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1. Introduction
In recent years, IoT has gained much attraction in the domain of wireless communications. It is expected that more things will be interconnected to increase productivity, efficiency, and the comfort of life and reduce the stress on the existing infrastructure. In most of the existing technologies, the devices are battery-powered, which have a limited life cycle or need to be charged manually. It is impossible to power all these devices or things through batteries, which leads to environmental issues and high maintenance costs. 
Existing technologies are not suitable for meeting the requirements of the target use case. Hence, in Rel-18, an SA and RAN Plenary level study was conducted to study the use case and the requirements of a new IoT technology, which relies on ultra-low complexity devices with ultra-low power consumption for the very-low-end IoT applications. In Rel-19, a study on a new device class called Ambient IoT (AIoT) is going on, which can meet the strict complexity and power consumption requirements of these use cases defined in TR 22.840.
In the RAN #116 meeting, the following agreements were reached for the study of the downlink and uplink channel signal aspects [1]. 
	[bookmark: _Hlk510705081]Agreement
For ambient IoT devices, a dedicated physical broadcast channel for R2D, e.g. PBCH-like, is not considered for study.

Agreement
For ambient IoT devices, at least for R2D data transmission, a physical channel (PRDCH) is studied,
0. System information (if defined) is transmitted on the PRDCH
0. FFS Whether/how control information is transmitted on the PRDCH
1. Note: the naming of PRDCH is used for the sake of the study

Agreement
For ambient IoT devices, at least for D2R data transmission, a physical channel (PDRCH) is studied along with the following,
1. Response transmitted from device to reader during contention-based access procedure is transmitted on the PDRCH
2. FFS: Details of response
1. FFS Whether/how/what D2R control information (if defined) is transmitted on the PDRCH
Note: the naming of PDRCH is used for the sake of the study



This document contains our views on physical layer signals and channels for AIoT.
2. Discussion
The data traffic types approved in the SID are device originated - device terminated triggered (DO-DTT), and device terminated (DT). The focus use cases of the SID are rUC1 (indoor inventory) and rUC4 (indoor command). 
In this document, we are going to discuss the solution and feasibility of physical layer signaling and the channel required for the Ambient IoT 

2.1 Information payload 
Based on the traffic type and the use case in focus in the SID, in the table below, we discuss some of the message sizes provided in the TR 22.840 for rUC1 and rUC2. 
Table 1: Message sizes for Ambient IoT
	rUC1 (indoor inventory)

	SA1 UCs/traffic scenarios
	Message size

	Automated warehousing
	96/128 bits

	Medical instruments inventory management and positioning
	176 bits

	Automated supply chain distribution
	<100 bytes

	Fresh food supply chain
	<100 bits

	rUC4 (indoor command)

	Elderly health care
	<100 bits

	Electronic shelf label
	100 bytes



Observation 1: Ambient IoT can have a range of information payload sizes.
Proposal 1: Ambient IoT devices should support the variable lengths of the payload.
2.2 Downlink (R2D) signals and channels
For low complexity and low power operation of Ambient IoT devices for the Inventory and Command use case, the AIoT device expects a query and a trigger signal on the R2D link, respectively. It is expected to have some synchronization on the R2D link to decode this information effectively. Considering the complexity and power consumption of the AIoT device, AIoT is not expected to have long-term synchronization for the reception of the information, and due to limited power and storage, it cannot be active for a longer duration. In our understanding, this device remains in the ideal/energy-harvesting state most of the time.   
Observation 2: Some type of wake-up signal is required to turn on the AIoT device from the ideal state. 
Proposal 2: Study the wake-up signal for the AIoT device. 
Once the AIoT device is in the active state, it needs to achieve some sort of synchronization with the network to decode the information it is receiving on the R2D link. To achieve the synchronization, a preamble is used before the payload. An AIoT device may not be aware of the length of the payload information it is receiving on the R2D link. 
Proposal 3: Study the mechanism to denote the end of the payload to AIoT UE. 
The following agreement was in the last RAN1 #116 meeting [1]. A physical channel PRDCH is studied with FFS to determine whether/how control information is transmitted on PRDCH.
	Agreement
For ambient IoT devices, at least for R2D data transmission, a physical channel (PRDCH) is studied,
· System information (if defined) is transmitted on the PRDCH
· FFS Whether/how control information is transmitted on the PRDCH
· Note: the naming of PRDCH is used for the sake of the study




In our understanding, there is no need for a dedicated channel for the transmission of the control information to the AIoT UE. Having a dedicated channel for the control information will increase the device complexity, which is not desirable, at least for the backscattering device.  
Proposal 4: PRDCH should be used for the transmission of the control information along with the data payload. 
	FFS: Details on multiplexing of control and data payload on PRDCH. And the contents of the control information.   
2.3 Uplink (D2R) signal and channels
Considering the complexity of the AIoT device, legacy NR like UCI is not supported by the AIoT device, but for the Inventory and Command use case, the AIoT device expects to reply with a query response and a trigger response with something like ACK and NACK on the D2R link. This response is analogous to UCI for the legacy UE.  In our understanding, there is no need for a dedicated channel to transmit the response information to the network. Having a dedicated channel for the response information will increase the device complexity, which is not desirable, at least for the backscattering device.  
The following agreement was in the last RAN1 #116 meeting [3]. A physical channel PDRCH is studied with FFS to determine whether/how control information is transmitted on PDRCH.
	Agreement
For ambient IoT devices, at least for D2R data transmission, a physical channel (PDRCH) is studied along with the following,
· Response transmitted from device to reader during contention-based access procedure is transmitted on the PDRCH
· FFS: Details of response
· FFS Whether/how/what D2R control information (if defined) is transmitted on the PDRCH
· Note: the naming of PDRCH is used for the sake of the study




Proposal 5: PDRCH should be used to transmit the response information along with the data payload. 
	FFS: Details and the contents of the response signal.   

3. Conclusion
This paper provides the following observations and proposals:
Observation 1: Ambient IoT can have a range of information payload sizes.
Proposal 1: Ambient IoT devices should support the variable lengths of the payload.
Observation 2: Some type of wake-up signal is required to turn on the AIoT device from the ideal state. 
Proposal 2: Study the wake-up signal for the AIoT device. 
Proposal 3: Study the mechanism to denote the end of the payload to AIoT UE. 
Proposal 4: PRDCH should be used for the transmission of the control information along with the data payload. 
	FFS: Details on multiplexing of control and data payload on PRDCH. And the contents of the control information.   
Proposal 5: PDRCH should be used to transmit the response information along with the data payload. 
	FFS: Details and the contents of the response signal.   
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