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1	Introduction
The “Study on solutions for Ambient IoT (Internet of Things) in NR” [1][2][3] targets a further assessment at RAN WG level of Ambient IoT (A-IoT), a new 3GPP IoT technology, suitable for deployment in a 3GPP system, which relies on ultra-low complexity devices with ultra-low power consumption for the very low-end IoT applications. The study follows an initial study captured in TR 38.848 [4].
In this contribution, we present our views on carrier wave transmission, waveform, and interference handling.
[bookmark: _Ref178064866]2	CW waveforms
RAN1#116 made the following agreements regarding CW waveform. It has been agreed to study the use of single-tone and multi-tone signals as the CW illuminating the backscatter device. As agreed in RAN1#116bis, in this section, we study aspects of reception performance, spectrum utilization and complexity of CW generation. 
	RAN1#116:

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.


RAN1#116b:

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




2.1	Reception performance
Backscatter communication is typically realized by switching between two (or more) antenna impedance states. It is possible to realize different modulation schemes such as On-Off keying (OOK), variants of Frequency shift keying (FSK), and Binary phase shift keying (BPSK) by modulating the switch between impedance states. The rate at which the switching occurs controls the characteristics of the backscattered radio waves. For example, let us assume that the state of the switch is changed or modulated by a baseband signal of frequency . This would result in mixing the frequency of the impinging CW signal with the baseband frequency . This yields a reflected signal which contains two images of the incident CW signal at frequency offsets ± relative to the center frequency of the impinging CW signal (as illustrated in Fig. 1). 

[image: ]
Figure 1: A baseband signal with frequency  generates two images of each subcarrier, at the positions indicated by the dotted arrows. Here,  is shown to be equal to the subcarrier spacing.
In this contribution, we present the detection performance based on FSK backscatter modulation for three types of waveforms: unmodulated single-tone signal without frequency hopping, unmodulated single-tone signal with frequency hopping, and unmodulated 2-tone signal. The evaluation assumptions are summarized in Table 1. 
Table 1: The evaluation assumptions and corresponding values
	Parameter
	Value

	CW type 
	- Single-tone sine wave with frequency hopping
- Single-tone sine wave without frequency hopping
- Unmodulated 2-tone CW

	Baseband modulation frequency (Backscatter Link Frequency)
	15 kHz for “0” and 30 kHz for “1” (FSK)

	A-IoT device modulation method
	FSK 

	Receiver
	FFT-based Non-coherent detector for FSK

	Interference
	0 dB, i.e., Interference signal power is the same as the received backscattered signal power.

	Channel type
	TDL-A, delay spread of 150 ns

	Bandwidth of a single-tone CW 
	15 kHz

	Separation between adjacent tones 
	frequency hopping offset for single-tone CW: 1.65MHz
2-tone CW: 1.65 MHz


[image: ]
Figure 2: Detection performance of backscattered signals with FSK
Figure 2 shows the performances of the different CW waveforms assuming a non-coherent detector which detects a bit by comparing the power of the received shifted tones corresponding to zeros and those corresponding to ones.
· Option 1, Single-tone sine wave without frequency hopping
· Option 2, Single-tone sine wave with frequency hopping
· Option 3, Unmodulated 2-tone CW

It is shown that Option 1 has the worst performance in a fading channel. Frequency hopping with an offset of 1.65 MHz in Option 2 can improve the performance by 1dB. Option 3 which backscatters a two-tone CW with the same frequency offset in between outperforms Option 1 by 5dB.
We also simulated the three options together with bit-level repetition with repetition factor of 2. For both Option 1 and Option 3, the repetitions can lead to a 2-3dB improvement, and this improvement is mainly contributed by power aggregation. For Option 2 without repetition, each information bit is transmitted in one of the two hops, illustrated in Figure 3, which maps down to each bit being transmitted on a single tone with single frequency, and thus, not exploiting frequency diversity. With repetition, the two repetitions are distributed on two hops, meaning that the transmission of each bit makes use of frequency diversity. This repetitions in Option 2 can lead to nearly 6dB improvement.
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(b) With bit-level repetition
Figure 3: Depicting options 1,2 and 3 with and without bit-level repetition.

Observation 1 [bookmark: _Toc166257264]In fading channels with FSK, two-tone CW signal outperforms a single-tone CW signal for the backscattered signal. 
Observation 2 [bookmark: _Toc166257265]In fading channels with FSK, for backscattering based on 2-hop single-tone signal, to exploit the benefits of frequency diversity, repetition on bit-level or packet-level is required.
[bookmark: _Toc163227154][bookmark: _Toc163251251][bookmark: _Toc163251334][bookmark: _Toc166257280]As part of the study of CW of more than two tones, RAN 1 to further study the benefits of multi-hop single tone CW compared to multiple tones CW. 
[bookmark: _Toc163059134][bookmark: _Toc163060588][bookmark: _Toc163251260][bookmark: _Toc163251261][bookmark: _Toc163251262][bookmark: _Toc163251263][bookmark: _Toc163251264][bookmark: _Toc163251265][bookmark: _Toc163251266][bookmark: _Toc163251267][bookmark: _Toc163251268][bookmark: _Toc163227158][bookmark: _Toc163251269][bookmark: _Toc163251270][bookmark: _Toc163251271][bookmark: _Toc163251272][bookmark: _Toc166257281]If a two-hop or a multi-hop single tone is used as the CW signal, it is required to further study the hopping periodicity and the need for packet repetition. 
[bookmark: _Toc166257282]RAN 1 to further study the different aspects affecting the selection of the CW signal, i.e., the bandwidth allocated to the A-IoT devices, multiple access, channel conditions, band deployment (in-band, out-of-band, guard band), backscatter modulation/detection assumptions, and interference mitigation techniques.

2.2	Spectrum utilization of backscattered signal corresponding to the CW waveforms 
Regarding single-tone versus multi-tone carrier wave transmissions, and how this affects D2R backscattering, RAN1 #116bis made the following agreements. Here we discuss about the spectrum utilization aspects of backscattering single tone as well as multi (dual)-tone carrier wave transmissions.
	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
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



It has been argued that multi-tone carrier wave for backscattering has lower spectrum utilization. Essentially, an A-IoT device backscattering a carrier wave modulates the same data across different tones with a multi-tone carrier wave. Since each tone occupies a different part of spectrum, this improves the frequency diversity performance, however at the cost of potentially reduced spectrum utilization. However, it should be noted that increasing the number of tones doesn’t necessarily lead to a proportional decrease in spectrum utilization. For instance, if the number of tones double, the spectrum utilization does not reduce by 50%.
Observation 3 [bookmark: _Toc166257266]Increasing the number of tones does not necessarily lead to a proportional reduction in spectrum utilization.
The reason for this has to do with the distribution of power in the carrier wave. For instance, in a single-tone signal, all the signal energy is concentrated at a single frequency. This means that all the spectral energy is focused around that one frequency, resulting in that sidelobes of the backscatter transmission with higher energy extend to wider frequencies.
On the other hand, in a multi-tone signal, the signal consists of multiple tones or frequencies simultaneously. Each tone contributes its own frequency component to the overall signal. Since the energy is distributed across multiple frequencies, each individual tone typically has less spectral energy compared to the single tone of equivalent power. Consequently, the backscatter transmissions corresponding to each tone of a multi-tone signal tends to have reduced sidelobe levels compared to a single-tone signal with the same total bandwidth.
Observation 4 [bookmark: _Toc166257267]A multi-tone carrier wave signal distributes energy across multiple tones with each tone having less spectral energy compared to a single-tone carrier wave. Backscattered transmission corresponding to each tone of a multi-tone signal has reduced sidelobe levels.
These observations are further verified by backscattering DSB-OOK signal with and without frequency shifts over a single tone as well as a dual-tone as shown in Figures 4 and 5. 
The frequency spectrum for DSB-OOK for a single tone at 900MHz if a frequency shift is implemented shows two main lobes after backscattering as shown in Figure 4. This is compared with those produced by backscattering over a dual-tone carrier, where one of the two tones is at the same frequency as the single tone carrier, and another tone separated at 1.65MHz, which results in 4 frequency peaks (2 corresponding to each tone). If a frequency shift is not implemented as in Figure 5, then a single tone carrier produces only one peak of backscattered transmission at 900MHz and dual tone produces two peaks, one corresponding to each tone at 900MHz and 901.65MHz. 
The observation from the power spectral density depicted in Figures 4 and 5 reveal that even at sufficiently large frequency spacing, side lobes produced by backscatter transmissions from the dual-tone carrier contributes to less power individually compared to those produced by backscatter transmissions from a single carrier. In fact, for DSB-OOK, the overall power/frequency contributed by the single tone carrier wave and dual-tone carrier wave was almost equal.
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Figure 4: Spectral utilization of single-tone vs 2-tone for a DSB-OOK modulation with frequency shift
[image: ]
Figure 5 Spectral utilization of single-tone vs 2-tone for a DSB-OOK modulated transmission without frequency shift.
Therefore, we conclude the following,
Observation 5 [bookmark: _Toc166257268]Overall power per frequency contribution from the backscattered transmission of a dual-tone carrier wave might be almost similar to that of single-tone carrier wave.

2.3	Relative complexity of CW generation
Considering the advantages of multi-tone in terms of performance with not so reduced spectrum utilization, one of the strong considerations should be to study the complexity of multi-tone vs. single-tone carrier generation.
One of the arguments against multi-tone signal generation is on its design and implementation complexity at CWT/BS in terms of hardware components, cost and size. The traditional technique for implementing multi-tone signals involve using multiple independent local oscillators whose output is combined using an RF combiner to a single signal. Multiple isolators are used to ensure that the different RF paths do not interfere with each other in order to minimize the intermodulation distortion between the different tones. 
An alternative way to generate multiple carrier signals in which the frequency gap between the tones is much smaller than the center carrier frequency is to rely on baseband generation of the tones using an IQ modulator and digital-to-analog converters (similar to traditional OFDM transmitter chains). The baseband generated tones are then up-converted using one LO and a mixer to the passband frequency generating the desired multi-tone signal. 
Alternatively, each independent signal generators can be replaced with one Vector signal generator (VSG). VSG requires only a single CW generator to create multi tone signals. It can generate fixed or random initial phase sets, deliver accurate repeatable multi tone signals and is easily configurable by setting each tone independently. VSG are useful for simulating a wide variety of digitally modulated signals, including cellular, wireless LAN, Bluetooth, GNSS, and military communications formats [6].
Observation 6 [bookmark: _Toc166257269]CW generator can implement less complex designs employing baseband processing to reduce the hardware components, cost and size of the generator while still generating multi-carrier signals
Therefore, we propose the following.
[bookmark: _Toc166257283]Multi-tone signals can be implemented by the CW generators without significantly increasing the design complexity by choosing the appropriate design. This can be left to implementation.

3	CW transmission
RAN1#116 made the following agreements regarding carrier wave (CW) transmission. Due to the limited time, only cases where no frequency shift between UL and DL bands were discussed. In this section, we discuss the agreed cases and also those which require frequency shift between UL and DL bands.
	RAN1#116
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.



3.1	CW transmission cases without large frequency shift 
3.1.1	Topology 1
[bookmark: _Toc159079002][bookmark: _Toc159079178][bookmark: _Toc159079366][bookmark: _Toc159079413][bookmark: _Toc159080013][bookmark: _Toc159080130][bookmark: _Toc159179531][bookmark: _Toc159179587][bookmark: _Toc159179643][bookmark: _Toc159179698]For Topology 1, the agreed cases sketched in [5] can be found in Figure 1. Case 1-1 and Case 1-2 require a gNB to act as both a CW node and a reader. Since the assumption is that devices are incapable of a large frequency shift between UL and DL bands, both the cases require a hardware modification in gNB (i.e., adding a receiver chain in a DL band for case 1-1 and adding a transmit chain in UL band for case 1-2), and gNB full-duplex capabilities with efficient self-interference cancellation to allow simultaneous transmission and reception, increasing its complexity. For Cases 1-1 and 1-2 where carrier wave is emitted by the gNB, there needs to be a dense deployment of gNBs to illuminate the devices given its Rx sensitivity. Deploying a larger density of gNBs as carrier wave transmitters might be less cost-efficient than deploying external CW nodes. 
Observation 7 [bookmark: _Toc166257270]Cases 1-1 and 1-2 where carrier wave is emitted by the gNB require a hardware modification in gNB (i.e., adding a receiver chain in a DL band for case 1-1 and adding a transmit chain in UL band for case 1-2), and gNB full-duplex capabilities with efficient self-interference cancellation to allow simultaneous transmission and reception.
Observation 8 [bookmark: _Toc166257271]For Cases 1-1 and 1-2 where carrier wave is emitted by the gNB, there needs to be a dense deployment of gNBs to illuminate the devices, which might be less cost-efficient than deploying external CW nodes. 
In contrast, in Case 1-4, both the incident carrier wave signal and the backscattered transmission are in an UL band in a bi-static setup. gNB transmits PRDCH in a DL band and receives the backscattered transmission in UL band the same as in legacy FDD operation. 
Observation 9 [bookmark: _Toc166257272]For Cases 1-4, gNB transmits PRDCH in DL band and receives the backscattered transmission in UL band as in legacy FDD operation.

	Case 1-1
	Case 1-2
	Case 1-4
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Figure 6: CW transmission for topo 1
As agreed in RAN#103, CW waveform characteristics of CW nodes, such as when CW is transmitted or not transmitted, power, bandwidth, spectrum, etc. would need control.
	RAN#103 agreement:
· 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 base station.
· 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,




In addition, Proposal 2.2-1b was given for Case 1-4 in the previous feature lead summary [5].
	High Priority proposal 2.2-1b:
· For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topo 1, at least the following case(s) for CW transmission is studied.
· Case 1-4: CW is transmitted from outside the topology, transmitted in UL spectrum.
· FFS: the CW node should be controlled by base station
· FFS: the CW node maybe a UE.




The agreement and the proposal imply a possibility that gNB should control a CW node, which is a UE, in the aspects of time, frequency, power of CW transmission. It is unclear whether the control of a CW node, which is a UE, by a reader, which is a gNB, would incur any signaling or data in physical layer, higher layer signaling or application layer.
Observation 10 [bookmark: _Toc159248820][bookmark: _Toc166257273]It is unclear whether the control of a CW node which is a UE by a reader (which is a gNB), would incur any signaling or data in physical layer, higher layer signaling or application layer. 
[bookmark: _Toc159179528][bookmark: _Toc159179584][bookmark: _Toc159179640][bookmark: _Toc159179695]Based on the above observations, we therefore propose the following.
[bookmark: _Hlk166009390][bookmark: _Toc166257284]Prioritize case 1-4 for Topology 1. In case 1-4, study whether the control of a CW node which is a UE by a reader (which is a gNB), would incur any signaling or data in physical layer, higher layer signaling or application layer.

3.1.2	Topology 2
The cases agreed in RAN1#116 for Topology 2 are described in Figure 7. 

	Case 2-2
	Case 2-3
	Case 2-4
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Figure 7: Cases agreed to study for Topology 2
Both Cases 2-2 and 2-4 require additional hardware complexities at the intermediate UE to support full duplex. For Case 2-2, an intermediate UE serve as both CW node and a reader. Though there is an external CW node in Case 2-4, full duplex capability may be needed if an intermediate UE simultaneously receives the backscattered transmission in an UL band and transmits to gNB for Uu interface in the same UL band.
Case 2-3 allows for less complex intermediate UE without a need for full duplex, however at the cost of increased complexity at devices. In this case, devices receive CW transmission and backscatter it in a DL band, which is different from Case 1-4, where both CW transmission and backscattered transmission are in an UL band. Supporting both Case 1-4 and Case 2-3 may require devices to differentiate the two topologies.
Observation 11 [bookmark: _Toc166257274]Cases 2-2 and 2-4 require additional hardware complexities at the intermediate UE to support full duplex.
Observation 12 [bookmark: _Toc166257275]In Case 2-3, devices receive CW transmission and backscatter it in a DL band, which is different from Case 1-4. Supporting both Case 1-4 and Case 2-3 may require devices to differentiate the two topologies.

3.2	CW transmission cases with large frequency shift 
A drawback common for all the cases of two topologies without a large frequency shift between CW transmission and backscattered transmission is the direct interference from CW node to reader. In this sense, a large frequency shift between UL and DL FDD bands is a solution to counteract the CW node-to-reader interference. Proposal 2.2-3a was given in RAN1#116bis. Due to limited time, it was not discussed.
	FL7 Medium Priority Proposal 2.2-3a:
For the case that D2R backscattering is transmitted in the different band as CW for D2R backscattering, and for topology 1, at least the following case for CW transmission is studied.
· Case 1-1a: CW is transmitted from inside the topology, transmitted in DL spectrum
For the case that D2R backscattering is transmitted in the different band as CW for D2R backscattering, and for topology 2, at least the following case for CW transmission is studied.
· Case 2-2a: CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in UL spectrum
Note: This study can be captured in the TR only when the support of frequency shifter is confirmed in 9.4.1.2.



[bookmark: OLE_LINK1]Case 1-1a was proposed for Topology 1, where CW is transmitted in a DL band, and. This allows gNB as a reader to receive backscattered transmissions in an UL band, the same as Case 1-4. Nevertheless, a drawback of CW from inside the topology, namely gNB as a CW node, is that gNB density is unnecessarily too high given the small distance between CW node and device. For topology 1, we can consider an additional case, where CW is transmitted outside the topology in DL spectrum. It is sketched in Figure 8.

[image: ]
Figure 8: An additional case for Topology 1 with a large frequency shift between UL and DL FDD bands, where CW is transmitted outside the topology, transmitted in DL spectrum.

Observation 13 [bookmark: _Toc166257276]A drawback common for the cases without a large frequency shift between CW transmission and backscattered transmission is the direct interference from CW node to gNB.
[bookmark: _Toc166257285]RAN1 to study an additional case for Topology 1 with large frequency shift, where CW is transmitted from outside the topology and in a DL band, and backscattered transmission in an UL band. 
For Topology 2, Case 2-2a was suggested in the proposal above, where CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in UL spectrum. An intermediate UE transmits CW in an UL band and receives backscattered transmission in a DL band. The purpose seems to allow the intermediate UE to maintain the current behavior of transmission in an UL band and receiving in a DL band. Namely, it would transmit both R2D and CW in an UL band.
We think an opposite case can also be considered, as illustrated in Figure 9, where CW transmission and D2R transmission are in a DL band and an UL band respectively, the same as in the additional case proposed for Topology 1.
[image: ]
Figure 9: An additional case for Topology 2, with a large frequency shift between UL and DL FDD bands, where CW is transmitted outside the topology, transmitted in DL spectrum.
Therefore, we propose the following.
[bookmark: _Toc166257286]RAN1 to study an additional case for topology 2, where CW is transmitted from outside the topology and in a DL band, and D2R transmission is in an UL band.

4	CW interference handling
4.1	CW cancellation capability
For D1T1/D2T2-A2 case, CW node and reader are the same node, and it suffers from self-interference. For D1T1/D2T2-A1 and D1T1/D2T2-B, the reader may suffer from cross-link interference from the CW node to the reader. 
For coverage evaluation, a specific value of CW cancellation capability will be used in link level budget analysis, which can be determined based on a study of the value range.

	RAN1#116b
Agreement
For coverage evaluation, subject to further discussion on which scenarios to evaluate, 
· In the case of CW inside topology with ’A2’ scenarios
· The digital baseband processing of CW self-interference handling is not modelled in link level simulation (LLS). It is included in the link budget analysis by reporting the CW cancellation capability value.
· FFS: In the case of CW outside topology with ‘B’ scenarios or CW inside topology with ’A1’ scenarios

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

Agreement
The table below is agreed (except for the yellow part)
	[2K]
	CW cancellation (dB)
	N/A
	[bookmark: OLE_LINK11]For [monostatic backscatter], FFS
· [140dB for BS]
· [120dB for UE]

For [bistatic backscatter]
· Assuming CW has no impact to the receiver sensitivity loss. 






Relating to CW interference cancellation, the following approach was proposed in the 9.4.1.1 FLS [7], but an agreement could not be reached.
[H][P3.4.1.1-(2)-v1]
	Proposal:
· For CW inside topology, the following approach is used to derive minimum receiver sensitivity,
· Obtain required SINR from LLS as [2G],
· Obtain the remaining CW interference [2K1] after CW interference cancellation from CW node Tx power [1E1], antenna gain [1E2] and CW cancellation capability [2K]. 
· Obtain the minimum receiver sensitivity [2L] according to the following formula,
· , where dB2lin(*) is function that converts dB to linear value.
· FFS: companies to report CW cancellation capability [2K] or agreed on a value(s)



We are fine with above approach for deriving the receiver sensitivity after CW interference cancellation. The remaining CW interference after CW interference cancellation can be calculated as follows:
· Remaining CW interference = CW node Tx power + antenna gain - CW interference cancellation capability

The approach described above is mainly relevant for link budget analysis in agenda item 9.4.1.1. However, for this agenda item (9.4.2.4), it is important to discuss the model for CW interference cancellation. As a starting point, the following models can be considered for the different scenarios:
· A2 (monostatic): CW cancellation = Spatial isolation + RF-IC suppression + BB/IF self-interference cancellation
· A1/B (bistatic): CW cancellation = CW2R pathloss + beam nulling + RF-IC suppression + BB/IF self-interference cancellation

Each of the parameters on the R.H.S of the above equations depends on wide variety of factors and can vary depending on the scenario (T1D1 or T2D2). For example, let’s consider spatial isolation capability. Spatial isolation can be achieved by potential shielding between the CWT signal and the received backscattered signal. This is relatively easier to do at the BS (D1T1) than at an intermediate UE (D2T2). Also, RF-IC suppression and BB/IF self-interference cancellation can also vary at the BS and at the intermediate UE. Note that BB/IF self-interference cancellation includes, for e.g., interference rejection combining and/or successive interference cancellation.
Another aspect to consider is whether the CW is a single-tone or multi-tone waveform. It may be relatively easier for the reader to cancel out CW interference when it’s a single-tone waveform than compared to when it’s a multi-tone waveform due to, for e.g., resulting intermodulation products associated with multi-tone waveform.
Yet another aspect to consider is that frequency shift applied by the device during backscattering may also greatly help to reduce the CW interference at the reader. 
Therefore, it is important for RAN1 to discuss and determine a model for CW interference cancellation considering the different scenarios (D1T1/D2T2-A1/A2/B), CW waveform (single-tone or multi-tone), and frequency shift applied by the device. The model can be discussed either in agenda item 9.4.1.1 or in agenda item 9.4.2.4. 
Observation 14 [bookmark: _Toc166257277]The reader's ability for CW cancellation can vary depending on whether the CW is a single-tone or multi-tone waveform.
[bookmark: _Toc166257287]Different values for CW interference cancellation can be considered for scenarios A2 (monostatic) and A1/B (bistatic).
[bookmark: _Toc166257288]Different values for CW interference cancellation capability can be considered for D1T1 and D2T2.
[bookmark: _Toc166257289]RAN1 to study CW interference cancellation modeling considering the different scenarios (D1T1/D2T2-A1/A2/B), CW waveform (single-tone or multi-tone), and frequency shift applied by the device.
[bookmark: _Toc166257290]RAN1 to study feasible range of values for CW interference cancellation for the different scenarios (D1T1/D2T2-A1/A2/B) and CW waveform (single-tone or multi-tone). 
4.2	CW interference to Ambient IoT reader
As discussed in Section 3, if both carrier wave and backscattered transmission are transmitted in the same a band, namely, there is no or a small frequency shift introduced, the received signal at a reader is a superposition of the direct signal from a CW node (interference from the perspective of backscattered signal) and the (desired) reflected signal from the backscattering device. The reader needs to decode the backscattered signals amid a potentially stronger (and interfering) carrier wave signal transmitted by the CW node.
Observation 15 [bookmark: _Toc158307111][bookmark: _Toc159248824][bookmark: _Toc166257278]If both carrier wave and backscattered transmission are transmitted in the same band, a reader needs to decode the backscattered signals amid a potentially stronger (and interfering) carrier wave signal transmitted by a CW node.
One way to make backscattered transmission robust against such interference is by physical layer backscatter modulation technique. The backscatter device modulates data by changing the state of its switch. In essence, this is equivalent to mixing the incident carrier wave with a square wave of frequency equal to the desired frequency shift for backscatter modulation. 
For example, let’s consider a single-tone carrier wave transmitted in a subcarrier. If a passive A-IoT device backscatters the carrier wave by shifting the frequency to the subcarriers at both sides of the CW’s subcarrier, as illustrated in Figure 5, a reader would receive the backscattered transmissions from the device in two subcarriers different from the CW subcarrier. It is the same to multi-tone carrier wave. Therefore, a frequency shift in the order of subcarriers, depending on frequency accuracy requirements, can mitigate the co-subcarrier interference. In addition, a good synchronization between the CW node and the reader needs to be ensured since the reader may need to estimate the frequency offset between the CW node and the reader and compensate for it. 
Observation 16 [bookmark: _Toc159248825][bookmark: _Toc166257279]If both carrier wave and backscattered transmission are transmitted in the same band, a frequency shift in the order of subcarriers, depending on frequency accuracy requirements, can mitigate the co-subcarrier interference. 
[bookmark: _Toc159248838][bookmark: _Toc166257291]RAN1 to study the CW node-to-reader interference handling, including backscatter modulation and synchronization between CWT and the reader.
5	Conclusion
In the previous sections we made the following observations: 
Observation 1	In fading channels with FSK, two-tone CW signal outperforms a single-tone CW signal for the backscattered signal.
Observation 2	In fading channels with FSK, for backscattering based on 2-hop single-tone signal, to exploit the benefits of frequency diversity, repetition on bit-level or packet-level is required.
Observation 3	Increasing the number of tones does not necessarily lead to a proportional reduction in spectrum utilization.
Observation 4	A multi-tone carrier wave signal distributes energy across multiple tones with each tone having less spectral energy compared to a single-tone carrier wave. Backscattered transmission corresponding to each tone of a multi-tone signal has reduced sidelobe levels.
Observation 5	Overall power per frequency contribution from the backscattered transmission of a dual-tone carrier wave might be almost similar to that of single-tone carrier wave.
Observation 6	CW generator can implement less complex designs employing baseband processing to reduce the hardware components, cost and size of the generator while still generating multi-carrier signals
Observation 7	Cases 1-1 and 1-2 where carrier wave is emitted by the gNB require a hardware modification in gNB (i.e., adding a receiver chain in a DL band for case 1-1 and adding a transmit chain in UL band for case 1-2), and gNB full-duplex capabilities with efficient self-interference cancellation to allow simultaneous transmission and reception.
Observation 8	For Cases 1-1 and 1-2 where carrier wave is emitted by the gNB, there needs to be a dense deployment of gNBs to illuminate the devices, which might be less cost-efficient than deploying external CW nodes.
Observation 9	For Cases 1-4, gNB transmits PRDCH in DL band and receives the backscattered transmission in UL band as in legacy FDD operation.
Observation 10	It is unclear whether the control of a CW node which is a UE by a reader (which is a gNB), would incur any signaling or data in physical layer, higher layer signaling or application layer.
Observation 11	Cases 2-2 and 2-4 require additional hardware complexities at the intermediate UE to support full duplex.
Observation 12	In Case 2-3, devices receive CW transmission and backscatter it in a DL band, which is different from Case 1-4. Supporting both Case 1-4 and Case 2-3 may require devices to differentiate the two topologies.
Observation 13	A drawback common for the cases without a large frequency shift between CW transmission and backscattered transmission is the direct interference from CW node to gNB.
Observation 14	The reader's ability for CW cancellation can vary depending on whether the CW is a single-tone or multi-tone waveform.
Observation 15	If both carrier wave and backscattered transmission are transmitted in the same band, a reader needs to decode the backscattered signals amid a potentially stronger (and interfering) carrier wave signal transmitted by a CW node.
Observation 16	If both carrier wave and backscattered transmission are transmitted in the same band, a frequency shift in the order of subcarriers, depending on frequency accuracy requirements, can mitigate the co-subcarrier interference.

Based on the discussion in the previous sections we propose the following:
Proposal 1	As part of the study of CW of more than two tones, RAN 1 to further study the benefits of multi-hop single tone CW compared to multiple tones CW.
Proposal 2	If a two-hop or a multi-hop single tone is used as the CW signal, it is required to further study the hopping periodicity and the need for packet repetition.
Proposal 3	RAN 1 to further study the different aspects affecting the selection of the CW signal, i.e., the bandwidth allocated to the A-IoT devices, multiple access, channel conditions, band deployment (in-band, out-of-band, guard band), backscatter modulation/detection assumptions, and interference mitigation techniques.
Proposal 4	Multi-tone signals can be implemented by the CW generators without significantly increasing the design complexity by choosing the appropriate design. This can be left to implementation.
Proposal 5	Prioritize case 1-4 for Topology 1. In case 1-4, study whether the control of a CW node which is a UE by a reader (which is a gNB), would incur any signaling or data in physical layer, higher layer signaling or application layer.
Proposal 6	RAN1 to study an additional case for Topology 1 with large frequency shift, where CW is transmitted from outside the topology and in a DL band, and backscattered transmission in an UL band.
Proposal 7	RAN1 to study an additional case for topology 2, where CW is transmitted from outside the topology and in a DL band, and D2R transmission is in an UL band.
Proposal 8	Different values for CW interference cancellation can be considered for scenarios A2 (monostatic) and A1/B (bistatic).
Proposal 9	Different values for CW interference cancellation capability can be considered for D1T1 and D2T2.
Proposal 10	RAN1 to study CW interference cancellation modeling considering the different scenarios (D1T1/D2T2-A1/A2/B), CW waveform (single-tone or multi-tone), and frequency shift applied by the device.
Proposal 11	RAN1 to study feasible range of values for CW interference cancellation for the different scenarios (D1T1/D2T2-A1/A2/B) and CW waveform (single-tone or multi-tone).
Proposal 12	RAN1 to study the CW node-to-reader interference handling, including backscatter modulation and synchronization between CWT and the reader.
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