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1 Introduction
The Rel-19 study item on Ambient IoT(A-IoT) has been approved in RAN#102 plenary meeting [1], which include the study on waveform characteristics of carrier-wave(CW) for backscattering modulation of A-IoT.  Following objective in the SID is related to CW.

· 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. 

Regarding the above objective, it was clarified in the last RAN#103 plenary meeting as below [2];
· 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.
In the previous RAN1 #116 meeting, followings are agreed [3].
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For R19 A-IoT study item, at least single-tone unmodulated sinusoid waveform is a candidate waveform for carrier

wave for D2R backscattering.<'
o

o

For R19 A-IoT study item, multi-tone waveforms for carrier wave for D2R backscattering can be studied.<'
a

"
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.<'

e Case 1-1: CW is transmitted from inside the topology, transmitted in DL spectrum¢'

e Casel 'W is transmitted from inside the topology, transmitted in UL spectrum¢’

e Case 1-4: CW is transmitted from outside the topology, transmitted in UL spectrum¢'

o
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.<'

e Case 2-2: CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in UL spectrum¢

e Case2 'W is transmitted from outside the topology, transmitted in DL spectrum <

e Case2 'W is transmitted from outside the topology, transmitted in UL spectrum¢’







In this contribution, we will further discuss on waveform characteristics of external CW for A-IoT.
2 Discussion on CW waveform for A-IoT 
In the previous RAN1 #116 meeting, it was agreed that the unmodulated sinusoid waveform as a single-tone waveform is the candidate waveform of CW for backscattering transmission of the Device to Reader (D2R) links [2]. In addition, it was agreed that the multi-tone waveform can also be studied for the waveform of the CW [2].
· Single-tone CW waveform
Regarding the single-tone, a study on the CP-OFDM-based CW waveform should be considered in addition to the unmodulated sinusoidal waveform agreed at the previous meeting. In case of inside topology, gNB (Topology 1) or intermediate UE (Topology 2) may transmit CW for backscattering for Device 1 or Device 2a of A-IoT. By adopting CP-OFDM-based waveforms, gNB or intermediate UE can share and utilize blocks which has commonality with NR signal generation to transmit CW signals. The CP-OFDM-based CW single-tone can be transmitted to one subcarrier in a partial PRB of DL or UL of the NR in the in-band mode. It can be generated as a continuous sinusoidal waveform by phase rotation control in consideration of a CP length for each OFDM symbol. In terms of interference, the impact may not be very significant, but it is expected that the use of subcarrier can minimize the potential impact by maintaining orthogonality.
Observation 1: Continuous sinusoidal waveform for a single-tone CW can be generated in the CP-OFDM system.
Proposal 1: Study on CP-OFDM based generation of single-tone CW waveform. 

· Multi-tone CW waveform
Regarding multi-tone, it has robustness against frequency selective fading. And it could be effective for energy harvesting with high PAPR. However, there are also concerns that it may increase complexity in self-interference cancellation. Therefore, it is necessary to carefully study the feasibility as well as complexity of generation and cancellation of the CW waveform with multi-tone. As a candidate for one of the multi-tone CW generation methods, the NR OFDM waveform could also take into consideration for the study.
Proposal 2: Study on multi-tone waveform consisting of consecutive subcarriers of NR as a candidate multi-tone CW waveforms.
· Multiple CW for multiple D2R channels
Considering usage scenarios, a large number of A-IoT devices may exist in a limited indoor space. Therefore, it is necessary to configure multiple D2R transmission channels so that D2R transmissions of different A-IoT devices may be distributed. If multiple D2R channels would be introduced, multiple CW transmissions for backward scattering of Device 1 need to be configured together. In this case, the frequency gap between two different CW may be considered by a D2R transmission bandwidth. When a CP-OFDM-based single tone is configured, the gap of the single-tone may be determined according to the subcarrier spacing of NR configuration and D2R transmission bandwidth. In terms of interference, if Device 1 type of A-IoT device can change or select the CW frequency, the fragility of fading of the single tones may be overcome through the diversity effect.
Observation 2: Multiple D2R transmission channels may be required in consideration of a large number of A-IoT devices.

Observation 3: Multiple CW transmissions may be considered as a solution to deal with frequency selective fading problem for single-tone CW waveform.
Proposal 3: Take transmission of multiple single-tone or multi-tone CWs for backscattering into account. 

· Control CW node
Though the study of waveforms for energy harvesting was decided outside the scope of Rel-19, but if the CW signal is used as an energy harvest for A-IoT, CW, which is continuously transmitted without interruption, will be the most effective. On the other hand, in the CW transmission for backscattering, it may be necessary to consider transmission to a designated resource or transmission in accordance with D2R transmission for a minimum time interval. By transmitting CW only in a configured time interval, interference between CW and NR transmission may be minimized in the in-band mode. 
In topology 1, when the gNB serves as the CW node, CW transmission may be controlled by itself. In topology 2, if the intermediate UE serves as the CW node, CW transmission may be configured under the control of the gNB. In the outside the topology, the standalone CW node may also need to be controlled. If this is agreed, it will be necessary to discuss the functionalities and requirements of the standalone CW node, and to study the control methods and procedures.
Proposal 4: Study on controlling CW node including standalone CW node.
· Spectrum form CW transmission
In the previous RAN1 #116 meeting, the cases to study for the CW transmission spectrum were agreed for the condition where D2R backscattering is transmitted in the same carrier as CW. 
For the case that D2R backscattering is transmitted at different carriers from CW for D2R backscattering, following cases for CW transmission are studied with priority.

• Case 1-1: CW is transmitted from inside the topology 1, transmitted in DL spectrum 

• Case 1-4: CW is transmitted from outside the topology 1, transmitted in UL spectrum 
• Case 2-2: CW is transmitted from inside the topology 2 (i.e., intermediate UE), transmitted in UL spectrum 

• Case 2-4: CW is transmitted from outside the topology 2, transmitted in UL spectrum 

Proposal 5: Study on the CW transmission spectrum in the case of transmitting D2R backscattering at different carriers from CW for D2R backscattering.
3 Conclusion
In this contribution, we discussed on CW waveform characteristics for A-IoT and provide following observations and proposals.
Observation 1: Continuous sinusoidal waveform for a single-tone CW can be generated in the CP-OFDM system.

Observation 2: Multiple D2R transmission channels may be required in consideration of a large number of A-IoT devices.

Observation 3: Multiple CW transmissions may be considered as a solution to deal with frequency selective fading problem for single-tone CW waveform.
Proposal 1: Study on CP-OFDM based generation of single-tone CW.
Proposal 2: Study on multi-tone waveform consisting of consecutive subcarriers of NR as a candidate multi-tone CW waveform.
Proposal 3: Take transmission of multiple single-tone or multi-tone CWs for backscattering into account. 

Proposal 4: Study on controlling CW node including standalone CW node.
Proposal 5: Study on the CW transmission spectrum in the case of transmitting D2R backscattering at different carriers from CW for D2R backscattering.
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