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Introduction
3GPP RAN has recently approved a new SI to study Ambient IoT, a new 3GPP IoT technology, which relies on ultra-low complexity devices with ultra-low power consumption for the very-low end IoT applications [1]. According to the SI, the main objective is to study a harmonized air interface design with minimized differences to enable two types of devices, with peak power consumption of about 1 µW and a few hundred µW, respectively.
It was agreed in RAN1 #116 that Device 1 and Device 2a transmit to the reader by backscattering a carrier-wave [2]. The characteristics of the carrier-wave for two different topologies were discussed in RAN1 #116 and RAN1 #116-bis and the following were agreed. 
Table 1 Agreements from RAN1 #116 [2]
	Agreement
For R19 A-IoT study item, at least single-tone unmodulated sinusoid waveform is a candidate waveform for carrier wave for D2R backscattering.

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

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





Table 2 Agreements from RAN1 #116-bis [3]
	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




In this contribution, we further discuss the characteristics of the carrier-wave.
Discussion
Carrier-wave design
CW transmission options for Topologies 1 and 2 were discussed in the previous meetings and captured in the FL summary [4]. The cases that have been identified for Topology 1 are shown in Figure 1. Cases 1-1, 1-2, and 1-4 were selected for further study.
An important disadvantage of Case 1-1 is that the reader needs full duplex capability to mitigate the interference on the received backscattered signal due to the CW and transmission from the device in the DL band may be susceptible to interference from legacy DL transmission. Besides, backscattering in the DL band may have some regulatory implications.
In Case 1-2, the reader has to support transmission both in DL and UL bands and should switch from one band to the other: the data transmission occurs in the DL band while the CW transmission occurs in the UL band. In addition, similar to Case 1-1, the CW interference on the received signal needs to be mitigated. One other issue to consider is that transmission in the UL band may create interference on the UL transmission of legacy UEs so the CW transmission power may need to be reduced in certain cases, resulting in reduced coverage for the IoT devices.
In Case 1-4, since the data transmission/reception and CW transmission occur in different physical nodes, the reader does not need to support full duplex capability. Besides, the CW coverage can be improved by adapting the distance between the CW node and the IoT devices. One potential drawback of this case is that the timing of the CW transmission has to be adjusted according to the transmission/reception timing of the reader; for example, when the reader is transmitting data the CW node should stop the CW transmission and the similarly the CW should be transmitted when it is time for the device to backscatter.
Based on the discussion, we think Case 1-2 and Case 1-4 should be prioritized for further study. If the device supports shifting of the backscattered signal to another band, then both CW and data can be transmitted from the reader in the DL band and the backscattered signal can be in the UL band.
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Figure 1 Duplexing schemes for Topology 1

Proposal 1: For Topology 1, prioritize Case 1-2 and Case 1-4 for further study.
Proposal 2: For Topology 1, if large frequency shift is supported, include in the study CW and data transmission in the DL band and the backscattered signal in the UL band.

The cases that have been considered for Topology 2 are shown in Figure 2. Form these, cases 2-2, 2-3, and 2-4 were selected for further study. Since in Case 2-3 the UE needs to use both DL and UL bands, we think cases 2-2 and 2-4 should be prioritized for further study. Similar to the discussion above, for Case 2-2, the UE needs to support full duplex capability and for Case 2-4 the transmission of the CW should be coordinated.

Proposal 3: For Topology 2, prioritize Case 2-2 and Case 2-4 for further study.
Proposal 4: For Topology 2, if large frequency shift is supported, include in the study CW transmission from the external CW node in the DL band and the backscattered signal in the UL band.
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Figure 2 Duplexing schemes for Topology 2

[bookmark: _Hlk110844968]Interference handling
In monostatic configuration, the gNB/UE must radiate a powering CW signal while simultaneously receiving data from the IoT devices, i.e., it operates in full duplex mode. Because of imperfect transmitter-to-receiver isolation, a significant part of the radiated energy may leak into the receiver. A consequence of strong self-jamming is the saturation of the RF stages. After down-conversion, a strong self-jamming signal generates a large dc offset that may be much higher than the baseband of the backscattered signal, thus challenging the baseband stages (mainly the ADC). The self-jamming component leaking into the receiver chain also brings with it the phase noise associated to the LO, limiting receiver sensitivity. 
To reduce or prevent the above consequences, it is important to suppress the unwanted leakage at the RF level before it reaches the active part of the front end. If no RF suppression scheme is employed, then the front LNA/mixer must feature high dynamic range. Baseband amplifiers and ADCs must also feature high dynamic range capabilities to manage large down-converted dc offsets.
The reference [5] provides a survey of techniques that can be used to remove the interference on the received UL data due to the carrier-wave. In monostatic configuration, a circulator or a directional coupler can be used to isolate the receiver from the transmitter. For bistatic configuration, depending on the distance between the CW transmitter and the UL receiver and antenna radiation patterns, much better isolation is possible. To suppress the jammer signal in the RF domain, a sample of the transmitted RF signal is used to cancel out the self-interference in the received signal. Figure 3 illustrates a self-jamming cancellation unit [5]. In this approach, a sample of the transmitted signal is set to the same amplitude and the opposite phase as the jammer signal and is added to the received signal. The amplitude and phase of the cancellation signal can be controlled using a variable amplifier/attenuator and a phase shifter, respectively. Alternatively, amplitude and phase can be controlled using vector-modulation.
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Figure 3 Self-jamming cancellation unit [5]

In addition to the above, the DC offset can be removed in the analog domain, before ADC, if the uplink signal from the IoT device and the CW are separated in frequency. This can be achieved by shifting the spectrum of the backscattered signal, e.g., by using subcarrier modulation as shown in Figure 4. The DC offset can also be removed in digital baseband using well-known interference cancellation techniques since the carrier wave is a known signal and the channel acting on it can be estimated at the UL receiver. 
Observation 1: The following methods are useful in suppressing self-interference and cross-link interference: RF front end (circulator, etc.), spatial isolation, RF/analog interference cancellation, filtering.

Proposal 5: Support frequency shift of the backscattered signal using subcarrier modulation.

[image: ]
Figure 4 Frequency shift of backscattered signal
Multi-tone carrier-wave
It has been observed that multi-tone carrier wave can be useful in providing frequency diversity and it was agreed to be studied. For higher diversity gain, the tones should be sufficiently separated in frequency in order to experience relatively different channel gains. One measure to evaluate channel similarity is the coherence bandwidth. Figure 5 shows the 50% coherence bandwidth for InF NLOS channel and various building heights [6]. We can see from the figure that the minimum bandwidth to get 50% coherence is about 1.6 MHz and it can increase further depending on the building dimensions. So, it can be concluded that if the D2R channel bandwidth is less than 1.6 MHz, multi-tone CW may not be as beneficial to capture frequency diversity gain.
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Figure 5 Coherence bandwidth

Observation 2: Separation of tones of the CW should be at least 1.6 MHz for diversity gain.
Summary
In this contribution, we have discussed the characteristics of the carrier-wave, and the following are proposed:

Proposal 1: For Topology 1, prioritize Case 1-2 and Case 1-4 for further study.
Proposal 2: For Topology 1, if large frequency shift is supported, include in the study CW and data transmission in the DL band and the backscattered signal in the UL band.
Proposal 3: For Topology 2, prioritize Case 2-2 and Case 2-4 for further study.
Proposal 4: For Topology 2, if large frequency shift is supported, include in the study CW transmission from the external CW node in the DL band and the backscattered signal in the UL band.
Proposal 5: Support frequency shift of the backscattered signal using subcarrier modulation.
Observation 1: The following methods are useful in suppressing self-interference and cross-link interference: RF front end (circulator, etc.), spatial isolation, RF/analog interference cancellation, filtering.

Observation 2: Separation of tones of the CW should be at least 1.6 MHz for diversity gain.
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