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1. [bookmark: _Ref521334010]Introduction
In recent years, IoT has attracted much attention in the wireless communication world. More ‘things’ are expected to be interconnected for improving productivity efficiency and increasing comforts of life. Further reduction of size, complexity, and power consumption of IoT devices can enable the deployment of tens or even hundreds of billion IoT devices for various applications and provide added value across the entire value chain. It is impossible to power all the IoT devices by battery that needs to be replaced or recharged manually, which leads to high maintenance cost, serious environmental issues, and even safety hazards for some use cases (e.g., wireless sensor in electric power and petroleum industry). Since existing technologies cannot meet all the requirements of target use cases, a new IoT technology is recommended to open new markets within 3GPP systems, whose number of connections and/or device density can be orders of magnitude higher than existing 3GPP IoT technologies. The new IoT technology shall provide complexity and power consumption orders of magnitude lower than the existing 3GPP LPWA technologies (e.g. NB-IoT and eMTC) and shall address use cases and scenarios that cannot otherwise be fulfilled based on existing 3GPP LPWA IoT technologies. The new IoT technology is termed as Ambient IoT. The Ambient IoT is suitable for deployment in a 3GPP system, relies on ultra-low complexity devices with ultra-low power consumption for the very-low end IoT applications. 
[bookmark: _Hlk158867771]The detailed study on the design targets for relevant uses cases and different deployment scenarios for Ambient IoT 3GPP technology was conducted by 3GPP RAN during Rel.18. The result of the detailed study is captured in the technical report [1]. In the RAN#102 meeting, RAN WG level study on Ambient IoT was agreed and the SID on Study on solutions for Ambient IoT (Internet of Things) was approved [2]. In this document, the various aspects related to the information messages that need to be exchanged between Ambient IoT reader and CWN depending on the functionalities supported by the Ambient IoT devices are discussed. Further, the document describes the aspects related to the deployment scenario of the CWN.

2. Discussion
The Ambient IoT device can be categorized into three categories based on their capabilities. The three categories are following below:
Category 1: Backscattering device
The category 1 Ambient IoT device is capable of only backscattering the carrier wave and it is not capable of receiving any control signal from the Ambient IoT reader.
[bookmark: _Hlk158825513]Category 2: Backscattering Device with Control Unit
The category 2 Ambient IoT device can receive control signal from the Ambient IoT reader and backscatter the modulated carrier wave.
Category 3: Ambient IoT device capable of signal generation and transmission
The category 3 Ambient IoT device has active RF components, and the capability of generating and transmitting the signal. Further details on the above categories are provided in the companion contribution [3].
[bookmark: _Hlk158871323]2.1 Information exchange between the Ambient IoT reader and the Carrier wave Node 
The Ambient IoT devices mainly work on the principle of backscatter communication. The backscattering unit at the Ambient IoT device modulates the carrier wave according to the information bits stored in its memory and reflect back the modulated wave to the Ambient IoT reader. Communication via back scattering instead of active radiation reduces the RF frontend of the Ambient IoT device which minimizes the manufacturing cost as well as energy demands. 
The carrier wave is transmitted by an external node, a.k.a. carrier wave node (CWN), near to the Ambient IoT device. In the case of Ambient IoT reader transmitting the carrier, the pathloss encountered by the backscattered wave is twice the distance between Ambient IoT reader and the Ambient IoT device which significantly reduces the coverage. Further, transmission of carrier wave and reception of backscattered signal happen simultaneously at the Ambient IoT reader, demanding full duplex operation. Also, the transmitted carrier wave interferes with the reception of backscattered signal, a.k.a. self-interference, and impacts the performance of the system. The advantage of using external CWN is reduction in pathloss and increase in coverage as the node generating carrier wave is near to the Ambient IoT device. Further, it reduces interference at the Ambient IoT reader as the Ambient IoT reader is only received from the Ambient IoT device.
The Ambient IoT device will backscatter the information stored only if it receives carrier waves and harvest enough energy from the received carrier waves. Therefore, the primary mechanism by which the Ambient IoT reader can control backscattering from Ambient IoT device is through the CWN. The CWN should be under the control of the Ambient IoT reader, so that the transmission of carrier wave and backscattering from the Ambient IoT device are based on Ambient IoT reader’s requirement. Further, the transmission of carrier wave and backscattering should create minimum impact to the NR communication, which should be ensured by controlling the transmission of carrier wave by CWN. Therefore, information exchange needed between the Ambient IoT reader and the CWN needs to be studied along with signaling mechanism. The signaling exchange depends on the functionalities supported by the Ambient IoT devices. The study should focus on the messages that need to be exchanged between the Ambient IoT reader and the CWN, the behavior of CWN for various messages, etc. The signaling exchange framework in Rel. 18 network controlled repeater can be the base line for this study. 
Observation 1: The Ambient IoT reader should control the operation of CWN so that,
a) The backscattering from Ambient IoT device is under the control of Ambient IoT reader.
b) Impact of operating Ambient IoT device on NR communication is minimum.
[bookmark: _Hlk158880247]Observation 2: The signaling exchange between Ambient IoT reader and CWN depends on the functionalities supported by the Ambient IoT devices
Proposal 1: Study the following aspects of signaling exchange for carrier wave node with Rel. 18 NCR as baseline 
a)	Control signals needed between the Ambient IoT reader and the CWN 
b)	Configuration and Signaling mechanism for the control signals
c)	CWN behavior for control signals

Further, it is essential to investigate the deployment scenario, including determining the optimal distance between the CWN and the Ambient IoT device, as well as assessing the maximum number of Ambient IoT devices a single CWN can effectively connect to.

Proposal 2: Support to study following aspects related to CWN,
a)	Optimal distance between the CWN and the Ambient IoT device,
b)	Maximum number of connected Ambient IoT devices per CWN.
3. Conclusion
In this document, different signaling options related to the messages that need to be exchanged between Ambient IoT reader and CWN depends on the functionalities supported by the Ambient IoT devices are discussed and the following proposals are made: 
Observation 1: The Ambient IoT reader should control the operation of CWN so that,
a) The backscattering from Ambient IoT device is under the control of Ambient IoT reader.
b) Impact of operating Ambient IoT device on NR communication is minimum.
Observation 2: The signaling exchange between Ambient IoT reader and CWN depends on the functionalities supported by the Ambient IoT devices
Proposal 1: Study the following aspects of signaling exchange for carrier wave node with Rel. 18 NCR as baseline 
a)	Control signals needed between the Ambient IoT reader and the CWN 
b)	Configuration and Signaling mechanism for the control signals
c)	CWN behavior for control signals
Proposal 2: Support to study following aspects related to CWN,
a)	Optimal distance between the CWN and the Ambient IoT device,
b)	Maximum number of connected Ambient IoT devices per CWN.

4. Reference
[1]. [bookmark: _Hlk159215053]TR 38.848, V18.0.0, Study on Ambient IoT (Internet of Things) in RAN.
[2]. RP-234058, SID, Study on solutions for Ambient IoT (Internet of Things), Moderator (Huawei).
[3]. R1-2401275, Discussion on Ambient IoT device architectures, CEWiT.
