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1 Introduction

Rel-19 Revised SID [1] on Ambient IoT(A-IoT) describes the following objective with respect to the carrier-wave (CW) for backscattering modulation of A-IoT device.  
	· 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. 


It was agreed that Device 1 and Device 2a with peak power consumption of about 1 µW and a few hundred µW, respectively, transmit D2R transmission by backscattering a carrier-wave. For CW waveform for D2R backscattering, followings are agreed in RAN1 #116b meeting [2].
[image: image1.png]For CW waveform for D2R backscattering, multiple unmodulated single-tone is studied compared to single-tone
inR19 SL.

e Two unmodulated single-tones as a starting point
o FFS: Other number of tones
o FFS: how large gap is needed between tones

For CW waveform for D2R backscattering, contiguous multi-tone OFDM signal is not studied in R19 SL.

Study at least the following characteristics of unmodulated single-tone and multiple unmodulated single-tone
CW waveforms for backscattering:
e ForD2R
o Reception performance
o Spectrum utilization of backscattered signal corresponding to the CW waveforms
o CW interference suppression at D2R receiver
o Including complexity and CW cancellation capability value/range (if any)
o For scenarios "A1’°, "A2” and ‘B’
e Relative complexity of CW generation





In this contribution, we further provide our views for the discussions on waveform characteristics of external CW for A-IoT.

	Agreement
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

Agreement
For CW waveform for D2R backscattering, contiguous multi-tone OFDM signal is not studied in R19 SI.

Agreement
Study at least the following characteristics of unmodulated single-tone and multiple unmodulated single-tone CW waveforms for backscattering:

· For D2R 

· Reception performance

· Spectrum utilization of backscattered signal corresponding to the CW waveforms

· CW interference suppression at D2R receiver

· Including complexity and CW cancellation capability value/range (if any) 

· For scenarios ’A1’, ’A2’ and ’B’

· Relative complexity of CW generation


2 Discussion on CW waveform for A-IoT 
In RAN1 #116b, it was agreed to study multiple unmodulated single-tone in Rel-19 SI compared to single tone for CW waveform for D2R backscattering. Two unmodulated single-tone is considered as a starting point. Other number of multiple unmodulated single-tone was left for further study with the spacing. There has been a discussion that using multiple unmodulated single-tone can obtain frequency diversity of CW signal for the D2R backscattering. To achieve the benefits of multiple unmodulated single-tones, the gap(spacing) between two adjacent single-tones will need to become at least above a coherent bandwidth. In addition, the occupied bandwidth should be taken into account for determining the spacing between tones. In addition, the occupied bandwidth for D2R transmission, BOCC, D2R, should be taken into account in determining the spacing between tones. It would be beneficial for gap to be as a multiple of subcarrier spacing of NR numerology (e.g., 15kHz) in terms of interference handling, frequency utilization and orthogonality. Regarding the use of N single-tones more than 2, the maximum allowable N tones from the viewpoint of implementation may consider the system bandwidth supported by the A-IoT device. From a RAN1 point of view, it would be necessary to first discuss and decide how to select or schedule a single-tone for backscattering among N tones.

Proposal 1: The gap between tones for the multiple unmodulated single-tones is a multiple of NR subcarrier spacing.
· CW transmission spectrum for the D2R backscattering in the same carrier as CW
In RAN1 #116, it was agreed to study the cases for CW transmission spectrum where D2R backscattering is transmitted in the same carrier as CW for topology 1 and topology 2. If it is necessary to prioritize for the cases, our preference is as follows:

• 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 2: Study on the CW transmission spectrum for the D2R backscattering in the same carrier as CW with priority in Case 1-4, 2-2 and 2-4 
· CW transmission spectrum for the D2R backscattering with large frequency shifter
For the case that D2R backscattering is transmitted at different carriers from CW for D2R backscattering, following cases for CW transmission spectrum are studied with priority.

• For the topology 1, CW is transmitted in DL spectrum inside topology and D2R is transmitted in UL spectrum
• For the topology 2, CW is transmitted in UL spectrum inside topology and D2R is transmitted in UL spectrum
• CW is transmitted from inside the topology 2 (i.e., intermediate UE), transmitted in UL spectrum 

Proposal 3: Study on the CW transmission spectrum in the case of transmitting D2R backscattering at different carriers from CW.
· Control CW node
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. Given discussion in RAN1 #116b [3], at least the following CW characteristics would need control:
• Timing (e.g., when CW is transmitted or not transmitted, Time resources) 

• Transmission Power 

• Frequency resources 

• Spectrum 

• Frequency hopping patterns 

Proposal 4: Study on the CW characteristics to be controlled
3 Conclusion
In this contribution, we discussed on CW waveform characteristics for A-IoT and provide following observations and proposals.
Proposal 1: The gap between tones for the multiple unmodulated single-tones is a multiple of NR subcarrier spacing.
Proposal 2: Study on the CW transmission spectrum for the D2R backscattering in the same carrier as CW with priority in Case 1-4, 2-2 and 2-4 
Proposal 3: Study on the CW transmission spectrum in the case of transmitting D2R backscattering at different carriers from CW.

Proposal 4: Study on the CW characteristics to be controlled
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