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1. Introduction
In RAN #116bis meeting, the following agreements have been reached for the study on the design of carrier wave [1].
	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


Based on the progress of the last meeting, we focus on the waveform, spectrum of CW and provide some consideration on the control of CW node.
2. Consideration on multiple single-tone CW waveform
[bookmark: _Hlk165975409]In the last meeting, it has been agreed that multiple unmodulated single-tone is studied compared to single-tone for D2R backscattering. But some detailed configurations for multiple single-tone itself e.g., the number of tones in addition to two and the gap between tones still need to be studied. Besides, the comparison between multiple single-tone and single tone is required as well. Given that, we provide our analysis on multiple single-tone CW signals from the following perspectives.
2.1. Comparison between multiple single-tone and single tone CW
In this section, we will discuss the comparison between single tone CW and multiple single tone CW from perspectives including D2R reception performance, spectrum utilization, CW interference suppression, and complexity on CW generation.
The waveform of carrier wave is agnostic to AIoT devices, they will perform the same impedance switching to generate backscattered signal on the carrier waveform regardless the CW is single tone or multiple single tone. Hence, single tone or multiple single-tone does not have any impact on harmonized design on AIoT device. Besides, the backscattered transmission does not require additional power consumption and complexity at IoT device side.
[bookmark: _Ref166262606]Observation 1: The CW waveform is agnostic to AIoT devices
· There is no additional power consumption and complexity at AIoT device side by adopting multiple single-tone CW compared to single tone CW.
In the following, we will discuss the comparison between single tone CW and multiple single tone CW from perspectives including D2R reception performance, spectrum utilization, CW interference suppression, and complexity on CW generation.
· D2R reception performance and spectrum utilization
Single tone transmission may suffer from frequency selective fading in NLOS channel. To overcome the frequency selectivity, multiple single-tone CW can be used for frequency diversity. To check the D2R reception performance by different CW waveform, we conduct link level simulation, assuming TDL-A channel with 100 ns delay spread, and the ‘cw-interval-30’ means that the multi-tone in frequency is separated with 30 times BLF (backscatter link frequency). And the detail simulation parameters assumption can be found in Appendix A. As shown in Figure 1, 3dB additional performance gain can be achieved compared with single tone CW, under the assumption of transmitter generate multi-tone(e.g. two single tone) with normalized power, which was same as single tone power. Besides, ideal suppression of the multi-tone interference using FFT method also be assumed. 

[image: ]
[bookmark: _Ref166073641]Figure 1 Performance comparison of backscattered signal by using single tone CW and multiple single tone CW
Additionally, to obtain the frequency diversity by multiple single-tone CW, larger system bandwidth should be allocated for AIoT transmission. For a minimum AIoT transmission with 180kHz system bandwidth, it is difficult to adopt multiple single tone-CW actually. While if deployed with around 1MHz system bandwidth, there is enough application space for multiple single-tone CW,for example, two single-tone with 5kbps date rate with 30 times frequency separate between the two tones, then frequency diversity can be achieved in NLOS channel condition, such as TDL-A NLOS with 100 ns delay spread, according to Figure 1. Since AIoT transmission may hardly co-exist with legacy NR transmission in the same band at indoor scenario according to our evaluation [2], hence, ~1MHz BW or even larger BW for AIoT transmission can be expected. In this sense, the system bandwidth for AIoT would be sufficient to adopt multiple single tone as CW waveform. In case there is less or no FDMed D2R transmissions from different devices, use single tone CW cannot improve the spectrum utilization given the challenges for /A-IoT system to co-exist with NR system for inband operation. For such case, use multiple single tone can improved the spectrum utilization and improved the D2R reception performance.
[bookmark: _Ref166262609]Observation 2: Around 3dB performance gain for backscattered link can be achieved by using two single-tone CW compared to the usage of single tone CW.
[bookmark: _Ref166262611]Observation 3: The number of CW tone is related to the system bandwidth, e.g., if the system bandwidth is around 1MHz, there may only allow transmit two single-tone CW with AIoT device with 5kbps data rate.
[bookmark: _Ref166262613]Observation 4: ~1MHz BW or even larger BW for maximum AIoT BW can be expected, which facilitate reader to adopt multiple single-tone CW. 
· In case there is less or no FDMed D2R transmissions from different devices, use single tone CW cannot improve the spectrum utilization given the challenges for /A-IoT system to co-exist with NR system for inband operation. For such case, use multiple single tone can improved the spectrum utilization and improved the D2R reception performance.

· CW interference suppression at D2R receiver
According to discussion in [3], following methods are considered for self-interference cancellation for single tone CW. 
· Spatial isolation between Tx and Rx antenna
· Circulator or directional coupler
· RF domain CW leakage re-construction and cancelation
· BPF to isolate CW frequency
The above methods can also be applied to multiple single-tone CW interference suppression. However, the amount of interference suppression may be different for single tone CW and multiple single-tone CW.
For spatial isolation and circulator/directional coupler methods, the same amount of interference suppression can be assumed since the isolation and suppression of CW interference does not target for a certain CW frequency or the number of CW frequency. 
For RF domain CW leakage re-construction and cancelation method, the cancellation circuits control the amplitude of local signal to be close with the amplitude of CW leakage, and control the phase of local signal to be opposite to the phase of CW leakage. Thus, the CW interference can be largely suppressed if the values of amplitude and phase of CW leakage can be accurately set. For multiple single-tone CW e.g., two single-tone CW, two set of {amplitudes, phases} should be estimated and set to suppress the CW interference on the corresponding two frequencies. From the transmitter perspective, the initial phase of the two frequencies can be calibrated, so estimating the phase of CW on two tones may not be necessary. To reduce reader complexity, the amplitudes for the two frequencies can be the same. However, the frequency response to different CW frequency tones may be different, additional circuitry may be needed to estimate and re-construct the amplitude of CW leakage in the second frequency tone. 
For the method of using BPF to isolate leakage in CW frequency, it can be performed after down-conversion at receiver, the CW leakage of the single tone CW is converted to DC components and can be isolated by BPF. For multiple single-tone CW, several filter may be needed to isolate the single tone components in different frequencies, according to [4]. 
[bookmark: _Ref166262615]Observation 5: Whether multiple single-tone CW leads to additional CW interference complexity at D2R receiver depends on the methods used for CW interference suppression. 
· For CW interference suppression through spatial isolation and circulator/directional coupler, the same amount of interference suppression can be achieved without additional complexity.
· For CW interference suppression through RF domain CW leakage re-construction and cancelation, additional circuitry may be needed to estimate and re-construct the amplitude of CW leakage.
· For CW interference suppression through BPF, a set of BPF are needed to isolate the CW frequencies in multiple frequency tones.
· Relative complexity of CW generation
For generation of single tone CW, it can be generated by up conversion of a constant baseband sequence. For multiple single-tone CW, it can be firstly generated in baseband. The baseband signal is generated by combine multiple baseband signals with certain gap between frequency tones. Then, the baseband signal is up converted to radio frequency. 
Hence, the complexity of generation of the multiple single-tone CW is much lower compared with OFDM signal generator. From transmitter perspective, the difference on complexity of transmitter for single tone and multiple single-tone is marginal.
[bookmark: _Ref166262616]Observation 6: 
· The complexity of generation of the multiple single-tone CW is much lower compared with OFDM signal generator. 
· From transmitter perspective, the difference on complexity of transmitter for single tone and multiple single-tone is marginal.
Based on the discussion above, the comparison of the single tone CW and multiple single-tone CW is provided in the following Table 1.
[bookmark: _Ref163197262]Table 1 Comparison between single tone CW and multiple single tone CW
	Waveforms of CW
	Unmodulated Single tone
	Multiple unmodulated single-tone

	D2R reception performance
	Suffered from deep fading in frequency
	Frequency diversity can be achieved

	Spectrum utilization
	Equivalent to Occupied BW for D2R
	Multiples of occupied BW for D2R compared with that for single tone CW

	CW interference suppression at D2R receiver
	Baseline interference suppression methods including
· Spatial isolation between Tx and Rx antenna
· Circulator or directional coupler
· RF domain CW leakage re-construction and cancelation
· BPF to isolate CW frequency
	Following Methods also applicable to multiple single-tone CW.
· Spatial isolation between Tx and Rx antenna
· Circulator or directional coupler
Additional complexity introduced if following methods are used for CW interference cancellation
· RF domain CW leakage re-construction and cancelation: 
· BPF to isolate CW frequency

	Relative complexity of CW generation 
	Low
	Low


[bookmark: _Ref166262625]Proposal 1: Adopt Table 1 in R1-2404182 for the comparison between single tone CW and multiple single-tone CW.
2.2. Number of tones
The number of multiple tones may impact the performance gain of the D2R signal, transmission & occupied BW (Bocc,D2R  and Btx,D2R) of the D2R transmission, and complexity of CW interference suppression.
Ideally the better performance can be achieved with more frequency tones for CW due to frequency diversity. However, it may also lead to higher complexity on CW interference suppression or reduced detection performance due to reduced performance on CW suppression. The performance gain of D2R does not necessarily increase with a greater number of tones. Hence, the number of tones for CW transmission should strike balance between frequency diversity and complexity of CW interference suppression. Besides, more occupied BW is required for D2R with more frequency tones. The number of tones is restricted by the system BW of the AIoT deployment. Two CW tones can be considered as suitable number of CW tones, which can achieve frequency diversity while additional complexity of CW interference suppression can be kept as low as possible.
[bookmark: _Ref166262617]Observation 7: 
· The performance gain of D2R does not necessary increase with a greater number of tones. 
· The number of tones for CW transmission should strike balance between frequency diversity and complexity of CW interference suppression.
[bookmark: _Ref166262627]Proposal 2: Two CW tones can be considered as suitable number of CW tones, which can achieve frequency diversity while require limited additional complexity increase of CW interference suppression.

2.3. Gap between tones
For single tone CW, the spectrum of backscatter signal is generated at both sides of CW frequency. The occupied frequency resource for D2R transmission is determined by the backscatter link frequency (where BLF =1/(2*chip length), aka., frequency shift) and transmission  BW of the D2R backscatter signal. The spectrum of the backscatter signal is composed of main sidelobes and several harmonic components, main sidelobe should be kept to detect the backscatter signal.
For two single-tone CW, overlapping between spectrum of D2R signal and CW frequency should be avoided to facilitate interference suppression on CW frequency. Hence, the gap between two frequency tones should be properly set to cover two main sidelobes. As shown in Figure 2, the gap should cover at least 2*frequency shift and BW of main sidelobe.


[bookmark: _Ref166137121]Figure 2 Frequency gap between two tones for two tone CW
Besides, the gap between frequency tones for multiple tone CW should be properly set to achieve diversity gain, i.e., BW of 2*BLF+ BW of main sidelobe should be sufficient to achieve frequency diversity. For small frequency shift with several tens of kHz and BW of main sidelobe with a few tens of kHz, the minimum gap of 2*frequency shift + BW of main sidelobe may not sufficient to achieve frequency diversity. Larger gap between the two frequency tones can be set subject to system bandwidth for AIoT deployments.
[bookmark: _Ref166262628]Proposal 3: The gap between two frequency tones should be properly set to achieve at least following: 
· Good interference suppression, the gap should be able to cover two main sidelobes, i.e., at least 2*frequency shift plus BW of main sidelobe.
· Good frequency diversity gain subject to the total BW allocated for AIoT.
2.4. Frequency hopping of single tone CW
In previous meeting, frequency hopping for single tone CW is also proposed to achieve frequency diversity for D2R transmission. Different from multiple single tone CW which are transmitted simultaneously, single tone CW is transmitted at a time and the single tone CW can hop among different frequency locations in different time. Consequently, frequency hopping of the D2R transmission can be achieved by the CW frequency hopping, and interference suppression is less complicated compared with multiple single tone CW.
However, to achieve frequency diversity on D2R transmission based on CW frequency hopping, some preconditions on D2R transmission should be fulfilled. Typically, replicas of the same information should be transmitted on different frequencies to achieve the frequency diversity, replica/redundancy of the same information is generated either through simply repetition or channel coding. For example, frequency hopping can be performed on different PUSCH repetitions. For single PUSCH transmission w/o repetition, intra-slot frequency hopping can be used to achieve the frequency hopping, and for this case, the replica/redundancy of the D2R transmission is generated by channel coding with interleaving. 
For D2R transmission w/o channel coding, the frequency diversity gain can only be achieved through TB level repetition, as shown in Figure 3(a). For D2R transmission w/ channel coding, most likely the coding scheme is convolutional code with limited number of shift registers, if supported, the memory depth of the coding scheme is limited. Besides, interleaving of the convolutional code may not be feasible due to restricted by power consumption and complexity. For the case TB with convolutional code and w/o interleaving, as shown in Figure 3(b), if the encoded bits in first hop suffer from burst errors, these bits cannot be recovered by bits transmitted in another frequency hop which have no correlation with the bits suffered from burst error. In this case, the frequency diversity gain cannot be achieved. Hence, TB level repetition of the PDRCH should also be used together with the CW frequency hopping to achieve frequency diversity.


[bookmark: _Ref166143081]Figure 3 Frequency hopping schemes for D2R transmission with CW frequency hopping
[bookmark: _Ref166262620]Observation 8: For D2R transmission w/o channel coding, the frequency diversity gain can only be achieved through TB level repetition.
[bookmark: _Ref166262621]Observation 9: For D2R transmission w/ convolutional code and w/o interleaving, the frequency diversity gain can only be achieved through TB level repetition.

3. [bookmark: _Ref115156542]Spectrum of CW transmission
In RAN1#106, following agreements are made on frequency spectrum of CW wave.
	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


Besides, in the last meeting, companies have discussed the CW transmission cases by considering at least the following aspects.
· Capability/complexity at D2R receiver side
· CW interference type at D2R receiver side (e.g., self-interference or CLI) 
For Capability/complexity at D2R receiver side, following aspects should be considered, which may require additional capability compared with legacy gNB/UE.
· Whether gNB/UE needs to support full-duplex capability for inside CW transmission
· Whether gNB need to support reception on DL spectrum or whether UE need to support reception on UL spectrum.
· Interference type at D2R receiver side 
The CW can be transmitted in the same node as the D2R receiver or in a different node from the D2R receiver. When the CW is transmitted inside the topology and CW is transmitted in the same node as the D2R receiver, the receiver sensitivity depends on the RFIC capability, if CW source and the receiver for backscatter signal is the same node, which may degrade the receiver sensitivity if self-interference cancellation is not well performed.
If CW is transmitted outside topology or if CW source, or the receiver for backscatter signal are different nodes, CW interference is converted to cross link performance, which are largely degraded compared with self-interference, resulting simpler interference suppression capability or better detection performance.
For interference types other than CW interference, e.g., NR transmission aggressor and AIoT victim or AIoT aggressor, AIoT victim, belongs to co-existence study. These co-existence issues may or may not lead to remarkable problems for the CW transmission cases. Since RAN4 will perform co-existence evaluation on these interferences, observations obtained through qualitative analysis in RAN1 would be premature. Further comparison and down-selection of the CW transmission cases can be considered after observations from RAN4 co-existence evaluation are ready.
[bookmark: PP4]Proposal 4: For interference types other than CW interference, e.g., NR transmission aggressor and AIoT victim or AIoT aggressor AIoT victim, which belongs to co-existence study, can be left to RAN4 co-existence evaluation.
· Further comparison and down-selection of the CW transmission cases can be considered after observations from RAN4 co-existence evaluation are ready.
Based on the discussion above, we summarize the pros and cons for each case for CW transmission in Table 2
[bookmark: _Ref162873939]Table 2 Summary of Pros and cons for cases for CW transmission
	Cases
	Capability/complexity at D2R receiver side
	Interference type at D2R receiver side

	Case 1-1: T1/inside/DL
	1) FDD gNB needs to support full-duplex capability in DL if CW tx node is same as D2R reception node
2) gNB need to support reception in DL spectrum
	1) Self-interference (SI)
CW Self-interference in FDD DL spectrum if CW tx node is same as D2R reception node

2)	CW cross-link interference (CLI)
CW Cross link interference in FDD DL spectrum if CW tx node is different from D2R reception node 


	Case 1-2: T1/inside/UL
	1) FDD gNB needs to support full-duplex capability in UL if CW tx node is same as D2R reception node
2) gNB reception in UL spectrum as legacy.

	1) Self-interference (SI)
CW Self-interference in FDD UL spectrum if CW tx node is same as D2R reception node

2) CW cross-link interference (CLI)
CW Cross link interference in FDD UL spectrum if CW tx node is different from D2R reception node 


	Case 1-4: T1/outside/UL
	1) Full duplex capability is not required
2) gNB reception in UL spectrum as legacy.
	1) CW cross-link interference (CLI)
CW Cross link interference in FDD UL spectrum from CW source outside topology
 

	Case 2-2: T2/inside/UL
	1) UE needs to support and operate in full-duplex mode if CW tx node is same as D2R reception node
2) UE need to support reception in UL spectrum.
	1) Self-interference (SI)
CW Self-interference in FDD UL spectrum if CW tx node is same as D2R reception node

2) CW cross-link interference (CLI)
CW Cross link interference in FDD UL spectrum if CW tx node is different from D2R reception node 


	Case 2-3: T2/outside/DL
	1) Full duplex capability is not needed for UE for AIoT transmission.
2) UE reception in DL spectrum as legacy.

	1) CW cross-link interference (CLI)
CW Cross link interference in FDD DL spectrum from CW source outside topology


	Case 2-4: T2/outside/UL
	1) Full duplex capability is not needed for UE for AIoT transmission.
2) UE requires to support reception in UL spectrum.
	1) CW cross-link interference (CLI)
CW Cross link interference in FDD UL spectrum from CW source outside topology



[bookmark: _Ref159255581][bookmark: _Ref162968396][bookmark: _Ref166262630]Proposal 5: Adopt Table 2 of R1-2404182 for comparison of different CW transmission cases.

4. Consideration on the CW control for the CW node
In RAN #103 meeting, the following clarification for the work scope of CW study in Rel-19 ambient IoT has been agreed. 
	· Revised SID in RP-240826
· Following clarifications on the work scope of Rel-19 ambient IoT have been agreed
· Refer to RP-240854 for additional details
	Proposal 3v2
· 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 basestation.
· 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





And in the last meeting, some discussion has been revolved around the topic of CW control for the CW node. Accordingly, we provide some analyses on the control for the CW nodes. In general, timing, transmission Power, frequency resources, spectrum, frequency hopping patterns of CW etc. parameters can be considered to be adjusted through the control for the CW nodes. For example, for the timing of CW transmission, the basic things need to be controlled for CW node are when CW is transmitted or not transmitted. Besides, the CW transmission duration also needs to be managed to provide enough time for AIoT device to do backscattering once it receives a certain R2D command. In this sense, how to control the CW node and if there is any specification impact caused by the CW control for the CW node for different topologies needs to be carefully studied. For topology 1 with gNB as the CW node, it can be up to gNB implementation to control and adjust CW characteristics, so no spec impact can be seen. And for topology 1 with the CW node outside, maybe gNB can achieve the CW node via backhaul link, thus it can also up to gNB implementation to control CW node. Besides, for topology 2 and CW is transmitted by UE inside topology, the control for the CW transmission is up to UE internal implementation based on the time/frequency resources for A-IoT operation allocated by gNB. For topology 2 with outside CW node, it seems gNB implementation to do CW control will also be the way.
[bookmark: _Ref162968376]Observation 10: For the case that the CW node is outside topologies (both for topology 1 and 2), the control of the CW node can be achieved by gNB implementation.
Additionally, for topology 1 with the CW node outside topology, we think the case that UE plays the role of CW node without R2D transmission or D2R reception, should not be considered. Since, UE would be scheduled to perform CW transmission, while agnostic to the traffic it is involved in and in addition interrupts UE’s current communication, the use case should be justified first. That is to say, UE can be a potential CW node only when it makes communication with AIoT device. 
[bookmark: _Ref162968404]Proposal 6: Not support UE to be the CW node with neither R2D transmission nor D2R reception with AIoT device.
5. Conclusion
In this contribution, we provide our views on CW waveform and interference handling at AIoT UL receiver. The observations and proposals are summarized as follows.
Observation 1: The CW waveform is agnostic to AIoT devices
· There is no additional power consumption and complexity at AIoT device side by adopting multiple single-tone CW compared to single tone CW.
Observation 2: Around 3dB performance gain for backscattered link can be achieved by using two single-tone CW compared to the usage of single tone CW.
Observation 3: The number of CW tone is related to the system bandwidth, e.g., if the system bandwidth is around 1MHz, there may only allow transmit two single-tone CW with AIoT device with 5kbps data rate.
Observation 4: ~1MHz BW or even larger BW for maximum AIoT BW can be expected, which facilitate reader to adopt multiple single-tone CW. In case there is less or no FDMed D2R transmissions from different devices, use single tone CW cannot improve the spectrum utilization given the challenges for /A-IoT system to co-exist with NR system for inband operation. For such case, use multiple single tone can improved the spectrum utilization and improved the D2R reception performance.
Observation 5: Whether multiple single-tone CW leads to additional CW interference complexity at D2R receiver depends on the methods used for CW interference suppression.
· For CW interference suppression through spatial isolation and circulator/directional coupler, the same amount of interference suppression can be achieved without additional complexity.
· For CW interference suppression through RF domain CW leakage re-construction and cancelation, additional circuitry may be needed to estimate and re-construct the amplitude of CW leakage.
· For CW interference suppression through BPF, a set of BPF are needed to isolate the CW frequencies in multiple frequency tones.
Observation 6:
· The complexity of generation of the multiple single-tone CW is much lower compared with OFDM signal generator. 
· From transmitter perspective, the difference on complexity of transmitter for single tone and multiple single-tone is marginal.
Observation 7:
· The performance gain of D2R does not necessary increase with a greater number of tones. 
· The number of tones for CW transmission should strike balance between frequency diversity and complexity of CW interference suppression.
Observation 8: For D2R transmission w/o channel coding, the frequency diversity gain can only be achieved through TB level repetition.
Observation 9: For D2R transmission w/ convolutional code and w/o interleaving, the frequency diversity gain can only be achieved through TB level repetition.
Observation 10: For the case that the CW node is outside topologies (both for topology 1 and 2), the control of the CW node can be achieved by gNB implementation.
Proposal 1: Adopt Table 1 in R1-2404182 for the comparison between single tone CW and multiple single-tone CW.
Proposal 2: Two CW tones can be considered as suitable number of CW tones, which can achieve frequency diversity while require limited additional complexity increase of CW interference suppression.
Proposal 3: The gap between two frequency tones should be properly set to achieve at least following:
· Good interference suppression, the gap should be able to cover two main sidelobes, i.e., at least 2*frequency shift plus BW of main sidelobe.
· Good frequency diversity gain subject to the total BW allocated for AIoT.
Proposal 4: For interference types other than CW interference, e.g., NR transmission aggressor and AIoT victim or AIoT aggressor, AIoT victim, belongs to co-existence study, can be left to RAN4 co-existence evaluation.
· Further comparison and down-selection of the CW transmission cases can be considered after observations from RAN4 co-existence evaluation are ready.
Proposal 5: Adopt Table 2 of R1-2404182 for comparison of different CW transmission cases.
Proposal 6: Not support UE to be the CW node with neither R2D transmission nor D2R reception with AIoT device.
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[bookmark: Appendix]Appendix A: Evaluation assumptions for multiple single tone CW
The following Table provides the LLS assumption for multiple single tone CW.
 Table 错误!未指定顺序。 The LLS assumption for multi-tone carrier wave 
	Parameter
	Value

	CW type 
	multi-tone signal
(unmodulated sinusoid in two frequencies)

	data size
	96 bits

	Modulation 
	OOK

	Channel type
	TDL-A NLOS

	Delay spread
	100 ns

	BLF (backscatter link frequency)
	40 kHz

	CW in frequency interval-30
	1.2 MHz
Note: this item means that the two tone is separated with 30 times BLF in frequency domain

	Coding method
	Miller-8

	Scenario
	mono-static (D1T1-A2)

	Interference
	The CW interference signal power is larger 40 dB than backscatter signal power
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-


tone is studied compared to single


-


tone in R19 SI.


 


·


 


Two unmodulated single


-


tones as a starting point


 


o


 


FFS: Other number of tones


 


o


 


FFS: how large gap is needed between tones


 


 


Agreement


 


For CW waveform 


for D


2R 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 


 


o


 


Reception perfo


rmance


 


o


 


Spectrum utilization of backscattered signal corresponding to the CW waveforms


 


·


 


CW interference suppression at D2R receiver


 


o


 


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


 


o


 


F


or


 


scenarios ’A1’, ’A2’ and ’B’


 


·


 


Relative complexity


 


of CW generation


 


Based on


 


the progress


 


of


 


the last meeting


, we focus on the


 


waveform, spectrum of CW and provide some consideration on 


the control of CW nod


e


.


 


2.


 


Consideration on multiple single


-


tone


 


CW waveform


 


In 


the last meeting, it has been agreed that 


multiple unmodulated single


-


tone is studied compared to single


-


tone


 


for D2R 


backscattering.


 


But some detail


ed


 


configurations for multiple single


-


tone itself e.g., 


the 


number of tones 


in addition to


 


two 


and the gap between tones still need to be studied. Be


sides, the comparison between multiple single


-


tone and single tone 


is required as well. Given that, 


we provide our analysis on


 


multi


ple single


-


tone


 


CW


 


signals


 


from the following perspectives


.


 


2.1.


 


Comparison between multiple single


-


tone and single to


ne CW


 


In th


is section, we will discuss the comparison between single tone CW and multiple single tone CW from perspectives 


including D2R


 


r


eception


 


performance, spectrum utilization, CW interference suppression, and complexity on CW 


generation.


 


T


he waveform of carrier


 


wave is agnostic to AIoT devices, 


they will


 


perform the same impedance switching 


to generate 


backscatter


ed


 


signal 


on the carrier waveform regardless 


the CW


 


is 


single tone


 


or multiple single tone


. Hence, single tone 


or multiple single


-


tone does not have 


a


ny 


impact on 


harmonized design 


on


 


AIoT device.


 


Besides


, the backscatter


ed


 


transmission does not require additional power consumption and complexity at IoT device side.


 


Observation


 


1


:


 


The 


CW 


waveform


 


is agnostic to AIoT devices


 


-


 


There is no


 


additional power consumption and complexity at AIoT device side


 


by adopting multiple single


-


tone 


CW


 


compared to single tone CW


.
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