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1. Introduction
RAN 1#116b has approved several points for further discussion, and the description is given as below [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


In this contribution, we will further discuss CW waveform characteristic, CW transmission and CW interference.  
2. CW waveform characteristic
1. 
2. 
[bookmark: _Hlk166091636]Unmodulated single-tone and multiple unmodulated single-tone have been agreed in RAN 1# 116 and #116b as candidate waveform for external CW. As shown in figure 1, device modulates baseband signal into single-tone or multi-tone, and backscatters D2R signal. Here, f* represents the frequency shift at device side. 
As we know, the product of CW and baseband signal in the time domain equals to the convolution of that in the frequency domain. Device only receives that CW has one or multiple frequency. However, there are some extra frequency components for baseband signal at device side, e.g., harmonic components and noise, etc. Thus, D2R signal will be a wideband signal with spectrum diffusion, which relates with baseband waveform at device side, modulation factors and noise.


Fig.1 Two agreed CW waveforms
Observation 1: Spectrum diffusion will be discovered for D2R signal under receiving unmodulated single-tone and multiple unmodulated single-tone.

Figure 2 analyzes self-interference and cross-link interference for AIoT systems. When CW transmitter and D2R signal receiver are separated, D2R signal receiver will receive interference signal from CW transmitter. Different interference suppression can be concluded as below [2]
· Passive suppression, e.g., antenna placement technology 47dB and antenna physical separation 30dB, 47dB+30dB=77dB
· Analog cancellation, e.g., extra cancellation circuit 45dB
· Digital cancellation, e.g., cancellation circuit based on channel estimation 10dB

Here, the total cancellation capability is 77dB+45dB+10dB=132dB, which is suitable for BS. To avoid ADC saturation at receiver side, the input interference power for ADC needs to be suppressed lower than saturated threshold of ADC. 

Observation 2: Passive suppression like antenna separation, analog cancellation and digital cancellation can suppress and reduce self-interference or CLI power.


Fig.2 Interference suppression (self-interference and CLI)

Characteristics like spectrum efficiency and reader complexity to suppression interference are different for agreed waveforms.
2.1 Unmodulated single-tone waveform
The performance comparison for single-tone waveform can be discovered in Table.I. For A1 and B scenarios, CLI from CW transmitter can be discovered when reader receives D2R signal. There is a higher interference suppression capability for A1 and B scenarios because of the received interference power reduced by pass loss from transmitter to receiver.
Table I The performance comparison for single-tone waveform
	Topology
	Interference Types
	Reader complexity
	Interference suppression capability

	
	
	w/ large frequency shift 
	w/o large frequency shift
	Hardware 
	Others

	A1: [image: ]
	Cross-link interference
	Low
No need for interference suppression
	High
Need for interference suppression
	>132dB for BS
	CW waveform design and power control

	A2: 
[image: ]
	Self-interference
	Low
No need for interference suppression
	High
Need for interference suppression
	132dB for BS
	CW waveform design and power control

	B:  
[image: ]
	Cross-link interference
	Low
No need for interference suppression
	High
Need for interference suppression
	>132dB for BS
	CW waveform design and power control



Observation 3: Higher interference suppression capability can be discovered for A1 and B scenarios under reader hardware capability. 
In addition, combined CW waveform design with device baseband waveform design maybe cancellate self-interference and CLI. As shown in figure 2, the periodicity of single-tone CW (s(t)) and periodic coding for bit 1 (B=1) and bit 0 (B=0) is exploited to cancel self-interference and CLI. However, synchronization between DR2 coding signal and single-tone CW should be maintained. This is difficult for device 1. We think device 2 may achieve this scheme if SFO can be smaller [3].  
[image: ]
Fig. 2 Device baseband waveform design combined with CW waveform
Observation 4: Baseband waveform design combined with CW waveform maybe cancellate self-interference and CLI.
Proposal 1: Discuss the feasibility of CW waveform design at CW node side combined with baseband waveform design at device side to suppress self-interference and CLI.

For D1T1-A, BS and device are all in indoor and CW is inside topology. As shown in figure 3, when reader sends CW to device, and will receive the reflection interference if reader is near indoor wall, which will impact the performance of D2R demodulation. One method to suppress interference is interference channel estimation. 


Fig.3 Reflection interference based on D1T1-A scenarios
Proposal 2: For D1T1-A, discuss the necessity of considering reflection interference when reader is near indoor wall.
Proposal 3: Discuss the necessity of interference channel estimation including CLI and reflection interference.

2.2 Multiple unmodulated single-tone without harmonic components
Two single-tone as baseline has been discussed in RAN 1#116b. If three single-tone is considered, there are some problems needed to discuss. As shown in figure 4, device receives three single-tone simultaneously, and modulates information bits into CW by frequency shift f*. The occupied frequency spectrum is more than six times of f* and reader can get more frequency diversity gain, e.g., 3dB diversity gain higher than that of two single-tone.


Fig.4 Three single-tone waveform without harmonic components
Observation 5: Three single-tone as CW waveform will achieve higher frequency diversity and occupy larger bandwidth for D2R signal.

2.3 Multiple unmodulated single-tone with harmonic components
In agenda 9.4.1.2, we have discussed different D2R baseband waveform based on Tx architectures. 
It is assumed that the received external CW wave is a one-tone signal with a frequency of f0, 


Here the magnitude is normalized to unity, and the initial phase is set to be 0. As shown in figure 4, when the switch is toggling between open and short at a constant frequency of , the resulting reflection coefficient Γ at the interface between the tag antenna and the loads can be represented as a square wave. Reflection coefficient Γ can be expressed by a series of sine items based on Fourier series

Thus, the D2R signal can be expressed as

Here, we can discover there are some harmonics at both side of frequency of f0 based on above equation. The backscatter signal Sbs in above equation contains undesired first order image signal, e.g., at the frequency of f0 − fbs (assuming f0+ is the desired frequency component), and higher order harmonics at the frequencies of f0 ±n (n = 3, 5, . . .) [4].

As shown in figure 5, 3rd harmonic components can be discovered in D2R signal. By calculating, we discover the power of image signal is 3.9dB smaller than received CW power (RSRP at device), and the power of 3rd and 5th harmonic signal are 9.5dB and 14dB than received CW power at device.

[bookmark: _Hlk166168854]When three single-tone is considered as CW waveform, the number of 3rd harmonic components is 6 and may impact on the out of band or spurious emission of NR UE.  


Fig.5 Three single-tone waveform with harmonic components
Observation 6: When three single-tone is considered as CW waveform, the number of 3rd harmonic components is 6 and may impact on the out of band or spurious emission of NR UE.

[bookmark: _Hlk166163523]Here, we conclude the performance comparison of single-tone/two single-tone/three single-tone. As shown in Table III, assuming every tone has same transmission power and all received by device. Two single-tone has a gain of 3dB higher than single-tone because of same transmission power in every tone. 
Table II Performance comparison of single-tone/two single-tone/three single-tone
	CW type
	Frequency Diversity Gain
	Spectrum Efficiency
	Maximum gap
	The number of 3rd harmonic

	single-tone
	0dB
	High
	>2BLF
	2

	two single-tone
	3dB
	Low
	>2BLF
	4

	three single-tone
	6dB
	Low
	>2BLF
	6



Observation 7: Two single-tone has a gain of 3dB higher than single-tone, and three single-tone has a gain of 3dB higher than single-tone.
Observation 8: Two single-tone and three single-tone has lower spectrum efficiency than single-tone.

Proposal 4: Discuss the feasibility of 3dB diversity gain as baseline when the number of single-tone is added.
Proposal 5: Two single-tone can be as baseline for future study and the number of tones should not be greater than 3.
2.4 Aliasing phenomenon analysis
Taking two single-tone as an example, as shown in figure 6, aliasing phenomenon will be generated when the center frequency of adjacent CW is close to each other and BLF is relatively large. Thus, appropriate interval and BLF should be set to avoid aliasing phenomenon.


Fig. 6 Aliasing phenomenon based on multi-tone CW
As shown in table II, to avoid aliasing gap with spectrum diffusion, the gap of adjacent CW should be at least 2BLF. However, because of spectrum diffusion for D2R signal, the gap needs to be further analyzed. For our understanding, 2BLF is at least to avoid aliasing. In addition, the impact of SFO at device side on gap needs to be considered.

Observation 9: Aliasing phenomenon will be generated when the center frequency of adjacent CW is close to each other and BLF is relatively large.
Proposal 6: 2BLF should at least be considered as the gap of adjacent CW tones to avoid aliasing for multiple single-tone.
Proposal 7: Consider the impact of SFO on the gap of adjacent CW tones.

3. CW transmission
CW transmission of AIoT system leads to spectrum regulation issue. According to the FL summary in RAN 1#116, the spectrum configuration of CW transmission has been discussed, and the agreed cases can be concluded as below
	· For topo 1, 
· Case 1-1: Inside CW (transmitted by BS), transmitted in DL spectrum
· Case 1-2: Inside CW (transmitted by BS), transmitted in UL spectrum
· Case 1-4: Outside CW (transmitted by standalone CW node), transmitted in UL spectrum
Notes: the above cases can be illustrated by the following figure 2.2-1 [13].
	Case 1-1
	Case 1-2
	

	[image: ]
	[image: ]
	[image: ]

	
	Case 1-4
	

	
	[image: ]
	


Figure 2.2-1 CW transmission for topo 1
· For topo 2, 
· Case 2-2: Inside CW (transmitted by UE), transmitted in UL spectrum
· Case 2-3: Outside CW(transmitted by standalone emitter), transmitted in DL spectrum
· Case 2-4: Outside CW(transmitted by standalone emitter), transmitted in UL spectrum
Notes: the above cases can be illustrated by the following figure 2.2-2 [13].
	
	Case 2-2
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	Case 2-3
	Case 2-4
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Figure 2.2-2 CW transmission for topo 2


Observation 10: From above illustrations, it can be discovered that the D2R spectrum is same as CW spectrum whatever topology 1 or 2.  
Proposal 8: Clarify the D2R frequency spectrum in given cases according to CW transmission spectrum.
For case 1-2, gNB as CW source send CW to device in UL spectrum. Then, D2R signal is sent in same UL spectrum, which may conflict the regulatory restraints. Meanwhile, full-duplex should be supported in this case. In addition, when gNB receives the D2R signal in UL spectrum, D2R signal may be interfered by NR UL UE signal in same spectrum. It is not necessary to regulate the same UL spectrum to transmit and receive for case 1-2. Thus, case 1-2 should be further discussed its function and feasibility.
Observation 11: Case 1-2 may consider the spectrum restraints and coexistence interference in same UL spectrum.  
Proposal 9: Further discuss case 1-2 and consider to down select this case.
For case 2-3, UE receives the D2R signal in DL spectrum and CLI from outside CW node in same DL spectrum. UE needs to support full-duplex capability and cancel the CLI, and other coexistence interference due to the same DL signal from gNB may be received by UE. It is not necessary to regulate the same UL spectrum to transmit and receive for case 2-3. Thus, case 2-3 should be further discussed its function and feasibility.
Observation 12: Case 2-3 may consider the spectrum restraints and coexistence interference in same DL spectrum.  
Proposal 10: Further discuss case 2-3 and consider to down select this case.
4. Conclusion
In this contribution, we provide our views on the waveform characteristics of external CW for AIoT. The observations and proposals are listed as below:
Observation 1: Spectrum diffusion will be discovered for D2R signal under receiving unmodulated single-tone and multiple unmodulated single-tone.
Observation 2: Passive suppression like antenna separation, analog cancellation and digital cancellation can suppress and reduce self-interference or CLI power.
Observation 3: Higher interference suppression capability can be discovered for A1 and B scenarios under reader hardware capability. 
Observation 4: Baseband waveform design combined with CW waveform maybe cancellate self-interference and CLI.
Observation 5: Three single-tone as CW waveform will achieve higher frequency diversity and occupy larger bandwidth for D2R signal.
Observation 6: When three single-tone is considered as CW waveform, the number of 3rd harmonic components is 6 and may impact on the out of band or spurious emission of NR UE.
Observation 7: Two single-tone has a gain of 3dB higher than single-tone, and three single-tone has a gain of 3dB higher than single-tone.
Observation 8: Two single-tone and three single-tone has lower spectrum efficiency than single-tone.
Observation 9: Aliasing phenomenon will be generated when the center frequency of adjacent CW is close to each other and BLF is relatively large.
Observation 10: From above illustrations, it can be discovered that the D2R spectrum is same as CW spectrum whatever topology 1 or 2.  
Observation 11: Case 1-2 may consider the spectrum restraints and coexistence interference in same UL spectrum.  
Observation 12: Case 2-3 may consider the spectrum restraints and coexistence interference in same DL spectrum.  

Proposal 1: Discuss the feasibility of CW waveform design at CW node side combined with baseband waveform design at device side to suppress self-interference and CLI.
Proposal 2: For D1T1-A, discuss the necessity of considering reflection interference when reader is near indoor wall.
Proposal 3: Discuss the necessity of interference channel estimation including CLI and reflection interference.
Proposal 4: Discuss the feasibility of 3dB diversity gain as baseline when the number of single-tone is added.
Proposal 5: Two single-tone can be as baseline for future study and the number of tones should not be greater than 3.
Proposal 6: 2BLF should at least be considered as the gap of adjacent CW tones to avoid aliasing for multiple single-tone.
Proposal 7: Consider the impact of SFO on the gap of adjacent CW tones.
Proposal 8: Clarify the D2R frequency spectrum in given cases according to CW transmission spectrum.
Proposal 9: Further discuss case 1-2 and consider to down select this case.
Proposal 10: Further discuss case 2-3 and consider to down select this case.
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