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Introduction
In RAN#102, the new A-IoT Rel-19 SID [1] was approved based on the Ambient IoT RAN led study technical report [2]. The motivation of Ambient IoT is to support devices that are ultra-low cost and ultra-low power. This tdoc discusses the considerations for the waveform characteristics of carrier-wave.

CW transmission

The CW transmission in the A-IoT system was discussed in RAN#106 [3,4] and the agreements below were made: 


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





For both topologies, if the CW is transmitted from within the topology, the reader (e.g., BS or intermediate node) would be required to support full duplex (i.e., monostatic) backscattering. Full duplex support is complex and expensive due to the large amount of carrier wave interference cancelation that is required. A legacy cellular base station or legacy UE acting as an intermediate node is unlikely to be able to support full duplex without additional hardware at additional cost. This will likely slow the commercialization of A-IOT. In contrast, a non-full duplex (i.e., bistatic) backscattering configuration would lead to a simplified HW design, lower deployment costs, faster commercialization, and possibly improve the coverage range of A-IoT devices. 

For topology 1, Case 1-1 and Case 1-2 would require gNB to support full-duplex operation. Furthermore, without A-IoT device that supports large frequency shift, Case 1-1 would result in a backscatter signal in the DL spectrum of the FDD band, which may not be allowed by some or most regulators. Similarly, for Case 1-2, the gNB would need to transmit the CW signal in the UL band, which, again, may not be allowed by some or most regulators. Hence, Case 1-4 is most easily supported by existing network infrastructure and the most likely to meet existing regulations. 

For topology 1, focus all further study only on Case 1-4 where the CW is transmitted from outside the topology in UL spectrum.


For topology 2, Case 2-2 would require the intermediary UE to support full-duplex operation that may require a new complex UE hardware to support it. Case 2-3, as in Case 1-1 above, would result in a backscatter signal in the DL spectrum of the FDD band. Hence, Case 2-4 would be the most easily supported by existing UE hardware and would meet existing regulations. 

For topology 2, focus all further study only on Case 2-4 where the CW is transmitted from outside the topology in UL spectrum.


Conclusions
1. For topology 1, focus all further study only on Case 1-4 where the CW is transmitted from outside the topology in UL spectrum.

For topology 2, focus all further study only on Case 2-4 where the CW is transmitted from outside the topology in UL spectrum.
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