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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][bookmark: _Hlk158883141]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 different frame structures supported by different categories of Ambient IoT devices and timing relations between various operations supported by the Ambient IoT devices.

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. The details for the above categories are provided in the companion contribution [3].
[bookmark: _Hlk158871323]2.1 Frame structure and timing aspects
The Ambient IoT device, not capable of receiving control, receives carrier waves from CWN and harvest energy using received carrier waves. Once enough energy is harvested, the Ambient IoT device activates the backscattering unit, modulates the carrier wave according to the information stored and backscatters the modulated wave. The Ambient IoT device performs the energy harvesting operation till the accumulated energy crosses the threshold value, which can be predefined for the Ambient IoT device type. The time taken by the Ambient IoT device to charge to the threshold value depends on capability of Ambient IoT device type. The backscattered signal carries the information about Ambient IoT device ID, output of a sensor connected to the Ambient IoT device or any emergency indication. Fig. 1 illustrates the frame structure for the operations supported by category 1 Ambient IoT device. The duration of each information bit in the backscattered signal, the total duration of the backscattered signal, how the reader and A-IoT device determine these timings, how the backscattering signal from different Ambient IoT devices is aligned, etc. needs further study. 
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Description automatically generated]
                   Fig. 1 Frame structures for the category 1 Ambient IoT device 

Observation 1: The Frame structure for the category 1 Ambient IoT device consists of Energy harvesting followed by Backscattering.  
Observation 2: The threshold value of energy needed to activate backscattering circuitry and time needed to energy harvest to threshold depends on capability of device type.
Proposal 1: Study the following timing aspects,
a) Total duration of the backscattered signal
b) Duration of each information bit in the backscattered signal
c) Timing alignment for backscattering across Ambient IoT devices

[bookmark: _Hlk158882998]In the case of Ambient IoT device capable of receiving control, there can be two scenarios based on the continuous and the discontinuous reception of the carrier waves by the Ambient IoT device. In the first one, the Ambient IoT device receives the carrier wave continuously and harvests energy. Once enough energy is harvested, the Ambient IoT device monitor for the trigger signal, which can be external trigger from the Ambient IoT reader as control signal or an internal event. Therefore, when Ambient IoT reader needs information from the Ambient IoT device, then Ambient IoT reader transmits the control signal, which indicates the resources for the backscattering/transmission signal. Upon receiving the control signal from the Ambient IoT reader, the Ambient IoT device starts the backscattering or the transmission of signal. The frame structure in this case is shown in Fig. 2. 
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           Fig. 2 Frame structures for the category 2 Ambient IoT device 

In case of discontinuous reception of carrier wave, the energy harvesting starts at Ambient IoT device after receiving control information from the Ambient IoT reader. When the harvested energy surpasses a threshold value, the Ambient IoT device initiates the backscattering/transmitting of stored information to the Ambient IoT reader. The frame structure for this case is shown in Fig. 3.  
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             Fig. 3 Frame structures for the category 3 Ambient IoT device 

Proposal 2: Study following scenarios for Ambient IoT device capable of receiving control signal 
a) Scenario 1: Energy harvesting, receiving control and backscatter/transmission. 
b) Scenario 2: Receiving control, energy harvesting, and backscatter/transmission.
The timing relationship between various operations and the control information needed to maintain the timings should be studied further. E.g., after receiving the control signal, the Ambient IoT device will start backscatter/ transmission after a certain delay. Therefore, there should be proper study to investigate this time delay.
[bookmark: _Hlk158883094]Proposal 3: Support to study timing relationship between various operations at Ambient IoT device and the control information needed to maintain the timing.
3. Conclusion
In this document, the different frame structures supported by different categories of Ambient IoT devices and various aspects of timing relations are discussed and the following proposals are made: 
Observation 1: The Frame structure for the category 1 Ambient IoT device consists of Energy harvesting followed by Backscattering.  
Observation 2: The threshold value of energy needed to activate backscattering circuitry and time needed to energy harvest to threshold depends on capability of device type.
Proposal 1: Study the following timing aspects,
a) Total duration of the backscattered signal
b) Duration of each information bit in the backscattered signal
c) Timing alignment for backscattering across Ambient IoT devices
Proposal 2: Study following scenarios for Ambient IoT device capable of receiving control signal 
a) Scenario 1: Energy harvesting, receiving control and backscatter/transmission. 
b) Scenario 2: Receiving control, energy harvesting, and backscatter/transmission.
Proposal 3: Support to study timing relationship between various operations at Ambient IoT device and the control information needed to maintain the timing.
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