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RAN plenary level study item on Ambient IoT was approved in RAN plenary #97e meeting with the latest SID in [2]. 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. 
The main objectives of the SI include device categorization, identification of the suitable deployment scenarios and their characteristics for use cases/services agreed in the related SA1 SI [3], formulation of set of RAN design targets, and identification of required functionality to be supported.
During RAN plenary #98e meeting, progresses were made on TR skeleton, grouping of SA1 use cases, deployment scenario characteristics, potential connectivity topology, device categorization, etc. 
In this contribution, deployment scenarios are further be assessed to sort out the feasible options for various use cases of ambient IoT devices. For an efficient study later at the WG level, it is critical to identify a small number of representative deployment options for technical study. In addition, RAN design targets and functionalities to achieve these targets are identified. Overall, it is recommended that the RAN plenary level study targets later technical work at WG level with a very focused scope.

Discussion 
Ambient IoT Device Categorization
The ambient IoT device categorization is 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.
After discussions in last plenary, the following set of Ambient IoT devices are agreed to be considered in the SI [5]:
· 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 
Furthermore, the following working assumption is reached to categorize energy storage for ambient IoT devices:
· Storage 1: no storage at all
· Storage 2: Up to E1 joules
· Storage 3: Up to E2 joules
Note that characterization of energy sources other than RF signals is beyond 3GPP expertise and highly depends on implementation choices as well as environmental energy sources. 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 a long time is expected for detailed investigation. Furthermore, the energy storage capacity of the device is highly dependent on implementation. It does not really bring any additional benefit to study trying to have two levels of storage capacity.
Proposal 1. Only consider RF signals as the energy source for RAN Ambient IoT work.
Proposal 2. On energy storage, one category of no storage and another category with a range of capacity should be sufficient for RAN Ambient IoT work.

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 the outdoor environment. For the indoor environment, typically pico/small cell is used. In addition, it is technically very difficult (if feasible at all) to use macro basestations 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 feasibility study and fundamental technique study while risks spending a lot of time 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 3. 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
In relation to the ambient IoT network topology, the following options are recommended for discussions at this plenary meeting [5]:
· Topology (1):BS <-> Ambient IoT device
· NOTE 1: Includes the possibility of BS Rx and BS Tx in different BSs
· Topology (2): BS <-> intermediate node <-> Ambient IoT device
· NOTE 1: Intermediate node can be relay, IAB, UE, repeater, etc. which is capable of ambient IoT
· Topology (3): BS <-> assisting UE <-> Ambient IoT device <-> BS
· FFS: If the two BS can be different
· Topology (4):UE <-> Ambient IoT device
· FFS: Topology (5) UE <-> Ambient IoT device <-> {BS or UE}
Following the same argument as for Proposal 3, we propose to focus on Topology (1) for RAN work. 
Proposal 4. Focus on Topology (1), i.e., direct communication between base station and Ambient IoT device, for initial stage of RAN Ambient IoT work.

RAN Design Targets for Ambient IoT
A list of potential key performance requirements is presented in [3] for various use cases. These include maximum allowed end-to-end latency, communication service availability, reliability, user experienced data rate, message size, device density, communication range, service area dimension, device speed, transfer interval, and positioning service latency, availability and accuracy. These requirements are from service perspective and inter-dependent. For RAN design, a short list of targets that has directly radio network impacts is needed. A brief assessment is given below.
· Communication range: in view of the low power consumption characteristics of an Ambient IoT device, its transmission power must be very low. In addition, in the case of energy harvesting from RF signals, the distance between the power source node and the device needs to be short. Furthermore, the processing power at the device will also be very limited to ensure very low cost. All these contribute to potentially very short communication range. On the other hand, it is technically and commercially desirable to extend the range. Overall, from radio access perspective, the target communication range is likely the most fundamental (and yet sometimes tricky) parameter of the design. It also depends on other targets, for example data rate, latency, and reliability as secondary factors.
· Data rate, message size, and latency: these are a set of inter-related design parameters of device performance experience largely based on the requirements of feasible (and selective) use cases. Note that parameters such as transmission power level and device complexity are design inputs instead of targets.
· Positioning service latency, availability, and accuracy: positioning service-related requirements are for a subset of use cases, not necessarily rely on Ambient IoT technology, and likely put unnecessary burden and complexity to the design. Therefore, they are not at this stage fundamental for RAN design.
· Mobility related design targets:  for most of the use cases, the Ambient IoT device is either static or with low velocity, and no continuous service is required when moving across service/coverage areas of the network. Therefore, mobility (as currently understood) is not a basic design target. 
· Other design targets including device density, service area dimension, service availability can be heavily dependent on deployment choices, resource availability, etc. Therefore, they are at this stage not fundamental for RAN design. 
Based on the above analysis, we have the following proposal. 
Proposal 5. On defining RAN design targets of Ambient IoT, focus on communication range, data rate, message size, and latency.

Conclusions
We make the following proposals to focus the study in terms of device categorization, deployment scenario and topology, RAN design targets for Ambient IoT. 
[bookmark: _Ref129681832]Proposal 1. Only consider RF signal as energy source for RAN Ambient IoT work.
Proposal 2. On energy storage, one category of no storage and another category with a range of capacity should be sufficient for RAN Ambient IoT work.
Proposal 3. 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
Proposal 4. Focus on Topology (1), i.e., direct communication between base station and Ambient IoT device, for initial stage of RAN Ambient IoT work.
Proposal 5. On defining RAN design targets of Ambient IoT, focus on communication range, data rate, message size, and latency.
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