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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. 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.
Currently, there is on-going RAN study item on Ambient IoT (Internet of Things) in RAN [3], which focuses on 3GPP IoT technology, suitable for deployment in a 3GPP system, which relies on ultra-low complexity devices with ultra-low power consumption for the very-low end IoT applications. The study provides clear differentiation, i.e. addressing use cases and scenarios that cannot otherwise be fulfilled based on existing 3GPP LPWA IoT technology e.g. NB-IoT including reduced peak Tx power.

In terms of energy storage, the study will consider the following device characteristics:

· Pure battery less 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. 

Device categorization based on corresponding characteristics (e.g. energy source, energy storage capability, passive/active transmission, etc.) may be discussed during the study, in relation with the relevant use cases. 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.  
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. 

The RAN level study will compare and assess the feasibility of meeting the design targets for relevant use cases on the basis of the deployment scenario(s) appropriate to it and identify assumptions on required functionality to be supported.
In this contribution, we will give our views on Ambient IoT for positioning.
2 Positioning anchors using passive backscatters
The scenario considered herein is an indoor asset tracking problem using cellular base stations for the asset positioning estimation. Similar to GPS, the system must be scalable to localize many target devices and achieve centimeter level accuracy. In an asset tracking system, following tracking requirements may exist: machinery and devices in shop floors, bin tracking, product tracking and person tracking. The required positioning accuracy for mobile objects in a factory floor may be smaller than 1m according to 3GPP TS 22.261 specification. A typical indoor positioning system requires at least three base stations to perform a trilateration at the receiver node using methods like time of arrival, time difference of arrival, angle of arrival or received signal strength-based methods. However, for the indoor scenario it is costly to deploy multiple base stations and challenging to maintain LOS conditions and low interference. As solutions to this, large antenna arrays with multiple beams, map assisted localization and intelligence reflecting surfaces (IRS) have been proposed as single base station positioning methods. However, large antenna arrays and IRS dictate operation in the millimeter wave bands because of the requirement of multiple IRS elements to achieve directivity and to minimize the size of the array apertures. Map assisted localization requires a-priori mapping of the entire environment to get the help of multipaths which is labor intensive and any change in the environment will reduce the accuracy. Alternative, a backscatter communication system can be deployed instead of active transmission. An example of such a solution is depicted in Figure 1 with the asset as RF source to maximize link budget for cases where the asset is close to the tags. gNB or PRU as RF source may also be considered.  
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Figure 1 1 Localization solution using passive backscatters as positioning anchors (tags)
Proposal 1: Include passive and semi-passive backscatters as positioning anchors for the use cases in the Ambient IoT study [1].
3 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 or from the network side. Sidelink can be another mean to configure UEs in proximity of the ambient IoT device. Sidelink UEs with known locations could be used as anchors for Ambient IoT positioning as well. 

Determining the relative or absolute position of A-IoT device using NR elements (like gNB or UEs) is a challenging task for the following reasons:

1. The A-IoT device needs to accumulate sufficient charge to respond to an interrogation/activation signal send by an NR element. Since the NR NW does not know the current charge of an A-IoT device, it cannot effectively estimate how long time the device took to charge before responding, therefore the NW cannot tell, upon reception of the reply with a delay D, how much the propagation delays versus the charge delay (denoted as dc) contributed to the total delay D.

2. The A-IoT device can be stimulated to respond on different carrier frequencies. However, some carriers may be busier than others (i.e., occupied by either several concomitant opportunistic A-IoT discoveries or other NR traffic), therefore the A-IoT reply may be better received on some carriers than others. However, due to the opportunistic nature of the A-IoT discovery, the best carrier for localizing a given A-IoT device is not known in advance.  

3. In higher frequency ranges, the interrogator/activator NR element must additionally point the activation signal to the direction of the A-IoT device to ensure the device charges sufficiently to respond. However, the direction of the A-IoT relative to the activator is not known in advance, so the later element must choose a best direction blindly.
Proposal 2: RAN to include positioning/localization in the Ambient IoT study on use cases and requirements.

Proposal 3: RAN to include sidelink for activator/reading configuration in the Ambient IoT study on use cases and requirements.

4 Conclusion

The contribution suggests the following proposals:
Proposal 1: Include passive and semi-passive backscatters as positioning anchors for the use cases in the Ambient IoT study [1].
Proposal 2: RAN to include positioning/localization in the Ambient IoT study on use cases and requirements.

Proposal 3: RAN to include sidelink for activator/reading configuration in the Ambient IoT study on use cases and requirements.
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