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Abstract: This contribution presents Ambient IoT study on use cases and requirements. 
1 Introduction

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. 

Currently, there is on-going study item in SA1 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. However, given that Ambient IoT likely requires a new air-interface design, it is unclear how SA1 can accurately determine the performance requirements and KPIs (power consumption, data rate, coverage/sensitivity, etc.) without the common understanding on the deployment scenarios and technical feasibility. Therefore, corresponding study in RAN on the deployments (macro/micro/pico cells, connectivity to gNBs with/without IAB and UE relay), radio related design targets, e.g., power, cost, data rate, coverage, and potential RAN solutions, etc., is necessary to reach better understanding on the technical feasibility. RAN study can also facilitate the SA1 study to focus on the use cases with more technical feasibility. 

The Ambient IoT devices support communication with reader via reflection or transmission which can be supported by very low complexity hardware. The 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. 

2 Initial discussion on device categorization

Ambient IoT devices can vary from very simple passive device without any energy storage capabilities to fully active devices with energy storage capabilities performing both MO and MT operations. 
We can categorize devices as follows:

1. Passive devices: Devices using backscattering

2. Active devices: Devices using active components for transmission

Both of above can be with battery and without battery.

The simple passive device without any storage capabilities can typically only respond to an illumination/activation signal with a modulated response; in this contribution, we refer to it as a “passive device”. A backscattering passive device with energy storage capabilities is still a passive device but it can harvest some energy from external source source and store. The advantage can be that backscattering forward link does not spent any energy on circuit activation and full energy can be used for backscattering or stored energy can be used to receive some control signals from network. 

These passive devices can be further sub-divided into two sub-classes
a. Pure passive devices without any energy storage capabilities relying only on backscattering when enough external energy is available. 
b. Semi passive devices with energy storage capabilities for e.g., lowering tag activation threshold and/or reflecting with lower power loss. 
The other category is devices with active components for transmission and with energy storage capabilities. These devices can also be sub-divided into two sub-classes: 

a. Active devices which are triggered only by means like the backscatter technology and thus MT devices only. 
b. Active devices will full capabilities to perform both network registration (uplink & downlink) and both MO and MT operations. 
The different ambient IoT device categories are shown in figure 1 below. 
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 Figure 1: Examples of device categorization

Beyond the ambient IoT devices, we need to identify enhancements for UEs to act as illuminators and readers. These types of UEs should be limited to duplex operation supported by exiting UE architectures (TDD or FDD) and exclude the need for full-duplex UEs. 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.

Proposal 1: RAN to study A-IoT device categories and consider UEs for illumination and/or reading.

3 Multi-static Ambient IoT architecture
Radio frequency ID (RFID) systems have emerged as a key technology for a variety of enterprise and consumer use cases such as highway toll collection, livestock tagging, warehouse asset management, and retail theft deterrence. RFID tag devices communicate via backscatter radio whereby a transmitter illuminates the tag with an RF signal, the tag modulates the incoming RF signal, and the reflected signal arrives at a receiver. Because an RFID tag can operate without an active radio or local power source, its’ cost can be extremely low (e.g., on the order of 10 cents) compared to cellular IoT devices. As shown in Figure 2 (left), conventional RFID systems typically use a monostatic architecture, where the transmitter and receiver are co-located in a single unit known as a reader. Typically, the range between tag and reader is limited to a few meters.
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Figure 2: (Left) Conventional RFID and (right) proposed 3GPP Ambient IoT architecture.

To overcome the challenge of short range between tag and reader, a 3GPP based cellular systems should consider a class of ambient IoT devices as shown in Figure 2 (right), operating under a multi-static architecture where the transmitter and receiver are decoupled, and both can be either network nodes or devices. 

Such setup may be organized by a network node like the gNB, or by a designated device. Therein, the ambient IoT device reflects signals received from a 3GPP node (i.e., mobile devices or base station), and the reflected signal is received by another 3GPP node. Similar to RFID, the proposed ambient IoT device modulates the incoming signal with information which is conveyed to the receiver node via backscatter reflection. At a minimum, this information would contain the ID of the ambient IoT device but can also include sensory information from attached sensors. The candidate receiver node would detect the reflected signal and extract the ID, thereby registering the presence of the ambient IoT device. It would also demodulate any optional sensory information. Furthermore, depending on how much tag information is made available in advance of the start of the detection session, the receiving node may additionally infer/learn the energy level of the ambient IoT device. The above information may be exploited to optimize the future reading sessions e.g.:

· how often to and who triggers the session, 
· what spectral resources to use for the future sessions (e.g. Uu, or SL resources, the optimum bandwidth, etc.),

· how to exploit spatial information to increase the link budget between the activator and the ambient IoT device, etc.
In addition to backscatter communication, the proposed system could also support the localization of the  ambient IoT device using RF measurements of the reflected tag signals. 
This multi-static architecture, when coupled with the higher antenna gains and higher transmit powers, significantly extends the backscatter range compared to RFID systems. The detection range may be further extended by allowing the various devices/nodes in the architecture to take different roles e.g. receivers may become transmitters and vice-versa.
The introduction of backscatter technology in 3GPP thus has the potential to further expand the applicability of mobile cellular networks to IoT to a different set of use cases, a journey that started with use of GSM (for M2M) through LTE-M, then NB-IoT, and 5G NR RedCap.
Proposal 2: RAN to include multi-static IoT architecture in the Ambient IoT study on use cases and requirements.
4 Ambient IoT Positioning

Ambient IoT in 3GPP should enable ultra-low cost and ultra-low power ambient IoT devices. The density of such ambient IoT device deployment can be expected to be many orders of magnitudes higher compared to any known 3GPP deployment. Thus, a key element for such deployment is the localization of ambient IoT devices. It is not only required to know the identity of the ambient IoT device and to communicate with the device, but equally important is knowledge of the position of the ambient IoT device.  
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Figure 3: Ambient IoT positioning for 3GPP

Figure 3 shows an example of an Ambient IoT deployment based on multi-static backscattering with positioning capabilities. The positioning of ambient IoT devices can be based on the existing 3GPP positioning architecture, using a 3GPP node to trigger the event and one or more 3GPP nodes to listen to a given reference signal e.g. another gNB or Positioning Reference Unit (PRU).. The positioning session can be controlled and monitored by the location management function (LMF). A positioning session can be enabled by a UE in the network of from the network side. Sidelink can be another mean to configure UEs in proximity of the ambient IoT device. Scenarios with known locations could be used as anchors for Ambient IoT cases as well. 
Proposal 3: RAN to include positioning/localization in the Ambient IoT study on use cases and requirements.
Proposal 4: RAN to include sidelink for activator/reading configuration in the Ambient IoT study on use cases and requirements.
5 Conclusion

The contribution suggests the following proposals:
Proposal 1: RAN to study A-IoT device categories and consider UEs for illumination and/or reading.

Proposal 2: RAN to include multi-static IoT architecture in the Ambient IoT study on use cases and requirements

Proposal 3: RAN to include positioning/localization in the Ambient IoT study on use cases and requirements

Proposal 4: RAN to include sidelink for activator/reading configuration in the Ambient IoT study on use cases and requirements
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