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1. Introduction
In RAN #116 meeting, the following agreements have been reached for the study on the design of carrier wave [1].
	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
[bookmark: _Hlk162429387]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


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, followed by the interference handling discussion.
2. Waveform of Carrier Wave
In the last meeting, it has been agreed that at least single-tone unmodulated sinusoid waveform is a candidate waveform for carrier wave (CW) for D2R backscattering. Besides, multi-tone waveforms for carrier wave can also be studied. In the following, we provide our feasibility analysis on two kinds of multi-tone CW signals: 
· Two unmodulated sinusoid waveforms in two frequency tones
· NR OFDM signal
The frequency domain PSD and time domain waveforms of backscattered signals on the basis of these two CW signals are provided to show the feasibility of interference cancellation capability in frequency domain for the Mono-static scenario. Detection performance based on OOK modulation of these two waveforms are also provided.
· Two unmodulated sinusoid waveforms in two frequency tones
If two unmodulated sinusoid waveforms are transmitted in two frequency tones, frequency diversity can be achieved under frequency selective channel conditions. The frequency domain diversity signal is shown below.
[image: ]
[bookmark: _Ref162892873]Figure 1 The frequency spectrum of AIoT BSC signal using two single tone CWs in baseband
The spectrum of backscatter signal on two-tones CW is shown in the Figure 1, the backscatter signal is also separated in the frequency domain. The blue line is the spectrum of backscattered signal of the first carrier wave on first frequency tone, the brown line is the spectrum of backscattered signal of the second carrier wave on second frequency tone. The receiver detect the corresponding time-domain waveforms after suppressing the self-interference or cross-link interference. We provide simulation results to investigate the benefits of two tone CW, and evaluation assumptions are provided in Table 1.   
[bookmark: _Ref162892903]Table 1 The LLS assumption and value with multi-tone carrier wave type
	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
	1.2MHz

	Coding method
	Miller-8

	Scenario
	mono-static 

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



[image: ]
[bookmark: _Ref162893052]Figure 2 The frequency diagram of AIoT BSC signal
From the  Figure 2, we can see that the detection performance of backscatter signal based on CW on two frequency tones can achieve about 3dB gain over that based on the single tone CW signal, since spectrum of the former backscattered signal is modulated to wider frequency BW. 
However, the receiver side need more complex method to suppression the multi-tone interference, which need a trade-off between the performance and the receiving complex.
For the successful decoding by the receiver, the frequency interval between two tones can be properly set to accommodate the desired sidelobes for detection.  If the frequency interval is small between the two CW, it will result in the sidelobes of backscatter signal from the two frequency tones overlapped in the frequency, this will cause the performance degradation. Therefore, the frequency interval of the CW signal needs to be studied further.
[bookmark: _Ref163150844]Observation 1: The frequency interval between two unmodulated frequency tones needs to be further studied from performance and spectrum efficiency perspectives.
[bookmark: _Ref162968374]Observation 2: The performance of multiple tone signal (two frequency diversity signal) as CW signals is around 3dB better than single-tone signal as CW signal. 
[bookmark: _Ref163150890]Proposal 1: Two unmodulated sinusoid waveforms in two frequency tones can be considered as carrier wave for backscatter transmission.
For self-interference cancellation for two unmodulated sinusoid waveforms in two frequency tones, the interference cancellation method discussed in section 5.2 can also be used. For self-interference cancellation circuit, discussed in section 5.2.3, the phase and amplitude of the two-tone signal coupled from transmitter is adjusted by the controller and combined with received CW signal to suppress the CW interference strength to LNA. Besides, analog baseband filter can also be employed after mixer to further suppress the two frequency tones.
· Wideband OFDM for CW
OFDM signal is widely used in cellular network, and we investigate the feasibility of using NR OFDM signal as carrier waveform for backscatter transmission. The key point for feasibility study is to justify the feasibility of CW interference suppression for the CW waveform. For single tone CW or two-tone CW, the self-interference can be easily suppressed due single tone characteristics and isolated from the desired spectrum of the backscatter signal.
For OFDM based CW, the spectrum of the backscatter signal based on wideband OFDM signal is also provided to study the feasibility of self-interference cancellation.
[image: ]
[bookmark: _Ref158208588]Figure 3 The spectrum of wideband self-interference and backscatter signal
As shown in Figure 3, it can be observed that the self-interference signal and backscattered signal are overlapped. Therefore, it is difficult to suppress the self-interference. Similar discussion has happened in R18 full duplex SI, and subband full duplex, to isolate DL transmission and UL reception in different frequency subband, is considered to avoid self-interference cancellation in the same subband. The feasibility for backscatter communication is even more challenge since power of backscatter signal at receiver is far lower than UL channels in full duplex. 
Hence, CW waveform for backscatter should avoid overlapping frequency spectrum between CW and backscatter signal. That is the reason why wideband modulated signal, e.g., OFDM signal, should not be used as waveform for CW in backscatter transmission.
[bookmark: _Ref159255540]Observation 3: Using NR OFDM signals as CW signals is not feasible.
[bookmark: _Ref162968394]Proposal 2: NR OFDM signals as CW signals is not considered in R19 AIoT SI.

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


The pros and cons of the above cases, can be analysis from following perspective:
· Tx power of CW
· Rx sensitivity at Receiver of backscatter signal
· Regulation constraints
· Tx power of CW
The allowed transmission power varies depending on DL spectrum or UL spectrum for CW transmission. Typically, the transmission power on UL spectrum is limited to 23dB for power class 3. While if CW is transmitted in DL spectrum, more than 30 dB transmission power can be achieved, which may lead better coverage for D2R link.
· Rx sensitivity at Receiver of backscatter signal/transceiver complexity
The CW can be transmitted in inside or outside topology. When the CW is transmitted inside the topology, 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, the receiver of the backscatter signal is not the same node as CW source. In this case, better receiver sensitivity can be achieved for backscatter transmission, or similar receiver sensitivity can be achieved with lower receiver sensitivity at reader receiver, since the required capability on self-IC is lowed which leads to lower complexity for the receiver of backscatter signal.
· Regulation constraints
One key issue on priority of these cases is regulation constraints, and whether some of the cases is allowed by radio regulation is still doubtful. The following issue are raised by companies.
· When CW is transmitted in DL spectrum, whether AIoT device, which is a non-BS device, can modulate signal in DL spectrum? This issue made case 1-1 for T1 and case 2-3 for T2 susceptible to radio regulations.
· When CW is transmitted in UL spectrum, whether BS, in addition to mobile station, is allowed to transmit CW in UL spectrum? This issue made case 1-2 susceptible to radio regulations.
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
	Pros
	Cons

	Case 1-1: T1/inside/DL
	· Higher CW Tx power
· Separate CW source not needed
	· Compliance on regulation should be clarified

	Case 1-2: T1/inside/UL
	· Separate CW source not needed
	· Lower CW Tx power
· RF-IC capability required, if CW source and receiver for backscatter share the same node
· Compliance on regulation should be clarified

	Case 1-4: T1/outside/UL
	· No regulation issue
· Lower requirements on RF-IC capability 
	· Lower CW Tx power
· Need separate CW source

	Case 2-2: T2/inside/UL
	· Separate CW source not needed
· No regulation issue
	· RF-IC capability required
· Lower CW Tx power

	Case 2-3: T2/outside/DL
	· Higher CW Tx power
· Lower requirements on RF-IC capability
	· Need separate CW source
· Compliance on regulation should be clarified

	Case 2-4: T2/outside/UL
	· Lower requirements on RF-IC capability
· No regulation issue
	· Need separate CW source
· Lower CW Tx power


[bookmark: _Ref159255581][bookmark: _Ref162968396]Proposal 3: For cases 1-1, {T1, CW inside Topology, in DL spectrum}, following pros and cons should be considered
· Pros: 
· Higher CW Tx power
· Separate CW source not needed
· Cons: 
· Compliance on regulation should be clarified
[bookmark: _Ref162968397]Proposal 4: For cases 1-2, {T1, CW inside Topology, in UL spectrum}, following pros and cons should be considered
· Pros: 
· Separate CW source not needed
· Cons: 
· Lower CW Tx power
· RF-IC capability required, if CW source and receiver for backscatter share the same node
· Compliance on regulation should be clarified
[bookmark: _Ref162968399]Proposal 5: For cases 1-4, {T1, CW outside Topology, in UL spectrum}, following pros and cons should be considered
· Pros: 
· No regulation issue
· Lower requirements on RF-IC capability 
· Cons: 
· Lower CW Tx power
· Need separate CW source
[bookmark: _Ref162968400]Proposal 6: For cases 2-2, {T2, CW inside Topology, in UL spectrum}, following pros and cons should be considered
· Pros: 
· Separate CW source not needed
· No regulation issue 
· Cons: 
· RF-IC capability required
· Lower CW Tx power
[bookmark: _Ref162968401]Proposal 7: For cases 2-3, {T2, CW outside Topology, in DL spectrum}, following pros and cons should be considered
· Pros: 
· Higher CW Tx power
· Lower requirements on RF-IC capability
· Cons: 
· Need separate CW source
· Compliance on regulation should be clarified
[bookmark: _Ref162968403]Proposal 8: For cases 2-3, {T2, CW outside Topology, in UL spectrum}, following pros and cons should be considered
· Pros: 
· Lower requirements on RF-IC capability
· No regulation issue
· Cons: 
· Need separate CW source
· Lower CW Tx power

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





Accordingly, we provide some analyses on the control for the CW nodes. In general, the starting and ending of the CW transmission and also the transmit power/frequency points/spectrum of CW can be adjusted through the control for the CW nodes. Besides, 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. For topology 2 with outside CW node, it seems gNB implementation to do CW control will also be the way.
[bookmark: _Ref162968376]Observation 4: 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, the use case should be justified. That is to say, UE can be a potential CW node only when it makes communication with AIoT device. 
[bookmark: _Ref162968404]Proposal 9: Not support UE to be the CW node without R2D transmission or D2R reception with AIoT device.
5. Interference handling
5.1. Necessity of CW interference handling
Different from NR UL transmission, AIoT device need to backscatter signal on a carrier wave provided externally, so the interference caused by CW needs to be studied. Depending on different source of CW transmission, there are two interference types as follows. 
· Self-interference, if CW is sent by same device as BS/UE Receiver.
· Cross link interference, if CW is transmitted outside the AIoT transmission topology.
The interference will impact the receiver sensitivity due to following reasons, as discussed in our companion contribution [2]
· Intermodulation:
· If the CW source is integrated in the same device as receiver of backscatter signal, the interference is regarded as self-interference. The high input power of self-interference mixed with backscatter signal to receiver will lead to intermodulation interference due to LNA impairments, leading to increased interference level. The performance degradation depends on strength of self-interference, the higher isolation/suppression of self-interference before LNA leading to less receiver sensitivity loss, the isolation/suppression of self-interference is typically brought by spatial isolation and self-interference circuit before LNA. The detailed modelling of receiver sensitivity loss caused by intermodulation is discussed in [2].
· If the CW source is out of connection topology, i.e., separated from receiver of backscatter signal. The interference is regarded as cross link interference (CLI), the impact of CLI is marginal compared with impacted caused by self-interference due to higher spatial/physical isolation between CW source and receiver of backscatter receiver.
· ADC dynamic range: The backscatter signal may be quite weak due to round trip propagation. The ratio between CW interference power and backscatter signal would be several tens dB. The ADC dynamic range of receiver should be large enough to avoid ADC saturation, and make sure the desired backscatter signal accurate quantize ADC. The required interference suppression capability is discussed in Appendix.
The interference may lead to performance loss in detection of backscatter signal or even unrecoverable, if interference is not well suppressed. 
[bookmark: _Ref159255546]Observation 5: Interference suppression before LNA and/or ADC is needed to avoid performance loss caused by LNA impairment (i.e., IM3) and ADC saturation.
5.2. RF/Analog domain Self-Interference handling methods
In a conventional mono-static backscatter communication system, the ratio of backscatter signal to leakage is quite low, due to modulated backscatter signal is suffered from round trip pathloss and return loss. To improve the signal to leakage ratio, self-interference should be suppressed, following methods can be considered.  
1. 
2. 
3. 
4. 
5. 
5.1. 
5.2. 
5.2.1 Circulator 
In mono-static deployment, and if reader antenna is shared for Tx and Rx, a circulator in RF circuit of reader is needed to separate the Tx and Rx signal. As shown in the following Figure 4:


[bookmark: _Ref159234109]Figure 4. Example of using circulator to isolate Tx leakage to Receiver
Typically, a circulator can reduce the power of CW leakage by 16-20 dB [3]. However, circulator is typically used for signal antenna. Besides, circulator is not widely used in BS or UE in cellular network. In TDD spectrum, transmitting and receiving does not work simultaneously, hence circulator is not needed. In FDD spectrum, duplexer is used to isolate TX and Rx signal instead of a circulator. 
Furthermore, the circulator also has relatively large form factor, which make it difficult to be implemented in a device with small form factor, especially when a UE is used as reader. 
[bookmark: _Ref159255547][bookmark: OB5]Observation 6: Circulator can provide [16-20dB] self-interference suppression. However, the feasibility of circulator is doubtful due to following drawbacks: 
· Typically used for transceiver with single antenna. 
· Circulator seems not widely used in BS or UE in cellular network. 
· Large form factor.
5.2.2 Tx-to-Rx antenna seperation/isolation
For carrier wave transmission and backscatter reception by the same device, Tx and Rx antenna can be separated antennas, and self-interference can be reduced. The amount of self-interference reduced by Tx/Rx separation depends on the distance between antennas, and the effect of physical shielding incorporated with the antenna construction, if any.
At gNB side, the Tx/Rx separation can be brought by physical distance between Tx and Rx antennas. If physical shielding is considered, the self-interference can be further reduced. According to [4], 65-70 dB interference cancellation can be achieved, if physical shielding is considered. 
For indoor scenario, 60-80 dB Tx-to-Rx separation is assumed for gNB in [TR 38.858]. For UE intermediate node, take terminal mobile phone as an example, if the distance between transmitter antenna and receiver antenna is ~20cm, together with some hardware isolation, the isolation capability between Tx-Rx can reach about 15-20dB roughly derived according to the free space pathloss model. 
[bookmark: _Ref159255570][bookmark: OB6]Observation 7: Tx to RX antenna separation can be employed for suppress self-interference. 
· FFS the amount of IC capability for BS and UE.
5.2.3 Self-interference cancellation circuit
As discussed in previous sections, if the self-interference is not mitigated in analog domain, it may lead to performance loss caused by IM3 and ADC saturation. Hence, self-interference estimation and cancellation performed before LNA, i.e., in RF/analog domain, is needed, and widely used in RFID reader.
As shown in Figure 5, a direct path from the PA output to the LNA input, phase and amplitude matched to the transmit signal coupled from the antenna. The signal from the transmitter, which is known at receiver can be considered as reference source to tune the RF canceller circuits. Solutions in [5][6][7][8][9] show 20-65dB interference cancellation level. Apparently, higher interference cancellation capability means more complexity of the RF circuit.
[bookmark: _Ref159255573][bookmark: OB9]Observation 8: Self-interference cancellation performed in RF domain before LNA is widely used in RFID reader
· [20-65] dB suppression can be achieved by Self-interference cancellation circuit.


[bookmark: _Ref158208635]Figure 5 The diagram of RF leaking carrier cancelling
5.2.4 High-Pass filter
As the transmitting antenna leaks interfering signals to the receiving antenna, although some interference deletion methods can be used, such as antenna isolation, RF IC, etc. to suppress the self-interference, there will still be part of the stayed self-interference input to the ADC, which, if the interfering signals are large, will cause the ADC to over-saturate, resulting in distortion of the signal.
As shown in Figure 5, Analog baseband filter can be used to further suppress self-interference in analog RF domain after LNA and before ADC, if needed, to avoid ADC saturation.
Based on the discussion in above, following methods can be considered to suppress the interference from carrier wave in backscatter communication. 
[bookmark: _Ref159255583]Proposal 10: Consider the following methods to suppress interference cause by carrier wave in backscatter communication.
· Spatial isolation, including introduce carrier wave source outside connection topology.
· RF/analog domain interference cancellation before LNA.
· Analog baseband filters before ADC.
5.3. Comparison between RF/analog domain IC and digital baseband IC
There are also some baseband interference methods for CW self-interference cancellation. For example, to use digital baseband filter to extract the desired backscatter signal and to suppress the CW interference in a different frequency. 
Although baseband interference cancellation can also be considered, these methods are not as important as RF/analog domain interference cancellation, since RF/Analog domain IC to reduce intermodulation in LNA and avoid ADC saturation is perquisite of any baseband operation, especially when receiver of the backscatter signal is also the device transmitting the CW.
[bookmark: _Ref159255576]Observation 9: RF/Analog domain IC to reduce intermodulation in LNA and avoid ADC saturation is perquisite of any baseband interference suppression methods.
5.4. Cross-Link interference (CLI)


[bookmark: _Ref158208657]Figure 6  The diagram of cross link interference
To avoid self-interference at reader side, bi-static backscatter communication can be considered, which means the transmitter of CW and receiver of backscatter signal can be different devices, as shown in Figure 6. In topology 1 and topology 2, carrier wave can be transmitted from node outside the topology to avoid self-interference. The self-interference is converted to cross link interference, i.e., interference comes from external carrier wave source. The power of cross link interference is reduced due to pathloss. Besides, beam isolation between the carrier source and the receiving of backscatter signal to reduce the impact of cross link interference. RF IC cancellation circuitry can be avoided or simplified, if sufficient spatial isolation can be achieved by isolation between CW source and receiver for backscatter signal.
[bookmark: _Ref159255575]Observation 10: Carrier wave can be transmitted outside the topology to avoid self-interference
· CLI is largely degraded compared with self-interference, and RF domain IC cancellation circuit can be avoided or simplified. 
6. 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 frequency interval between two unmodulated frequency tones needs to be further studied from performance and spectrum efficiency perspectives.
Observation 2: The performance of multiple tone signal (two frequency diversity signal) as CW signals is around 3dB better than single-tone signal as CW signal.
Observation 3: Using NR OFDM signals as CW signals is not feasible.
Observation 4: 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.
Observation 5: Interference suppression before LNA and/or ADC is needed to avoid performance loss caused by LNA impairment (i.e., IM3) and ADC saturation.
Observation 6: Circulator can provide [16-20dB] self-interference suppression. However, the feasibility of circulator is doubtful due to following drawbacks:
· Typically used for transceiver with single antenna. 
· Circulator seems not widely used in BS or UE in cellular network. 
· Large form factor.

Observation 7: Tx to RX antenna separation can be employed for suppress self-interference.
· FFS the amount of IC capability for BS and UE.

Observation 8: Self-interference cancellation performed in RF domain before LNA is widely used in RFID reader
· [20-65] dB suppression can be achieved by Self-interference cancellation circuit.

Observation 9: RF/Analog domain IC to reduce intermodulation in LNA and avoid ADC saturation is perquisite of any baseband interference suppression methods.
Observation 10: Carrier wave can be transmitted outside the topology to avoid self-interference
· CLI is largely degraded compared with self-interference, and RF domain IC cancellation circuit can be avoided or simplified. 

Proposal 1: Two unmodulated sinusoid waveforms in two frequency tones can be considered as carrier wave for backscatter transmission.
Proposal 2: NR OFDM signals as CW signals is not considered in R19 AIoT SI.
Proposal 3: For cases 1-1, {T1, CW inside Topology, in DL spectrum}, following pros and cons should be considered
· Pros: 
· Higher CW Tx power
· Separate CW source not needed
· Cons: 
· Compliance on regulation should be clarified

Proposal 4: For cases 1-2, {T1, CW inside Topology, in UL spectrum}, following pros and cons should be considered
· Pros: 
· Separate CW source not needed
· Cons: 
· Lower CW Tx power
· RF-IC capability required, if CW source and receiver for backscatter share the same node
· Compliance on regulation should be clarified

Proposal 5: For cases 1-4, {T1, CW outside Topology, in UL spectrum}, following pros and cons should be considered
· Pros: 
· No regulation issue
· Lower requirements on RF-IC capability 
· Cons: 
· Lower CW Tx power
· Need separate CW source

Proposal 6: For cases 2-2, {T2, CW inside Topology, in UL spectrum}, following pros and cons should be considered
· Pros: 
· Separate CW source not needed
· No regulation issue 
· Cons: 
· RF-IC capability required
· Lower CW Tx power

Proposal 7: For cases 2-3, {T2, CW outside Topology, in DL spectrum}, following pros and cons should be considered
· Pros: 
· Higher CW Tx power
· Lower requirements on RF-IC capability
· Cons: 
· Need separate CW source
· Compliance on regulation should be clarified

Proposal 8: For cases 2-3, {T2, CW outside Topology, in UL spectrum}, following pros and cons should be considered
· Pros: 
· Lower requirements on RF-IC capability
· No regulation issue
· Cons: 
· Need separate CW source
· Lower CW Tx power

Proposal 9: Not support UE to be the CW node without R2D transmission or D2R reception with AIoT device.
Proposal 10: Consider the following methods to suppress interference cause by carrier wave in backscatter communication.
· Spatial isolation, including introduce carrier wave source outside connection topology.
· RF/analog domain interference cancellation before LNA.
· Analog baseband filters before ADC.
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Appendix: Required interference suppression capability considering ADC dynamic range
The following Table 3 provides a preliminary analysis of link budget for the signal to leakage ratio after self-interference suppression via spatial isolation and RF IC methods.
[bookmark: _Ref159231986]Table 3: Link budget analysis on self-interference
	Uplink
	InH-NLOS

	Tx Parameters/Assumptions
	Calculation
/Discription
	Case 1
	Case 2

	Carrier frequency (GHz)
	　
	0.90 
	0.90 

	[0] Tx power (dBm)
	　
	24.00 
	23.00 

	[0a] Distance (meters) [Note 1]
	Reader to AIoT Distance(3d)
	10.00 
	10.00 

	[0c] Tx ant gain(dBi)
	
	5
	0

	[1] path loss (dB)
	(InH-NLOS) = 11.5+43.3*log10(d_3d)+
20*log10(fc)
	54.46 
	54.46 

	[2] Amplify/Loss (dB)
	[2] = [2a] - [2b]
	　
	　

	[2a] LNA/Amplifier (dB)
	　
	0.00 
	0.00 

	[2b] Return loss
	　
	8.00 
	8.00 

	[3] AIoT Ant Gain
	　
	0.00 
	0.00 

	[4] AIoT Tx EIRP (dBm)
	[4] = [0]+[0c]-[1]+[2]
	-33.46 
	-39.46 

	[5a] Rx ant gain
	
	5
	0

	[5] Received signal power at reader
	[5] = [4]+[5a]-[1]
	-82.92 
	-93.92

	Leakage CW power 
	
	　
	　

	[6] spatial isolation capability(dB)
	
	30
	16

	[6b] Rx RF IC suppression capability(dB)
	
	50
	20

	[7] Leakage power before ADC
	[7] = [0]+[0c] - [6]-[6b]+[5a]
	-46.00 
	-13 

	[8] signal to leakage ratio
	[8] = [5] - [7]
	-36.92
	-80.92


The signal to leakage ratio before ADC should be within ADC dynamic range. For a N bit ADC, the dynamic range can be R = 6.02× N +1.76 – margin. The ADC has limited bit length, means limited ADC dynamic range, which impacts the lower bound of allowed backscattering signal to leakage ratio. If the ratio of interference power to signal power X is greater than ADC dynamic range R, than ADC saturation occurs. The desired signal can not be recovered at digital baseband.
Isolation/cancellation to reduce the leakage power before ADC, i.e., in RF/analog domain, is needed to avoid the ADC saturation. Some margin should be reserved for the desired signal. If margin=10dB, for a 12 bits ADC the dynamic range is 64 dB. According to Table 3, at least 53 dB interference suppression capability is required before ADC. For case 1, ADC saturation will not occur if under 80dB interference suppression capability. While for case 2, when the overall interference suppression is 36dB, resulting in -80.92 dB signal to leakage ratio which leads to ADC saturation and backscatter signal cannot be recovered.
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