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1. Introduction
[bookmark: OLE_LINK6]3GPP RAN has approved a new SID to study Ambient IoT (Internet of Things) in NR [1]. The overall objective shall be to work out a harmonized air interface design with minimized differences for Ambient IoT to enable the two types of devices with peak power consumption of about 1 mW and below a few hundred mW. While some initial agreements have been reached in RAN1#116, RAN#103 and RAN1#116bis, there are still many details that require further discussion [2,3]. 
In this contribution, we present our views about waveform characteristics of carrier-wave of Ambient IoT and list potential solutions focusing on CW working model.

2. [bookmark: OLE_LINK1]Discussion 
[bookmark: OLE_LINK2][bookmark: OLE_LINK8]As discussed in RAN#103, some preliminary agreements on CW characteristics which need control had been made.
	RAN#103 agreement [3]
· Regarding the objective in the SID: Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR basestation.
· [bookmark: OLE_LINK7]This objective allows studying CW waveform characteristics which would need control of the CW node(s), e.g. waveform characteristics that impact interference such as when CW is transmitted or not transmitted, power, bandwidth, spectrum, etc.
· No SID revision is necessary


Clearly, the requirements for CW vary depending on the type of Ambient IoT devices being used. In the case of D2R backscattering, additional processes like charging and waking-up need to be carefully considered.This is especially important in situations where there are numerous devices and frequent interactions between devices and readers, as the CW node will need to handle a variety of messages to adjust or maintain its CW status. For instance, during inventory processes, the CW node must await instructions in each round of the random access procedure, which can have varying durations, making it challenging to plan CW operations in advance.To avoid transmission interruptions, enabling the persist mode in the CW node proves to be an effective solution. Additionally, burst mode serves as a more direct method to activate the CW node in general scenarios.
[bookmark: OLE_LINK5][bookmark: OLE_LINK4]Proposal 1: In D2R transmission, the CW node should support burst mode and persist mode to fulfill various needs in different scenarios. 
In RAN1#116bis, CW waveform had been discussed to use for D2R backscattering in ambient IoT. 
	RAN1#116bis agreement [3]
[bookmark: OLE_LINK10]For CW waveform for D2R backscattering, multiple unmodulated single-tone is studied compared to single-tone in R19 SI.
· Two unmodulated single-tones as a starting point
· FFS: Other number of tones
· FFS: how large gap is needed between tones


For now, there are more than one kind of waveform being utilized in backscattering. It is foreseeable that the CW waveforms with different tones have their own strong points and weaknesses. Therefore, it is important to investigate the adaptability of switching between single-tone and multi-tone waveforms for various situations in R19 SI. In additional, there are 6 cases with different CW topologies for ambient IoT device1 and device 2a. Complex control or interaction signaling from the reader to the CW node could result in system redundancy and higher latency in D2R backscattering. Hence, a harmonized approach for all six scenarios should be established as the baseline. 
Proposal 2: It is suggested to establish a straightforward and clear communication method between the reader and CW node with a harmonized scheme in all 6 cases for ambient IoT scenarios, which also involves signaling about the switching of single-tone and multi-tone waveform.

3. Conclusion
According to the discussion, following proposals are provided:
Proposal 1: In D2R transmission, the CW node should support burst mode and persist mode to fulfill various needs in different scenarios. 
Proposal 2: It is suggested to establish a straightforward and clear communication method between the read and CW node with a harmonized scheme in all 6 cases for ambient IoT scenarios, which also involves signaling about the switching of single-tone and multi-tone waveform.
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