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1. Introduction

In this contribution, we share our views on the following aspects of ambient IoT (A-IoT): 
· 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. 


2. Discussion for CW design
2.1	CW waveform and transmission scheme for backscattering 

2.1.1	Waveform and transmission scheme for CW for backscattering

	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 section, we compare the D2R reception based on the following CW for backscattering transmitted from same node, where the total system bandwidth and time duration for CW transmission are common for all alternatives, as illustrated in Fig. 1. 
· Alt1: 1-tone w/o frequency hopping 
· Alt2: 1-tone w/ frequency hopping
· Alt2a: 2-hop FH 
· Alt2b: 4-hop FH
· Alt3: 2-tone w/o frequency hopping
· Alt4: 4-tone w/o frequency hopping
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Fig. 2.1 CW for backscattering

We evaluated the BLER performance of D2R square wave-based data modulation schemes with convolutional coding (rate R=1/2) as a function of Eb/N0 in Fig. 2.2. Independent TDL-A channels are assumed for reader-to-device (for CW transmission) and for device-to-reader (for backscattered D2R). For D2R backscattering, the Eb in the x-axis Eb/N0 is defined as the bit energy for carrier waves instead of the conventional transmitted bit energy, to capture backscattering power loss. For coherent demodulation, the reader first obtains channel/phase information and use it to demodulate data from the D2R received signal. Here we assume ideal channel estimation for coherent demodulation. For non-coherent demodulation, the reader computes cross-correlations between the received signal and the templates of the transmitted signal candidates and determines the transmitted signal based on the correlations without channel estimation. The parameters for simulation assumption are summarized in Table 1.

Table 1: Simulation assumptions for D2R backscattering reception evaluation
	
	Configurations

	Channel model
	TDL-A NLOS 

	Delay spread
	30ns, 150ns

	Scenario
	Monostatic (D1T1-A2 or D2T2-A2)

	CW self-interference 
	ideal cancellation

	D2R data size
	128bits

	Data rate
	60 kbps

	Channel coding
	CC 1/2 rate [171,133] without interleaver

	Modulation
	BPSK square-wave modulation

	Line code
	No

	D2R frequency shift relative to CW
	240 kHz, DSB

	Device mobility
	3 kph

	Max frequency gap between tones (Df)
	2.16MHz (12RBs with 15kHz) or 180kHz (1RB with 15kHz)

	Reader receiving scheme
	Coherent detection based on ideal channel estimation
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(a) TDL-A with delay spread of 30 ns
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(b) TDL-A with delay spread of 150 ns
Fig. 2.2 D2R backscattering detection performance 

Observation 1:
For D2R backscattering detection:
· Single-tone CW with N-hop FH achieves similar D2R BLER performance as N-tone CW, better than single-tone CW without FH.
· However, compared with single-tone CW with N-hop, N-tone CW has less available BW for D2R backscattering, reduced by 1/(N-1).
· In case of TDL-A with 30 ns delay spread, 
· N=4 achieves similar D2R performance as N=2 due to limited frequency selectivity.
· By increasing the max frequency gap between tones to 2.16MHz, N=4 can achieve 5dB gain than single-tone without FH.
· In case of TDL-A with 150 ns delay spread, 
· N=4 achieves similar D2R performance as N=2 in case of small frequency gaps between tones.
· By increasing the max frequency gap between tones to 2.16MHz, N=4 achieves 2dB better than N=2 and 10dB better than single-tone without FH
· But N=4 would reduce the BW available for D2R backscattering by 1/3 than N=2.

Proposal 1:
For CW waveform for D2R backscattering, 
· Thes unmodulated single-tone with N=2-hop frequency hopping and N=2 unmodulated single-tones show similar D2R reception performance, better than single-tone without frequency hopping.
· N>2 unmodulated single-tones can improve the D2R reception performance in case of large frequency-selective channel, but the available bandwidth of D2R backscattering is decreased by 1/(N-1).


2.1.2	CW node and CW transmitter for backscattering 

In UHF RFID, the R2D and CW for backscattering is transmitted by selecting one of the multiple subchannels. If R2D and/or CW for backscattering is blocked and the D2R cannot reach the reader, the reader will try a different subchannel to transmit the CW for backscattering. For A-IoT communications, the resources for R2D and CW/D2R may be separately configured, e.g., in D1T1-A1 and D2T2-A1 with R2D and D2R at different readers. The transmission waveform and bandwidth may also be different for R2D and CW for backscattering. How to improve the coverage of CW for backscattering needs to be studied, separate from that of R2D. In case of single-tone CW, frequency diversity, such as frequency hopping, can be used to combat with the fast fading. For two-tone CW, it can be transmitted from the same node with the power split into f1 and f2 or from different nodes with no power splitting, as illustrated in Fig. 2.3 for D1T1-A1 or D2T2-A1.  The two-tone CW from different nodes could have less self-interference than that of same node, but they need to be synchronized between two tones. In order to avoid different CW power seen by the device, CW emitter needs to be carefully selected for D2R backscattering. 
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Fig. 2.3 CW for backscattering from same or different nodes for D1T1-A1 or D2T2-A1

Observation 2:
For two unmodulated single-tone CW for D2R backscattering:
· The two tones can be transmitted from the same node with transmission power split on each tone. 
· Alternatively, the two tones can be transmitted from different nodes with no power splitting.
· There is less self-interference than two tones transmitted from the reader (monostatic).
· However, the two tones need to be time synchronized and reach the device for backscattering with similar power. 

Proposal 2:
For two unmodulated single-tone CW for D2R backscattering, study the two tones transmitted from same node and from different nodes, respectively.

As in Figure 2.4, the single-tone CW for backscattering may be generated by using 
· Alt1: Non-OFDM-based transmitter, similar as RFID to tune the RF frequency. 
· Alt2: OFDM-based transmitter, compatible with the NR/LTE transmitter

For Alt2, a phase shift before IFFT can be added to keep the continuous phase even after adding CP for singe-tone CW, as shown in Figure 2.5, which similar as the way to generate single-tone NPRACH for NB-IoT. 

[image: ] 				[image: ]
 Alt1 Non-OFDM-based CW transmitter		Atl2 OFDM-based CW transmitter 

Fig. 2.4 Transmitter of CW for backscattering

[image: ]
Fig. 2.5 OFDM-based transmitter for single-tone CW for backscattering


Proposal 3:
· Study the transmitter for single-tone waveform for CW for backscattering:
· Non-OFDM-based transmitter
· OFDM-based transmitter


2.2 Resource allocation for CW 

RAN#103:

	Proposal 3v2 (endorsed)
· 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

Proposal 2 (endorsed)
· Confirm that study of design of energy harvesting signal/waveform is out of SI scope in Rel-19
· The potential impact of energy harvesting on device availability for transmission and reception procedures can be considered for the study [RAN2, RAN1]
· Duration of one device’s unavailability due to charging by energy harvesting can be assumed up to several tens of seconds
· Note: this value can be revisited in future RAN plenary meetings, if necessary
· TR 38.848 clause 5.6 statement on latency remains the case with respect to a single device, i.e.: “NOTE: The time for charging the Ambient IoT device storage (if present) is not included in the latency defined above. Time for energy harvesting, charging, etc. is regarded as an implementation issue only.”
· No SID revision is necessary





2.2.1 Resource allocation for CW for backscattering

The CW for backscattering may be transmitted by BS/reader in Topology 1, UE/reader in Topology 2, or a separate node outside the topology. If it is transmitted by UE/reader or a separate node, the starting time and duration/length to transmit the CW for backscattering needs to be coordinated with the reader to monitor the D2R.  The frequency domain resources allocated for the CW for backscattering also needs to consider the allowed frequency shift of D2R and required guard band for the coexistent legacy DL/UL signals for inband operation and the adjacent channel leakage interference for guardband/standalone operation. In dense scenarios, gNB can coordinate the UE/readers for CW transmission power to avoid inter-UE interference. For example, For Topology 2: the CW emitter may be controlled by UE/reader via PC5, new interface for AIoT, or coordinated by gNB via Uu interface. 
In addition, the CW for backscattering may be power boosted to limited number of tones or resource blocks. The emission control needs to satisfy the requirement, which is up to RAN4 study.

Proposal 4:
· Study the resource allocation of CW for backscattering:
· Time resource allocation, including starting offset and the duration/length.
· Freq resource allocation
· Power allocation 


2.2.2 Resource allocation for CW for energy harvesting (EH)

The CW for EH may be transmitted by BS/reader in Topology 1, UE/reader in Topology 2, or a separate node from that of reader. If the CW for EH is using the same spectrum for AIoT communication, the always-one CW for EH is not feasible because of the interference from CW to R2D, D2R, or both. Also, the coexistence between CW for EH and legacy NR/LTE need to be considered at least for inband and guard band operation. 
If it is transmitted by UE/reader or a separate node, the starting time and duration/length to transmit the CW for EH may need to be coordinated by BS for the A-IoT device charging.  The frequency domain resources if allocated for the dedicated CW for EH signals also needs to consider the coexistence with legacy DL/UL for inband operation and adjacent channel leakage interference for guardband/standalone operations. The BS may need to coordinate the UE/readers or separate nodes for CW transmission power to avoid inter-UE or inter-node interference. 

In addition, the CW for EH may be power boosted to limited number of tones or resource blocks. The emission control needs to satisfy the requirement, which is up to RAN4 study.

Proposal 5:
· Study the resource allocation of CW for EH:
· Time resource allocation, including starting offset and the duration/length.
· Freq resource allocation
· Power allocation

3. Discussion for interference/coexistence

RAN1 has agreed the 6 cases for CW for backscattering and D2R transmitted in the same carrier for device 1/2a. Combined with the discussion of evaluation scenarios in 9.4.1.1, we have the following combinations.

	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


Agreement
The following scenarios are defined,
· FFS: which of these scenarios will be evaluated.

	Scenario
	CW Inside/outside topology
	Diagram of the scenario
	Description of the scenario
	Device 1/2a/2b 
	CW spectrum
	D2R spectrum
	R2D spectrum

	D1T1-A1
	CW inside topology
	[image: ]
	· CW node inside topology 1
· ‘CW’ in CW2D and ‘R2’ in D2R are different
· ‘CW’ in CW2D and ‘R1’ in R2D are same
· ‘R1’ in R2D and ‘R2’ in D2R are different
	Device 1, 2a
	Case 1-1 (inside topology, DL)
Case 1-2 (inside topology, UL)
	Same as CW
	

	D1T1-A2
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	· CW node inside topology 1
· same ‘CW’ and ‘R’ node for CW2D, D2R and R2D
	
	Same as D1T1-A1
	Same as CW
	

	D1T1-B
	CW outside topology
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	· CW node outside topology 1
· ‘CW’ in CW2D and ‘R’ in D2R are different
· ‘CW’ in CW2D and ‘R’ in R2D are different
· ‘R’ in R2D and ‘R’ in D2R are same
	
	Case 1-4 (outside topology, UL)
	Same as CW
	

	D1T1-C
	No CW
	[image: ]
	· No CW Node.
	Device 2b
	N/A
	UL
	

	D2T2-A1

	CW inside topology
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	· CW node inside topology 2
· ‘CW’ in CW2D and ‘R2’ in D2R are different
· ‘CW’ in CW2D and ‘R1’ in R2D are same
· ‘R1’ in R2D and ‘R2’ in D2R are different
· BS communicates with R1 and R2
	Device 1, 2a
	Case 2-2 (inside topology, UL)
	Same as CW
	

	D2T2-A2
	
	[image: ]
	· CW node inside topology 2
· same ‘CW’ and ‘R’ node for CW2D, D2R and R2D
· BS communicates with R
	
	Same as D2T2-A1
	Same as CW
	

	D2T2-B
	CW outside topology
	[image: ]
	· CW node outside topology 2
· ‘CW’ in CW2D and ‘R’ in D2R are different
· ‘CW’ in CW2D and ‘R’ in R2D are different
· ‘R’ in R2D and ‘R’ in D2R are same
· BS communicates with R
	
	Case 2-3 (outside topology, DL)
Case 2-4 (outside topology, UL)
	Same as CW
	

	D2T2-C
	No CW
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	· No CW Node.
· BS communicates with R
	Device 2b
	N/A
	FFS

	

	Note: this table is for the case where D2R is in the same spectrum as CW2D.






For the following analysis, we focus on the device 1/2a using CW for backscattering and assume R2D transmitted from BS/reader is in FDD-DL spectrum for Topology 1 and R2D form UE/reader is in FDD-UL spectrum for Topology 2. In addition, the Reader, device and inside/outside CW are all indoor. The BS and UE with legacy UL/DL may be indoor or outdoor, dependent on the network deployment.
RAN1/4 will both discuss the co-existence scenarios. The coexistence evaluation study, e.g., co-channel coexistence/adjacent channel coexistence, may be studied in RAN4. The interference handling schemes if needed may be studied in RAN1 later. RAN1 can study the intra-AIoT interferences and discuss interference handling schemes if needed. 

3.1	Cases for Topology 1

3.1.1	Case 1-1: inside CW, R2D/CW2D/D2R in FDD-DL
Interference at each receiver:
· D2R receiver: interference of CW2R + BS2R in FDD-DL
· CW2R is not self-interference in case of D1T1-A1; otherwise in case of D1T1-A2.
· FFS: interference of the FDMed D2R if supported
· R2D receiver: interference of BS2D + CW2D + D2D in FDD-DL
· D2D is the interference from other devices (not shown in the figure), which may be served by different readers.
· CW2D is interference from other CWs (not shown in the figure), which may serve other devices.
· DL UE receiver: interference of R2UE + CW2UE + D2UE in FDD-DL
· Indoor UE or Outdoor UE?

[image: ]
Fig. 3.1 Case 1-1

3.1.2	Case 1-2: inside CW, R2D in FDD-DL and CW2D/D2R in FDD-UL 
Interference at each receiver:
· D2R receiver: interference of CW2R + UE2R in FDD-UL
· For D1T1-A1, CW2R is not self-interference; for D1T1-A2, CW2R is self-interference.
· FFS: interference of the FDMed D2R if supported
· R2D receiver: interference of BS2D in FDD-DL
· UL BS receiver: interference of CW2BS + D2BS in FDD-UL
· DL UE receiver: interference of R2UE in FDD-DL

[image: ]
Fig. 3.2 Case 1-2


3.1.2	Case 1-4: outside CW, R2D in FDD-DL and CW2D/D2R in FDD-UL
Interference at each receiver:
· D2R receiver: interference of CW2R + UE2R in FDD-UL
· FFS: interference of the FDMed D2R if supported
· R2D receiver: interference of BS2D in FDD-DL
· UL BS receiver: interference of CW2BS + D2BS in FDD-UL
· DL UE receiver: interference of R2UE in FDD-DL

[image: ]
Fig. 3.3 Case 1-4
3.2	Cases for Topology 2

3.2.1	Case 2-2: inside CW, R2D/CW2D/D2R in FDD-UL
Interference at each receiver:
· D2R receiver: interference of CW2R + UE2R in FDD-UL
· FFS: interference of the FDMed D2R if supported
· R2D receiver: interference of UE2D + CW2D + D2D in FDD-UL
· D2D is the interference from other devices (not shown in the figure), which may be served by different readers.
· CW2D is interference from other CWs (not shown in the figure), which may serve other devices.
· UL BS receiver: interference of R2BS + CW2BS + D2BS in FDD-UL

[image: ]
Fig. 3.4 Case 2-2

3.2.2	Case 2-3: outside CW, R2D in FDD-UL and CW2D/D2R in FDD-DL
Interference at each receiver:
· D2R receiver: interference of CW2R + BS2R in FDD-DL
· FFS: interference of the FDMed D2R if supported
· R2D receiver: interference of UE2D in FDD-UL
· UL BS receiver: interference of R2BS in FDD-UL
· DL UE receiver: interference of CW2UE + D2UE in FDD-DL

[image: ]
Fig. 3.5 Case 2-3


3.2.2	Case 2-4: outside CW, R2D/CW2D/D2R in FDD-UL
Interference at each receiver:
· D2R receiver: interference of CW2R + UE2R in FDD-UL
· FFS: interference of the FDMed D2R if supported
· R2D receiver: interference of UE2D + CW2D + D2D in FDD-UL
· D2D is the interference from other devices (not shown in the figure), which may be served by different readers.
· CW2D is interference from other CWs (not shown in the figure), which may serve other devices.
· UL BS receiver: interference of R2BS + CW2BS + D2BS in FDD-UL

[image: ]
Fig. 3.6 Case 1-4

3.3	Summary of interference issues

The interferences seen by different receivers in FDD-DL spectrum and FDD-UL spectrum can be summarized in Table 2a and Table 2b, respectively.

Table 2a: Interference in FDD-DL spectrum
	Interferences 
in FDD-DL
	@D2R receiver
	@R2D receiver
	@DL UE receiver
	Assumption

	Case 1-1
	BS2R
+CW2R
	BS2D
+CW2D+D2D
	R2UE
+CW2UE+D2UE
	R2D/CW2D/D2R in FDD-DL

	Case 1-2
	
	BS2D
	R2UE
	R2D in FDD-DL

	Case 1-4
	
	BS2D
	R2UE
	R2D in FDD-DL

	Case 2-2
	
	
	
	

	Case 2-3
	BS2R
+CW2R
	
	CW2UE+D2UE
	CW2D/D2R in FDD-DL

	Case 2-4
	
	
	
	



Table 2b: Interference in FDD-UL spectrum
	Interferences 
in FDD-UL
	@D2R receiver
	@R2D receiver
	@UL BS receiver
	Assumption

	Case 1-1
	
	
	
	

	Case 1-2
	CW2R+UE2R
	
	CW2BS+D2BS
	CW2D/D2R in FDD-UL

	Case 1-4
	CW2R+UE2R
	
	CW2BS+D2BS
	CW2D/D2R in FDD-UL

	Case 2-2
	CW2R+UE2R
	UE2D
+CW2D+D2D
	R2BS
+CW2BS+D2BS
	R2D/CW2D/D2R in FDD-UL

	Case 2-3
	
	UE2D
	R2BS
	R2D in FDD-UL

	Case 2-4
	CW2R+UE2R
	UE2D
+CW2D+D2D
	R2BS
+ CW2BS+D2BS
	R2D/CW2D/D2R in FDD-UL



Observation 3:
· Case 1-1 with R2D/CW2D/D2R in FDD-DL has interference issue in FDD-DL only.
· For intra-AIoT interference issue: 
· The impact of CW2R interference in FDD-DL at D2R receiver and the impact of CW2D and D2D interference in FDD-DL at R2D receiver can be first studied in RAN1.
· For co-existence interference issue, 
· The impact of R2UE/CW2UE/D2UE for co-channel and adjacent channel interferences in FDD-DL at DL UE receiver can be first studied in RAN4.
· Case 2-2/2-4 with R2D/CW2D/D2R in FDD-UL have interference issue in FDD-UL only.
· For intra-AIoT interference issue: 
· The impact of CW2R interference in FDD-UL at D2R receiver and the impact of CW2D and D2D interference in FDD-UL at R2D receiver can be first studied in RAN1.
· For co-existence interference issue, 
· The impact of UE2R/UE2D for co-channel and adjacent channel interferences in FDD-UL at UL BS receiver can be first studied in RAN4.
· Other cases have interference issues in both FDD-UL and FDD-DL.
· For Case 1-2/1-4 with R2D in FDD-DL and CW2D/D2R in FDD-UL, 
· The interference to D2R receiver is same as Case 2-2/2-4, respectively.
· The interference to R2D receiver is subset of Case 1-1.
· The interference to DL UE receiver is subset of Case 1-1.
· The interference to UL BS receiver is subset of Case 2-2/2-4.
· For Case 2-3 with R2D in FDD-UL and CW2D/D2R in FDD-DL
· The interference to D2R receiver is same as Case 1-1 in D1T1-A1.
· The interference to R2D receiver is subset of Case 2-2/2-4.
· The interference to DL UE receiver is subset of Case 1-1.
· The interference to UL BS receiver is subset of Case 2-2/2-4.

Proposal 5:
· RAN1 to discuss the intra-AIoT interference analysis:
· For Case 1-1 with R2D/CW2D/D2R in FDD-DL
· Study the impact of CW2R interference in FDD-DL at D2R receiver.
· CW self-interference for D1T1-A2 and CW direct-link-interference for D1T1-A1 need to be studied.
· Study the impact of CW2D and D2D interference in FDD-DL at R2D receiver.
· For Case 2-2 / Case 2-4 with R2D/CW2D/D2R in FDD-UL
· Study the impact of CW2R interference in FDD-UL at D2R receiver.
· CW self-interference for D2T2-A2 and CW direct-link-interference for D2T2-A1/D2T2-B need to be studied.
· Study the impact of CW2D and D2D interference in FDD-UL at R2D receiver.
· The interference and analysis for Case 1-2, Case 1-4 and Case 2-3 can be studied based on the analysis of Case 1-1, 2-2 and 2-4.
· FFS: whether/how to consider the interference of the FDMed D2R at D2R receiver if supported


4. Conclusion

In summary, we have the following observations and proposals for 9.4.2.4:

For CW for backscattering:
Observation 1:
For D2R backscattering detection:
· Single-tone CW with N-hop FH achieves similar D2R BLER performance as N-tone CW, better than single-tone CW without FH.
· However, compared with single-tone CW with N-hop, N-tone CW has less available BW for D2R backscattering, reduced by 1/(N-1).
· In case of TDL-A with 30 ns delay spread, 
· N=4 achieves similar D2R performance as N=2 due to limited frequency selectivity.
· By increasing the max frequency gap between tones to 2.16MHz, N=4 can achieve 5dB gain than single-tone without FH.
· In case of TDL-A with 150 ns delay spread, 
· N=4 achieves similar D2R performance as N=2 in case of small frequency gaps between tones.
· By increasing the max frequency gap between tones to 2.16MHz, N=4 achieves 2dB better than N=2 and 10dB better than single-tone without FH
· But N=4 would reduce the BW available for D2R backscattering by 1/3 than N=2.

Proposal 1:
For CW waveform for D2R backscattering, 
· Thes unmodulated single-tone with N=2-hop frequency hopping and N=2 unmodulated single-tones show similar D2R reception performance, better than single-tone without frequency hopping.
· N>2 unmodulated single-tones can improve the D2R reception performance in case of large frequency-selective channel, but the available bandwidth of D2R backscattering is decreased by 1/(N-1).


Observation 2:
For two unmodulated single-tone CW for D2R backscattering:
· The two tones can be transmitted from the same node with transmission power split on each tone. 
· Alternatively, the two tones can be transmitted from different nodes with no power splitting.
· There is less self-interference than two tones transmitted from the reader (monostatic).
· However, the two tones need to be time synchronized and reach the device for backscattering with similar power. 

Proposal 2:
For two unmodulated single-tone CW for D2R backscattering, study the two tones transmitted from same node and from different nodes, respectively.

Proposal 3:
· Study the transmitter for single-tone waveform for CW for backscattering:
· Non-OFDM-based transmitter
· OFDM-based transmitter

For CW resource allocation:
Proposal 4:
· Study the resource allocation of CW for backscattering:
· Time resource allocation, including starting offset and the duration/length.
· Freq resource allocation
· Power allocation 

Proposal 5:
· Study the resource allocation of CW for EH:
· Time resource allocation, including starting offset and the duration/length.
· Freq resource allocation
· Power allocation

For CW interference analysis:
Observation 3:
· Case 1-1 with R2D/CW2D/D2R in FDD-DL has interference issue in FDD-DL only.
· For intra-AIoT interference issue: 
· The impact of CW2R interference in FDD-DL at D2R receiver and the impact of CW2D and D2D interference in FDD-DL at R2D receiver can be first studied in RAN1.
· For co-existence interference issue, 
· The impact of R2UE/CW2UE/D2UE for co-channel and adjacent channel interferences in FDD-DL at DL UE receiver can be first studied in RAN4.
· Case 2-2/2-4 with R2D/CW2D/D2R in FDD-UL have interference issue in FDD-UL only.
· For intra-AIoT interference issue: 
· The impact of CW2R interference in FDD-UL at D2R receiver and the impact of CW2D and D2D interference in FDD-UL at R2D receiver can be first studied in RAN1.
· For co-existence interference issue, 
· The impact of UE2R/UE2D for co-channel and adjacent channel interferences in FDD-UL at UL BS receiver can be first studied in RAN4.
· Other cases have interference issues in both FDD-UL and FDD-DL.
· For Case 1-2/1-4 with R2D in FDD-DL and CW2D/D2R in FDD-UL, 
· The interference to D2R receiver is same as Case 2-2/2-4, respectively.
· The interference to R2D receiver is subset of Case 1-1.
· The interference to DL UE receiver is subset of Case 1-1.
· The interference to UL BS receiver is subset of Case 2-2/2-4.
· For Case 2-3 with R2D in FDD-UL and CW2D/D2R in FDD-DL
· The interference to D2R receiver is same as Case 1-1 in D1T1-A1.
· The interference to R2D receiver is subset of Case 2-2/2-4.
· The interference to DL UE receiver is subset of Case 1-1.
· The interference to UL BS receiver is subset of Case 2-2/2-4.

Proposal 5:
· RAN1 to discuss the intra-AIoT interference analysis:
· For Case 1-1 with R2D/CW2D/D2R in FDD-DL
· Study the impact of CW2R interference in FDD-DL at D2R receiver.
· CW self-interference for D1T1-A2 and CW direct-link-interference for D1T1-A1 need to be studied.
· Study the impact of CW2D and D2D interference in FDD-DL at R2D receiver.
· For Case 2-2 / Case 2-4 with R2D/CW2D/D2R in FDD-UL
· Study the impact of CW2R interference in FDD-UL at D2R receiver.
· CW self-interference for D2T2-A2 and CW direct-link-interference for D2T2-A1/D2T2-B need to be studied.
· Study the impact of CW2D and D2D interference in FDD-UL at R2D receiver.
· The interference and analysis for Case 1-2, Case 1-4 and Case 2-3 can be studied based on the analysis of Case 1-1, 2-2 and 2-4.
· FFS: whether/how to consider the interference of the FDMed D2R at D2R receiver if supported
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