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1. Introduction

In RAN#103, the SID is updated [1] and in addition, we have the following agreements related with CW
Agreement
· Regarding the objective in the SID: Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR 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

Agreement
· 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

In RAN1#116, the following agreements are related with CW.
Agreement
· For R19 A-IoT study item, at least single-tone unmodulated sinusoid waveform is a candidate waveform for carrier wave for D2R backscattering.
Agreement
· For R19 A-IoT study item, multi-tone waveforms for carrier wave for D2R backscattering can be studied.
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


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 for backscattering 

2.1.1	FDD DL/UL spectrum for CW for backscattering

The CW for backscattering can be transmitted in FDD-DL or FDD-UL spectrum, as illustrated in Figure 2.1.
Alt1: CW for backscattering in FDD-DL spectrum
· Alt1a: CW for backscattering in FDD-DL + D2R in FDD-DL with frequency shift in same carrier
· It corresponds to Case 1-1 and Case 2-3 for further study
· Alt1b: CW for backscattering in FDD-DL + D2R in FDD-UL with frequency shift across carriers
Alt2: CW for backscattering in FDD-UL spectrum
· Alt2a: CW for backscattering in FDD-UL + D2R in FDD-UL with frequency shift in same carrier
· It corresponds to Case 1-2/1-4 and Case 2-2/2-4 for further study
· Alt2b: CW for backscattering in FDD-UL + D2R in FDD-DL with frequency shift across carriers

[image: ]  [image: ]
Alt1a CW and D2R in FDD-DL	            Alt1b CW in FDD-DL and D2R in FDD-UL
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Alt2a CW and D2R in FDD-UL	            Alt2b CW in FDD-UL and D2R in FDD-DL
Fig. 2.1 FDD-DL/UL spectrum for CW for backscattering and D2R

Alt1 and Alt2 can be considered for both Topology 1 and Topology 2. In particular, we think Alt1a/Alt2a with the D2R and CW for backscattering in the same carrier is more feasible for device 1/2a. The double sideband (DSB) backscattering can be simply implemented by low-power low-cost devices. The CW for backscattering in Alt1a may be allowed to use high transmission power, e.g., 36dBm, similar as the BS DL; but the CW for backscattering in Alt2a may use the UE-class transmission power 23dBm.   
The single sideband (SSB) with large frequency shift to generate the D2R in a different carrier than that of CW for backscattering has been considered to improve the spectrum efficiency and interference resiliency, at the price of high-cost and high-power. One architecture for SSB backscattering for 802.11 is illustrated in Figure 2.2 [3], where wi and wb are carrier frequency of CW for backscattering and D2R, respectively, with wb = wi + wa, and wa is the large frequency shift for backscattering. 
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Fig. 2.2 Block diagram of SSB backscattering tag [3]

The SSB backscattering can be generated based on trigonometric property by using the input and an additional delayed version of the input, i.e., S1 and S2 (pi/2 phase delay of S1). 
· cos(wbt) = cos(wit + wat) = cos(wit)cos(wat) - sinc(wit)sin(wat)

The typical frequency gap between FDD-DL and FDD-UL is in the range of 10-50MHz. Therefore, the generation of cos(wat)/sin(wat) requires IF oscillators on the A-IoT devices, which requires more power and higher cost. In addition, the extra transmission line enlarges the device footprint. Therefore, SSB backscattering with large frequency shift as in Alt1b/Alt2b is not feasible for device 1 (based on the device 1 architecture agreed in previous RAN1 meeting) and also questionable for device 2a [2][4]. Further study whether to support large frequency shift for device 2a is needed.

Observation 1: 
· DSB backscattering with small frequency shift as in Alt1a/Alt2a is feasible for device 1/2a.
· SSB backscattering with large frequency shift as in Alt1b/Alt2b is not feasible for device 1 and also questionable for device 2a. Further study whether to support large frequency shift for device 2a is needed.

Proposal 1:
· Study on CW for backscattering and D2R in same carrier frequency for device 1/2a.
· FFS: CW for backscattering and D2R in different carrier frequencies for device 2a.

2.1.2	Waveform and transmitter design for CW for backscattering

The waveform of the CW for backscattering is illustrated as Figure 2.3, which can be based on
· single-tone CW
· multi-tone CW, where furthermore it can have
· unmodulated continuous or discontinuous multiple tones, or
· modulated multiple tones as OFDM signals
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Fig. 2.3 CW waveform

The single-tone CW is similar as that used in UHF RFID. However, the single-tone CW may suffer from deep fading due to multipath channel. The multi-tone CW is beneficial to improve the robustness against fading, but the interference cancellation is more complicated as the number of tones increases. For the reception of backscattering at the reader, the harmonic interference in the frequency shifted D2R based on multi-tone CW is worse than that of single-tone CW for backscattering. The impact of intermodulation for multi-tone based backscattering needs to be investigated among the parallel tones [4]. Compared with unmodulated multi-tone CW, the OFDM-based CW is not preferred.
The single-tone or two-tone, with good tradeoff between complexity for interference cancellation and robustness to frequency selective fading, can be further studied for the waveform of CW for backscattering. 


Proposal 2:
· Prioritize the study on the single-tone and two-tone unmodulated sinusoid waveforms of CW for backscattering.
· FFS: impact of intermodulation for two-tone unmodulated sinusoid waveforms of CW.

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. 
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 Alt1 Non-OFDM-based CW transmitter		Atl2 OFDM-based CW transmitter 

Fig. 2.4 Transmitter of CW for backscattering
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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

2.1.3	Transmission schemes for CW 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., Case 1-1 in D1T1-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, such as Figure 2.5. 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. 2.6 and 2.7.  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. 
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Fig. 2.5 Frequency hopping of single-tone CW for backscattering from same node
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Fig. 2.6 Two-tone CW for backscattering from same or different nodes
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Fig. 2.7 CW for backscattering from same or different nodes


Proposal 4:
· Study the transmission schemes for CW for backscattering:
· Alt1: Single-tone CW for backscattering with frequency hopping from same node
· Alt2: Two-tone CW for backscattering from same node
· Alt3: Two-tone CW for backscattering from different nodes

2.1.4	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 may need to be coordinated for 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, a 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 backscattering may be power boosted to a single tone. The emission control needs further study to satisfy the RAN4 requirement.

Proposal 5:
· 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 CW for energy harvesting (EH)

2.2.1	FDD DL/UL spectrum for CW for EH

The CW for RF energy harvesting can be considered for charging energy storage of A-IoT devices, including device 1/2a/2b [2]. At the receiver of an A-IoT device, the RF energy harvesting is done by antenna, matching network/bandpass filter, rectifier, low pass filter. Harvested energy can be stored in device and used later to power up integrated circuit or power active RF component to improve rx/tx performance. Based on RANP agreement, we need to consider how to control the CW node(s), e.g. waveform characteristics that impact interference such as when CW is transmitted or not transmitted, power, bandwidth, spectrum.

The CW for EH can be transmitted in FDD-DL or FDD-UL spectrum, as illustrated in Figure 2.8.
Alt1: CW for EH in FDD-DL spectrum
· Alt1a: CW for EH in FDD-DL + R2D in FDD-DL in same carrier
· Alt1b: CW for EH in FDD-DL + R2D in FDD-UL in different carriers
Alt2: CW for EH in FDD-UL spectrum
· Alt2a: CW for EH in FDD-UL + R2D in FDD-UL in same carrier
· Alt2b: CW for EH in FDD-UL + R2D in FDD-DL in different carriers
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Alt1a CW-EH and R2D in FDD-DL		Alt1b CW-EH in FDD-DL + R2D in FDD-UL
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Alt2a CW-EH and R2D in FDD-UL		Alt2b CW-EH in FDD-UL + R2D in FDD-DL
Fig. 2.8 FDD-DL/UL spectrum for CW for EH and R2D

Alt1 and Alt2 can be considered for both Topology 1 and Topology 2. To harvest RF signal energy, device requires antenna to tune to a certain frequency where it an resonate providing gain. The frequency to which antenna tunes to for EH (say EH freq. )  could have impact on device RFFE. If  is different from frequency for that of R2D reception, say , the device may need different antennas to receive CW for EH and R2D, or need same antenna with RF retuning between receiving CW for EH and FL. If  is the same or similar to , then, device may work with the same antenna without retuning time gap. For low-cost A-IoT devices, we think Alt1a/Alt2a with the R2D and CW for EH in the same carrier is more feasible to share the RF antenna at the A-IoT device receiver. The CW for EH in Alt1a may be allowed to use high transmission power, e.g., 36dBm, similar as the BS DL; but the CW for EH in Alt2a may use the UE-class transmission power 23dBm.   

Observation 2: 
· The same antenna may be shared by CW for EH and R2D reception for low-cost A-IoT devices.
· The CW for EH and R2D can be transmitted in the same carrier frequency without RF retuning. 

Proposal 6:
· CW for EH and R2D are in the same carrier frequency for device 1/2a/2b.
· For Topology 1, CW for energy harvesting and R2D are transmitted in FDD-DL.
· For Topology 2, CW for energy harvesting and R2D are transmitted in FDD-UL.

2.2.2 Waveform and transmitter design of CW for EH

As illustrated as Figure 2.3, the CW for EH waveform can also consider
· single-tone CW
· multi-tone CW, where furthermore it can have
· unmodulated continuous or discontinuous multiple tones
· modulated multiple tones as OFDM signals

The waveform for CW for EH can be different from that of CW for backscattering. Compared with single-tone CW, the large fluctuation in time domain, i.e., high PAPR, of multi-tone CW can provide better EH efficiency. The RF energy harvesting is based on the power conversion efficiency [4]. As compared in Figure 2.9, the RF-to-DC conversion efficiency of multi-tone waveform (N=8 tones) is higher than that of single-tone (N=1 tone), especially at average RF input power of 100uW. Therefore, multi-tone can be the starting point of the CW waveform for EH. For simplicity, we don’t need to define a new waveform for CW for EH and the waveform either same as that of R2D or NR legacy DL/UL signal can be reused for CW for EH. 
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Fig. 2.9 RF-to-DC conversion efficiency of CW-EH reception

Proposal 7:
· No new waveform is needed for CW for energy harvesting.



2.2.3 Resource allocation for CW for 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 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 further study to satisfy the RAN4 requirement.

Proposal 8:
· 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.

Table 1: Evaluation scenarios for coexistence
[image: ]

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 discuss how to the evaluation 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. 

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
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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
	CW2R+BS2R
	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
	CW2R+BS2R
	
	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.
· If there is outdoor BS, the impact of BS2R/BS2D for co-channel and adjacent channel interferences in FDD-DL may be marginal.
· FFS: whether/how to consider indoor BS.
· If there is outdoor UE, the impact of R2UE/CW2UE/D2UE for co-channel and adjacent channel interferences in FDD-DL may be marginal.
· If there is indoor UE (e.g., NR UE), the impact of UE2R/UE2D for co-channel and adjacent channel interferences in FDD-UL needs to be further investigated.
· FFS: if there is indoor UE, how to consider/model indoor UE.
· Case 2-2/2-4 with R2D/CW2D/D2R in FDD-UL have interference issue in FDD-UL only.
· If there is outdoor BS, the impact of R2BS/CW2BS/D2BS for co-channel and adjacent channel interferences in FDD-DL may be marginal.
· FFS: whether/how to consider indoor BS.
· If there is outdoor UE, the impact of UE2R/UE2D for co-channel and adjacent channel interferences in FDD-UL may be marginal.
· If there is indoor UE (e.g., NR UE or other intermediate UE/reader), the impact of UE2R/UE2D for co-channel and adjacent channel interferences in FDD-UL needs to be further investigated.
· FFS: if there is indoor UE, how to consider/model indoor UE.
· 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 9:
· Prioritize the interference and coexistence analysis for Case 1-1, Case 2-2 and Case 2-4.
· For Case 1-1 with R2D/CW2D/D2R in FDD-DL
· D1T1-A2 / D1T1-A1 are evaluated with/without self-interference CW2R at D2R receiver.
· For Case 2-2 / Case 2-4 with R2D/CW2D/D2R in FDD-UL
· Case 2-2 / Case 2-4 are evaluated with/without self-interference CW2R at D2R receiver.
· The interference and coexistence analysis for Case 1-2, Case 1-4 and Case 2-3 can be studied further based on the analysis of Case 1-1, 2-2 and 2-4.
· FFS: if there is indoor UE, how to model indoor UE.
· FFS: whether/how to consider indoor BS.
· 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: 
· DSB backscattering with small frequency shift as in Alt1a/Alt2a is feasible for device 1/2a.
· SSB backscattering with large frequency shift as in Alt1b/Alt2b is not feasible for device 1 and also questionable for device 2a. Further study whether to support large frequency shift for device 2a is needed.

Proposal 1:
· Study on CW for backscattering and D2R in same carrier frequency for device 1/2a.
· FFS: CW for backscattering and D2R in different carrier frequencies for device 2a.

Proposal 2:
· Prioritize the study on the single-tone and two-tone unmodulated sinusoid waveforms of CW for backscattering.
· FFS: impact of intermodulation for two-tone unmodulated sinusoid waveforms of CW.

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

Proposal 4:
· Study the transmission schemes for CW for backscattering:
· Alt1: Single-tone CW for backscattering with frequency hopping from same node
· Alt2: Two-tone CW for backscattering from same node
· Alt3: Two-tone CW for backscattering from different nodes

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


For CW for energy harvesting:

Observation 2: 
· The same antenna may be shared by CW for EH and R2D reception for low-cost A-IoT devices.
· The CW for EH and R2D can be transmitted in the same carrier frequency without RF retuning. 

Proposal 6:
· CW for EH and R2D are in the same carrier frequency for device 1/2a/2b.
· For Topology 1, CW for energy harvesting and R2D are transmitted in FDD-DL.
· For Topology 2, CW for energy harvesting and R2D are transmitted in FDD-UL.

Proposal 7:
· No new waveform is needed for CW for energy harvesting.

Proposal 8:
· Study the resource allocation of CW for EH:
· Time resource allocation, including starting offset and the duration/length.
· Freq resource allocation
· Power allocation

For interference handling:

Observation 3:
· Case 1-1 with R2D/CW2D/D2R in FDD-DL has interference issue in FDD-DL only.
· If there is outdoor BS, the impact of BS2R/BS2D for co-channel and adjacent channel interferences in FDD-DL may be marginal.
· FFS: whether/how to consider indoor BS.
· If there is outdoor UE, the impact of R2UE/CW2UE/D2UE for co-channel and adjacent channel interferences in FDD-DL may be marginal.
· If there is indoor UE (e.g., NR UE), the impact of UE2R/UE2D for co-channel and adjacent channel interferences in FDD-UL needs to be further investigated.
· FFS: if there is indoor UE, how to consider/model indoor UE.
· Case 2-2/2-4 with R2D/CW2D/D2R in FDD-UL have interference issue in FDD-UL only.
· If there is outdoor BS, the impact of R2BS/CW2BS/D2BS for co-channel and adjacent channel interferences in FDD-DL may be marginal.
· FFS: whether/how to consider indoor BS.
· If there is outdoor UE, the impact of UE2R/UE2D for co-channel and adjacent channel interferences in FDD-UL may be marginal.
· If there is indoor UE (e.g., NR UE or other intermediate UE/reader), the impact of UE2R/UE2D for co-channel and adjacent channel interferences in FDD-UL needs to be further investigated.
· FFS: if there is indoor UE, how to consider/model indoor UE.
· 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 9:
· Prioritize the interference and coexistence analysis for Case 1-1, Case 2-2 and Case 2-4.
· For Case 1-1 with R2D/CW2D/D2R in FDD-DL
· D1T1-A2 / D1T1-A1 are evaluated with/without self-interference CW2R at D2R receiver.
· For Case 2-2 / Case 2-4 with R2D/CW2D/D2R in FDD-UL
· Case 2-2 / Case 2-4 are evaluated with/without self-interference CW2R at D2R receiver.
· The interference and coexistence analysis for Case 1-2, Case 1-4 and Case 2-3 can be studied further based on the analysis of Case 1-1, 2-2 and 2-4.
· FFS: if there is indoor UE, how to model indoor UE.
· FFS: whether/how to consider indoor BS.
· FFS: whether/how to consider the interference of the FDMed D2R at D2R receiver if supported
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