
· Device C2: Active devices will full capabilities to perform both network registration (uplink & downlink) and both MO and MT operations.
Proposal 4: RAN to confirm that Ambient IoT devices and the UEs acting as illuminators and readers can operate in TDD or FDD.
Proposal 5: RAN to discuss how Ambient IoT devices and which type of Ambient IoT devices need to support the channel access regulations associated with unlicensed spectrum. 
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