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A new RAN plenary level study item [1] is approved in RAN plenary #97e meeting. The study targets at a new 3GPP IoT technology which relies on ultra-low complexity devices with ultra-low power consumption for the very-low end IoT applications. For this plenary meeting, the discussion will be limited to the following items:
- TR skeleton and work plan
- Initial discussion on “suitable deployment scenarios and their characteristics” (note this can be based on a subset of the agreed use cases in SA1).
- Initial discussion on device categorization
In the draft TR of the related SA1 SI [2], many exemplary use cases are included. In the RAN SI, deployment scenarios need to be studied to sort out the feasible options for various use cases of ambient IoT devices. In addition, for an efficient study later at WG level, it is critical to identify a small number of representative deployment options for technical study.
A related issue is the categorization of ambient IoT devices [3]. With differences in energy sources, energy storage capability, etc., feasible deployment options can vary. Therefore, it is also critical to identify a small number of representative ambient IoT devices for RAN study. 
In this contribution, we provide an analysis of the deployment scenarios and device categorization for ambient IoT and propose to focus on a small set of combinations for future technical work.

Discussion 

Ambient IoT Device Categorization
As stated in the SID, in terms of energy storage, the study will consider the following device characteristics:
•	Pure batteryless devices with no energy storage capability at all, and completely dependent on the availability of an external source of energy
•	Devices with limited energy storage capability that do not need to be replaced or recharged manually. 
Therefore, the ambient IoT device categorization should be based on corresponding characteristics including energy source, energy storage capability, passive/active transmission, etc. Also related is that the device’s peak power consumption and transmission power will be limited by its practical form factor and its energy source.
The following table provide a list of combination and initial assessments:

	Categorization
	Energy Harvesting Source
	Energy Storage
	Transmission Type
	Assessment

	1
	RF signal
	No
	Passive
	Feasible with very low cost and complexity and very low transmission power and hence short range. Significant amount of standards impact.

	2
	RF signal
	No
	Active
	Not feasible to have active transmission without energy storage.

	3
	RF signal
	Yes
	Passive
	Feasible with low cost and complexity. Potential higher transmission power and longer range than w/o energy storage.

	4
	RF signal
	Yes
	Active
	May be feasible for some use case(s) where low power consumption active transmission is needed

	5
	Other sources
	No
	Passive
	Considering the availability of the energy harvesting source, it may not be feasible at least for some use cases without energy storage

	6
	Other sources
	No
	Active
	

	7
	Other sources
	Yes
	Passive
	Feasible for both passive and active transmission. With sufficient energy storage capacity, close to normal communication may be possible. Note that characteristics of the energy harvesting of sources other than RF signal is out of 3GPP expertise

	8
	Other sources
	Yes
	Active
	



Note that characterization of energy sources other than RF signal is beyond 3GPP expertise and highly depends on implementation choices as well as environments. Furthermore, their availability is not under the control of 3GPP network and hence can only be considered as an input to the network. Though ambient IoT devices using these energy sources are feasible for some use cases, large effort and long time is expected for detailed investigation.
Overall, we propose to focus the study on categories 1, 3 and 4. The study outcomes can apply to other device categories wherever feasible.
Proposal 1. For RAN study on ambient IoT, focus on the following 3 device types:
· Device using RF signal as energy harvesting source, without energy storage capability, and performing passive transmission
· Device using RF signal as energy harvesting source, with energy storage capability, and performing passive transmission
· Device using RF signal as energy harvesting source, with energy storage capability, and performing active transmission

Ambient IoT Deployment Scenarios
As stated in the SID, identification of suitable deployment scenarios will consider the following aspects:
· Indoor/outdoor environment
· Basestation characteristics, e.g. macro/micro/pico cells-based deployments
· Connectivity topologies, including which node(s) , e.g. basestation, UE, relay, repeater, etc. can communicate with target devices
· TDD/FDD, and frequency bands in licensed or unlicensed spectrum
· Coexistence with UEs and infrastructure in frequency bands for existing 3GPP technologies
· Device originated and/or device terminated traffic assumption
It is obvious that studying ambient IoT for the combinations of all these options is of very high workload and unnecessary. Among these aspects, a few of them add very little additional value for study purpose. More specifically:
· Not all combinations of indoor/outdoor environment and basestation characteristics (macro/micro/pico) are needed for study purpose. Macro and micro only apply to outdoor environment. For indoor environment, typically pico/small cell is used. In addition, it is technically very difficult (if feasible at all) to use macro basestation with large ISD for these types of IoT devices.
· About TDD versus FDD spectrum, each has its technical challenges for ambient IoT deployment. For example, FDD spectrum requires the ambient device be able to perform backscattering transmission with different UL/DL frequency. On the other hand, backscattering transmission in TDD spectrum requires the basestation to receive uplink signal while transmitting in the downlink. Therefore, both TDD and FDD spectrum for ambient IoT should be studied.
· Though unlicensed spectrum for ambient IoT has its additional aspects, those are secondary and can be addressed later. In addition, the transmission power of the unlicensed spectrum is quite limited which could further reduce the range of ambient IoT. Note that deployment in unlicensed spectrum can still be a feasible choice for certain scenarios and use cases.
· The aspects related to using UE via sidelink, relay/IAB, or repeater does not provide additional insight in terms of feasible study and fundamental technique study while risks spending a lot of time and distracting the group from the basics at this stage.  Focusing on basestation only is a much better approach.
Combining the above considerations, it is proposed as following to focus on only three deployment scenarios.
Proposal 2. For RAN study on ambient IoT, focus on the following 3 deployment scenarios:
· Outdoor micro with TDD licensed spectrum
· Indoor pico with TDD licensed spectrum
· Outdoor macro (of relatively small ISD) with FDD licensed spectrum

Conclusions
We make the following proposals to focus the study on 3 device types and 3 deployment scenarios. Further reducing the number of combinations of the device type and scenarios may be considered with more investigations. 
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