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Introduction
3GPP has studied the ambient IoT (A-IoT) in Rel. 18 in RAN and decided to continue the study in RAN-WGs in Rel. 19 [1, 2]. A-IoT is a new type of device, with low complexity and low-power consumption, to be deployed in 5G NR. In this contribution, we present our views on the waveform characteristics for A-IoT devices in 5G networks.
A-IoT Characteristics
The A-IoT devices have only limited energy capacity and may obtain the required energy from the environment (e.g., light, pressure, vibration) or external carrier wave signal. The current study item considers two network topologies for the deployment of A-IoT devices. In Topology 1, an A-IoT device communicates bidirectionally with a base station, while in Topology 2, the A-IoT device communicates bidirectionally with an intermediate node, such as a UE, that is connected to a base station. The spectrum deployment could be in-band, in guard-band and standalone band.
Discussions
[bookmark: _Hlk166150127]In the RAN1#116 meeting, the following agreements were made [3]:
	Agreement
For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topology 1, the following cases for CW transmission are studied.
· Case 1-1: CW is transmitted from inside the topology, transmitted in DL spectrum
· Case 1-2: CW is transmitted from inside the topology, transmitted in UL spectrum
· Case 1-4: CW is transmitted from outside the topology, transmitted in UL spectrum

Agreement
For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topology 2, the following cases for CW transmission are studied.
· Case 2-2: CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in UL spectrum
· Case 2-3: CW is transmitted from outside the topology, transmitted in DL spectrum 
· Case 2-4: CW is transmitted from outside the topology, transmitted in UL spectrum




The above agreements consider the scenarios that the D2R transmissions are performed in the same carrier as the CW transmission. Using the same carrier brings interference issues at the receiver side. For the case that CW is provided by the receiver, e.g., Cases 1-1, 1-2, and 2-2, the full duplex operation is needed. In addition, the self-interference is introduced. The self-interference could be alleviated by hardware and/or algorithm implementations. The situation is different for the case that CW transmission is performed by a separate device, e.g., Cases 1-4 and 2-4. The CW node may introduce the cross-link interference for the reader. The reader may receive the CW with a higher signal strength compared to the backscattered signal, which can degrade the A-IoT communication performance. The cross-link interference would be weaker compared with self-interference, but the reader may not know the exact waveform of CW, which may be more complex interference cancellation.
In order to alleviate the interference for the different deployment cases, the small frequency shifting could be considered in spite of the possible cost increase of the A-IoT device. The A-IoT device can shift the CW frequency within the bandwidth, resulting in a reduced interference at the receiver. The frequency shifting also helps in managing a group of A-IoT devices using the same spectrum, i.e., A-IoT devices may use different frequency shifts. This increases the frequency resource utilization.
Proposal 1: The small frequency shifting should be studied for the D2R backscattering to reduce the interference.
Sending the CW over UL by gNB (Case 1-2), with high transmission power, can cause interference to neighbor gNBs. Also using a separate node for CW transmission in DL (Case 2-3) could introduce a severe interference for other NR users. The interference management for these scenarios is more complex. In our view, such cases could be deprioritized for the study.
Proposal 2: The Case 1-2 and Case 2-3 should be deprioritized for the study.
During the RAN1#116-bis meeting, some companies suggested to consider the large frequency shifts for the A-IoT device. The large frequency shift allows to receive the CW in DL spectrum and backscatter it in UL spectrum. Although this feature enables a better interference management in the system, it could not be implemented easily in devices with backscattering capability (e.g., device Type 1). So, we suggest not to consider the large frequency shift for A-IoT devices.
Proposal 3: The large frequency shift for A-IoT device should not be considered.

Conclusions
In this contribution, we provided our views on waveform characteristics for A-IoT. We made following proposals:
Proposal 1: The small frequency shifting should be studied for the D2R backscattering to reduce the interference.
Proposal 2: The Case 1-2 and Case 2-3 should be deprioritized for the study.
Proposal 3: The large frequency shift for A-IoT device should not be considered.
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