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1	Introduction
The “Study on solutions for Ambient IoT (Internet of Things) in NR” [1] targets a further assessment at RAN WG level of Ambient IoT (A-IoT), a new 3GPP IoT technology, suitable for deployment in a 3GPP system, which relies on ultra-low complexity devices with ultra-low power consumption for the very-low end IoT applications. The study follows an initial study captured in TR 38.848 [2]. Here is an excerpt from the SID:
	General Scope
The definitions provided in TR 38.848 are taken into this SI, and the following are the exclusive general scope:
A. The overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable the following devices:
i. ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
ii. ≤ a few hundred µW peak power consumption1, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally.
· X  is to be decided in WGs.
· Coverage design target: Maximum distance of 10-50 m with device indoors as per TR 38.848: “…a range that WGs can sub-select within”.
· For Topologies 1 & 2 (UE as intermediate node under NW control) per TR 38.848, with no RRC states, no mobility (i.e. at least no cell selection/re-selection -like function), no HARQ, no ARQ. 
NOTE 1: It is to be understood that “≤ a few hundred µW” means WGs are not tasked with setting a particular value, and that it will be for WG discussions to determine if a presented design with corresponding power consumption satisfies the “≤ a few hundred µW” requirement



Based on the definitions in the above SID excerpt, we map the devices with characteristics mentioned in bullets (i) and (ii) above to slightly modified versions of the device types A, B and C defined in TR 38.848 [2]. The device mentioned in bullet (i) above is mapped to Device A+. The device mentioned in bullet (ii) above which relies on backscattering for UL transmission is mapped to Device B, and the device in (ii) which can generate its own carrier wave is categorized as Device C-. Devices A+ and B are considered as passive devices, and Device C- is an active device. In addition, a carrier wave is needed to illuminate passive A-IoT devices (Device A+ and Device B) and to enable data transmission via backscattering. We call the node that provides a carrier wave externally to the passive A-IoT devices a carrier wave transmitter (CWT).
[bookmark: _Ref178064866]One of the objectives [1] is to study the necessary characteristics of the carrier-wave waveform for a carrier wave provided externally to the A-IoT devices (when needed), including study of interference handling at the A-IoT UL receiver, and at the NR base station.This contribution presents our input on these aspects for passive A-IoT devices, namely Device A+ and Device B.
2	Discussion
2.1	Waveform characteristics
2.1.1	Topology 1
The band for A-IoT devices is restricted in the study phase to FR1 licensed spectrum in FDD [1], normally implying that DL reception and UL transmission are in separate DL and UL bands. Moreover, as per the SID, transmission from A-IoT devices (including backscattering when used) can occur at least in the UL spectrum. This means that for Topology 1, where A-IoT device directly communicates with a BS, the backscattered transmission can be in an UL band, and therefore the gNB would receive the backscattered signals in UL band, the same as the usual gNB operation in FR1. However, it doesn’t preclude that the backscattered transmission is in DL spectrum. Therefore, we list three possible cases for Topology 1as illustrated in Figure 1 and analyze the pros and cons.
· In Case I, both the incident carrier wave signal and the backscattered transmission are in an UL band. 
· In Case II, CWT transmits a carrier wave in a DL band, and passive A-IoT devices still backscatter in an UL band. 
· In case III, both the incident carrier wave signal and the backscattered transmission are in a DL band.
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(a) Topology 1, Case I                       (b) Topology 1, Case II
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(c) Topology 1, Case III
Figure 1: Cases in Topology 1
For Case II, the devices need to shift the received carrier wave in a DL band to an UL band for backscattering. It needs study whether A-IoT devices can support a large frequency shift between UL and DL FDD bands. 
A current passive device, e.g., RFID, transmits information via backscattering i.e., by reflecting the incident carrier signal at its antenna. This can be realized by changing the impedance state of its antenna, for example between matching (no reflection) and mismatch (reflection) states or high impedance (open circuit) and low impedance (short circuit) states. The switching frequency between impedance states influences the characteristics of the backscattered signal. A passive device may generate a baseband signal to control the switching frequency. This results in mixing the frequency of the incident carrier signal with a frequency equal to the switching frequency. Therefore, the backscattered signal will contain two images of the incident signal in the frequency domain at frequency offsets equal to the addition and subtraction of the switching frequency to the frequency of the incident signal [3,4]. The amount of such a shift is rather modest (e.g., on the order of tens or few hundreds of kHz).
[bookmark: _Toc159248817]The current passive devices, e.g., RFID, are capable of modest frequency shifts (e.g., on the order of tens or few hundreds of kHz).
To switch between UL/DL frequency bands, (e.g., tens to hundreds of MHz), the passive A-IoT devices will need to have complex circuitry to implement a substantial frequency shift, which increases device complexity. In addition, such large frequency shifts when applied in backscattering may create undesired out-of-band emissions due to the mirror images of this frequency shift which need to be considered to limit interference [5].   
[bookmark: _Toc159248818]In Topology 1 Case II, where the carrier wave is transmitted in a DL band and the backscattered signal is in an UL band, a passive A-IoT device is to implement frequency shifting as large as FDD duplexing separation, from tens to hundreds of MHz.
[bookmark: _Toc159248819]A frequency shift between UL and DL bands would need complex circuitry and may cause interference issue.
In Topology 1 Case II, the CWT to gNB interference doesn’t exist, thanks to the large frequency shift done by passive A-IoT devices. However, if both CW transmission and backscattered transmission are in the same UL band, like Topology 1 Case I and also cases in Topology 2, CWT-to-Ambient IoT UL receiver co-channel interference may exist. Interference handling is discussed in Section 2.2 and 2.3.
[bookmark: _Toc159248820]In both topologies, if both CW transmission and backscattered transmission are in the same UL band, CWT-to-Ambient IoT UL receiver co-channel interference may exist. 
[bookmark: _Toc159179528][bookmark: _Toc159179584][bookmark: _Toc159179640][bookmark: _Toc159179695]Lastly, for DO-DTT and DT traffic, A-IoT devices would receive a command from gNB so as to trigger backscattered transmission. In Case II, both DL commands from gNB and carrier wave transmission are in DL band, and thus, it needs to study how to multiplex the DL command from gNB and carrier wave, both transmitted in DL band.
[bookmark: _Toc159248821]In Topology 1 Case II, where the carrier wave is transmitted in a DL band and the backscattered signal is in an UL band, it needs to study how to multiplex the DL command from gNB and carrier wave, both transmitted in DL band.
For Case III, the first issue is that gNB is required to receive in a DL band, and thus, it requires a hardware modification in gNB (i.e., adding a receiver chain in a DL band). Moreover, gNB may need to have sub-band- full-duplex or full-duplex capabilities to allow simultaneous transmission and reception in the DL band, especially if the CWT is close to or even co-located with gNB. 
[bookmark: _Toc159079002][bookmark: _Toc159079178][bookmark: _Toc159079366][bookmark: _Toc159079413][bookmark: _Toc159080013][bookmark: _Toc159080130][bookmark: _Toc159179531][bookmark: _Toc159179587][bookmark: _Toc159179643][bookmark: _Toc159179698][bookmark: _Toc159079005][bookmark: _Toc159079181][bookmark: _Toc159079369][bookmark: _Toc159079416][bookmark: _Toc159080016][bookmark: _Toc159080133][bookmark: _Toc159079009][bookmark: _Toc159079185][bookmark: _Toc159079373][bookmark: _Toc159079420][bookmark: _Toc159080020][bookmark: _Toc159080137][bookmark: _Toc159179534][bookmark: _Toc159179590][bookmark: _Toc159179646][bookmark: _Toc159179701][bookmark: _Toc159179538][bookmark: _Toc159179594][bookmark: _Toc159179650]In Topology 1 Case III, if both the carrier wave and the backscattered signal are in a DL band, gNB requires hardware modifications to receive in DL band as well as full-duplex capabilities, increasing its complexity.  What has been discussed for Topology 1 can be found in Table 1. We have the following proposals.
[bookmark: _Toc159248826]For Topology 1, gNB reception of backscattered signals in DL bands is not supported. 
[bookmark: _Toc159248827]For Topology 1, RAN1 to study Case I (both CW transmission and backscattered transmission in an UL band) and Case II (CW transmission in a DL band and backscattered transmission in an UL band). 
[bookmark: _Toc159248828]For Topology 1 Case II, the study includes feasibility of device capability of frequency shift, i.e., whether frequency shift can be supported by passive A-IoT devices and the magnitude of the frequency shift, if supported.

[bookmark: _Toc158296360]Table 1: Deployment options for Topology 1
	Cases of Topology 1  
	Carrier wave transmission in UL or DL band?
	Backscattered transmission in UL or DL band?
	Notes

	I
	UL
	UL
	(+) Low passive A-IoT device complexity without the need of frequency shift between UL and DL bands while backscattering 

(-) CWT-to-gNB interference

	II
	DL
	UL
	(+) CWT-to-gNB interference doesn't exist due to the frequency shift between UL and DL bands

(-) High passive A-IoT device complexity due to the support of frequency shift from DL to UL bands for backscattering 

	III
	DL
	DL
	(+) Low passive A-IoT device complexity without the need of frequency shift between UL and DL bands while backscattering 

(-) gNB requires hardware modifications to receive in DL band as well as full-duplex capabilities, increasing its complexity

(-) CWT-to-gNB interference



2.1.2	Topology 2
For Topology 2 with a network-controlled UE as an intermediate node, we first discuss the impact on passive devices and then the intermediate UE. 
Given the aforementioned UE complexity due to frequency shift between UL and DL bands, we consider carrier wave transmission and backscattered transmission are in the same band. The two cases, where backscattered transmission is respectively in UL band and DL band, are called Case IV and Case V and illustrated in Figure 2.        
[image: ][image: ]
(a) Case IV                                      (b) Case V
Figure 2: Cases in Topology 2
In Case IV, a passive A-IoT receives carrier wave and backscatters it in an UL band. Similar to Case I, CWT-to-intermediate UE interference and CWT-to-gNB interference are to be addressed. In Case V, where both carrier wave and backscattered transmission are in DL band, CWT-to-intermediate UE interference also exists.
Intermediate UEs, as a new element in Topology 2, may need to support additional functionalities. In Case IV, where backscattered transmission is in an UL band, the intermediate UE is required to receive in UL band. Moreover, it would be required to transmit in DL band, for instance, the inventory command. Transmitting in DL band and receiving in UL band is not supported by the current UEs and would be new functionalities of the intermediate UE. 
[bookmark: _Toc159248822]For Topology 2 Case IV, where the backscattered transmission from passive A-IoT devices is in an UL band, the intermediate UE is required to receive the backscattered signal in an UL band and transmit command to devices in DL band, as opposed to the current UE operations in FDD band.
[bookmark: _Toc159248829]For Topology 2 Case IV, where the backscattered transmission from passive A-IoT devices is in an UL band, RAN1 to study intermediate UE’s capability of receiving backscattered signal in an UL band and transmitting command to devices in DL band.
In Case V, an intermediate UE transmits command to devices in an UL band and receives backscattered signal in a DL band, the same as in current NR network. gNB is to schedule UL resources for the intermediate UE to transmit command to A-IoT devices to avoid UL interference at gNB.
A summary of what has been discussed for Topology 2 so far can be found in Table 2. We have the following proposals.
[bookmark: _Toc159248830]For Topology 2, RAN1 to study Case IV (both CW transmission and backscattered transmission in an UL band, command from intermediate UE to devices in a DL band) and Case V (both CW transmission and backscattered transmission in a DL band, command from intermediate UE to devices in an UL band).
[bookmark: _Toc159248831]For Topology 2 Case IV, the study includes intermediate UEs’ capability of receiving backscattered signal in an UL band and transmitting command to devices in DL band.
[bookmark: _Toc159248832]For Topology 2 Case V, the study includes how a gNB schedule UL resources for an intermediate UE to transmit command to A-IoT devices to avoid UL interference at gNB.
Table 2: Deployment options for Topology 2
	Case
	Carrier wave transmission in UL or DL band?
	Backscattered transmission in UL or DL band?
	Command from an intermediate UE to a device in UL or DL band?
	Notes

	IV
	UL
	UL
	DL
	(+) Low passive A-IoT device complexity without the need of frequency shift between UL and DL bands while backscattering.

(-) Study is needed on intermediate UEs' capability of receiving backscattered signal in an UL band and transmitting command to devices in DL band.

(-) CWT-to-intermediate UE interference and CWT-to-gNB interference.

	V
	DL
	DL
	UL
	(+) Low passive A-IoT device complexity without the need of frequency shift between UL and DL bands while backscattering.

(-) CWT-to-intermediate UE interference.

(*) gNB is to schedule UL resources for the intermediate node to transmit command to A-IoT devices to avoid UL interference at gNB.



With all the discussed cases for the two topologies, there are three combinations of UL and DL bands for carrier wave transmission and backscattered transmission, {UL, UL}, {DL, UL}, and {DL, DL}. If a UE must support more than one combination to accommodate the configuration of CWT and topologies, the complexity would be higher. It is worth noting that {UL, UL} exist for both topologies. 
[bookmark: _Toc159248833]RAN1 to consider UE complexity due to the support of multiple combinations of UL and DL bands for carrier wave transmission and backscattered transmission.

2.1.3	gNB as carrier wave transmitter	
The previous discussion about the two topologies is based on a CWT-A-IoT UL receiver bi-static mode, namely a carrier wave transmitter is a new element other than the existing network elements. In this section, we discuss the gNB mono-static and gNB bi-static modes, if gNB act as CWT in Topology 1.
[bookmark: _Toc158307102][bookmark: _Toc158307103][bookmark: _Toc158307107]In Topology 1 Case I, regardless of gNB mono-static mode or gNB bi-static mode, a gNB transmits a carrier wave in an UL band, and it or another gNB receives the backscattered transmissions in the same UL band, leading to the requirement of full-duplex capability. Moreover, it is unclear whether there may be any radio regulatory restraints on gNB transmitting in an UL band. 
[bookmark: _Toc159248823][bookmark: _Toc159079013][bookmark: _Toc159079189][bookmark: _Toc159079377][bookmark: _Toc159079424][bookmark: _Toc159080024][bookmark: _Toc159080141][bookmark: _Toc159079017][bookmark: _Toc159079193][bookmark: _Toc159079381][bookmark: _Toc159079428][bookmark: _Toc159080028][bookmark: _Toc159080145][bookmark: _Toc159179543][bookmark: _Toc159179599][bookmark: _Toc159179655][bookmark: _Toc159179708][bookmark: _Toc159179547][bookmark: _Toc159179603][bookmark: _Toc159179659][bookmark: _Toc159179712]In Topology 1 Case I (both CW transmission and backscattered transmission in an UL band), if gNB acts as CWT, regardless of gNB mono-static mode or gNB bi-static mode, full-duplex capability is required. It is unclear whether there may be any radio regulatory restraints on gNB transmitting in an UL band.     
In Topology 1 Case II (CW transmission in a DL band, backscattered transmission in an UL band), gNB transmits carrier wave in a DL band and receives the backscattered transmission in an UL band, like the usual gNB operation in FR1.
[bookmark: _Toc159248834]For Topology 1 Case I (both CW transmission and backscattered transmission in an UL band), do not support gNB being CWT because of the required full-duplex capability and possible radio regulatory issues.

2.1.2	Requirements on the carrier wave signal
Existing NR transmitters and receivers are based on Orthogonal frequency division multiplexing (OFDM). Given gNB or an intermediate UE is the Ambient IoT UL receiver, the physical layer design for backscatter communication should be compatible with OFDM, meaning that a backscatter device can communicate by modulating an incident signal that a traditional OFDM receiver can decode without significantly increasing the receiver’s complexity. Specifically, the bandwidth of the carrier wave and the subcarrier spacing should be integer multiples of the NR subcarrier spacing, so that the same FFT frontend could be reused at the receiver.  
[bookmark: _Toc159248835]To leverage commonality with gNB and intermediate UE as the Ambient IoT UL receiver, the backscattered signal from a passive A-IoT device should be compatible and decodable at a traditional OFDM receiver.
Backscatter communication is typically realized by switching between two (or more) antenna impedance states. It is possible to realize to different modulation schemes such as On-Off keying (OOK), variants of Frequency shift keying (FSK), Binary phase shift keying (BPSK) and Quaternary phase shift keying (QPSK) by modulating the switch between impedance states. 
A carrier wave might employ a single tone continuous waveform or a multi-tone continuous waveform. A single tone CW might allow for a simpler CWT node, but a multi-tone CW is more robust to frequency selective fading. Moreover, the use of multi-tone signals may also benefit passive devices that rely on RF energy harvesting since these signals may have a high peak-to-average-power ratio (PAPR) when received at the device, and thus, resulting in a higher output DC power [6,7]. The carrier wave transmitter must comply with similar RF requirements as communication equipment in the operating frequency band, e.g., the absolute spectrum mask requirements. In addition, power boosting in some frequency ranges and the leakage to adjacent channels are important aspects that need to be considered. 
[bookmark: _Toc159248836]RAN 1 to study the following aspects of carrier wave signal: 1) subcarrier spacing and bandwidth, with integer multiples of the NR subcarrier spacing as a starting point; 2) backscatter modulation schemes, which allow the backscattered signal to be decodable at an OFDM receiver without increasing the A-IoT device complexity; 3) single-tone and multi-tone carrier wave.
Another possible issue is related to carrier wave transmission to the passive A-IoT devices. A possibility is that carrier wave can also be modulated with some data, (e.g., ID associated with CWT), which may not be decoded at the passive IoT devices. The benefit is that gNB would know which tags are associated with one particular CWT. However, modulating the carrier wave may affect the efficiency of backscattering and energy harvesting and should be further studied. 
[bookmark: _Toc159248837]RAN 1 to discuss if the CW signals transmitted from CWT should carry any information (e.g., ID associated with CWT) for passive A-IoT devices and/or gNB.

2.2	Interference handling at Ambient IoT UL receiver (Topology 1 and 2)
A-IoT UL receiver refers to a gNB in Topology 1 and a network-controlled intermediate UE in Topology 2. In this section, we discuss the CWT-to-A-IoT UL receiver interference in both topologies. In section 2.3, we discuss the CWT-to-gNB interference in Topology 2.
As discussed in Section 2.1.1, if both carrier wave and backscattered transmission are transmitted in the same set of subcarrier(s) in a band, namely, there is a small or no frequency shift introduced, the received signal at an Ambient IoT UL receiver is a superposition of the direct signal from the CWT (interference from the perspective of backscattered signal) and the (desired) reflected signal from the backscattering device. The receiver needs to decode the backscattered signals amid a potentially stronger (and interfering) carrier wave signal transmitted by the CWT.
[bookmark: _Toc158307111][bookmark: _Toc159248824]If both carrier wave and backscattered transmission are transmitted in the same set of subcarrier(s) in a band, an A-IoT UL receiver needs to decode the backscattered signals amid a potentially stronger (and interfering) carrier wave signal transmitted by the CWT.
One way to make backscattered transmission robust against such interference is by physical layer backscatter modulation technique. The backscatter device modulates data by changing the state of its switch. In essence, this is equivalent to mixing the incident carrier wave with a square wave of frequency equal to the desired frequency shift for backscatter modulation. 
For example, let’s consider a single-tone carrier wave transmitted in a subcarrier. If a passive A-IoT device backscatters the carrier wave by shifting the frequency to the subcarriers at both sides of the CW’s subcarrier, an A-IoT UL receiver would receive the backscattered transmissions from the device in two subcarriers different from the CW subcarrier. It is the same to multi-tone carrier wave. Therefore, a frequency shift in the order of subcarriers, depending on frequency accuracy requirements, can mitigate the co-subcarrier interference. In addition, a good synchronization between the CWT and the UL receiver needs to be ensured since the receiver may need to estimate the frequency offset between the CWT and the receiver and compensate for it. 
[bookmark: _Toc159248825]If both carrier wave and backscattered transmission are transmitted in the same band, a frequency shift in the order of subcarriers, depending on frequency accuracy requirements, can mitigate the co-subcarrier interference. 
[bookmark: _Toc159248838]RAN1 to study the CWT-to-Ambient IoT UL receiver interference handling, including backscatter modulation and synchronization between CWT and the UL receiver.

2.3	Interference handling at NR base station (Topology 2)
In Topology 2, a NR base station is not an intended Ambient IoT UL receiver but may still suffer from interference from CWT. In Topology 2 Case IV, carrier wave is transmitted in an UL band, and it interferes with the gNB receiving the legacy UL transmissions. An example of interference mitigation schemes is for gNB to control carrier wave transmission, for example time or frequency resources.
[bookmark: _Toc159248839][bookmark: _Toc158307130][bookmark: _Toc158307131]RAN1 to study the handling of CWT-to-gNB interference in Topology 2, where carrier wave is transmitted in an UL band, for example whether and how carrier wave transmission from CWT can be controlled by gNB.
In Topology 1, we assume that the Ambient IoT UL receiver is implemented in an NR base station, and this case is discussed in Section 2.2.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The current passive devices, e.g., RFID, are capable of modest frequency shifts (e.g., on the order of tens or few hundreds of kHz).
Observation 2	In Topology 1 Case II, where the carrier wave is transmitted in a DL band and the backscattered signal is in an UL band, a passive A-IoT device is to implement frequency shifting as large as FDD duplexing separation, from tens to hundreds of MHz.
Observation 3	A frequency shift between UL and DL bands would need complex circuitry and may cause interference issue.
Observation 4	In both topologies, if both CW transmission and backscattered transmission are in the same UL band, CWT-to-Ambient IoT UL receiver co-channel interference may exist.
Observation 5	In Topology 1 Case II, where the carrier wave is transmitted in a DL band and the backscattered signal is in an UL band, it needs to study how to multiplex the DL command from gNB and carrier wave, both transmitted in DL band.
Observation 6	For Topology 2 Case IV, where the backscattered transmission from passive A-IoT devices is in an UL band, the intermediate UE is required to receive the backscattered signal in an UL band and transmit command to devices in DL band, as opposed to the current UE operations in FDD band.
Observation 7	In Topology 1 Case I (both CW transmission and backscattered transmission in an UL band), if gNB acts as CWT, regardless of gNB mono-static mode or gNB bi-static mode, full-duplex capability is required. It is unclear whether there may be any radio regulatory restraints on gNB transmitting in an UL band.
Observation 8	If both carrier wave and backscattered transmission are transmitted in the same set of subcarrier(s) in a band, an A-IoT UL receiver needs to decode the backscattered signals amid a potentially stronger (and interfering) carrier wave signal transmitted by the CWT.
Observation 9	If both carrier wave and backscattered transmission are transmitted in the same band, a frequency shift in the order of subcarriers, depending on frequency accuracy requirements, can mitigate the co-subcarrier interference.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For Topology 1, gNB reception of backscattered signals in DL bands is not supported.
Proposal 2	For Topology 1, RAN1 to study Case I (both CW transmission and backscattered transmission in an UL band) and Case II (CW transmission in a DL band and backscattered transmission in an UL band).
Proposal 3	For Topology 1 Case II, the study includes feasibility of device capability of frequency shift, i.e., whether frequency shift can be supported by passive A-IoT devices and the magnitude of the frequency shift, if supported.
Proposal 4	For Topology 2 Case IV, where the backscattered transmission from passive A-IoT devices is in an UL band, RAN1 to study intermediate UE’s capability of receiving backscattered signal in an UL band and transmitting command to devices in DL band.
Proposal 5	For Topology 2, RAN1 to study Case IV (both CW transmission and backscattered transmission in an UL band, command from intermediate UE to devices in a DL band) and Case V (both CW transmission and backscattered transmission in a DL band, command from intermediate UE to devices in an UL band).
Proposal 6	For Topology 2 Case IV, the study includes intermediate UEs’ capability of receiving backscattered signal in an UL band and transmitting command to devices in DL band.
Proposal 7	For Topology 2 Case V, the study includes how a gNB schedule UL resources for an intermediate UE to transmit command to A-IoT devices to avoid UL interference at gNB.
Proposal 8	RAN1 to consider UE complexity due to the support of multiple combinations of UL and DL bands for carrier wave transmission and backscattered transmission.
Proposal 9	For Topology 1 Case I (both CW transmission and backscattered transmission in an UL band), do not support gNB being CWT because of the required full-duplex capability and possible radio regulatory issues.
Proposal 10	To leverage commonality with gNB and intermediate UE as the Ambient IoT UL receiver, the backscattered signal from a passive A-IoT device should be compatible and decodable at a traditional OFDM receiver.
Proposal 11	RAN 1 to study the following aspects of carrier wave signal: 1) subcarrier spacing and bandwidth, with integer multiples of the NR subcarrier spacing as a starting point; 2) backscatter modulation schemes, which allow the backscattered signal to be decodable at an OFDM receiver without increasing the A-IoT device complexity; 3) single-tone and multi-tone carrier wave.
Proposal 12	RAN 1 to discuss if the CW signals transmitted from CWT should carry any information (e.g., ID associated with CWT) for passive A-IoT devices and/or gNB.
Proposal 13	RAN1 to study the CWT-to-Ambient IoT UL receiver interference handling, including backscatter modulation and synchronization between CWT and the UL receiver.
Proposal 14	RAN1 to study the handling of CWT-to-gNB interference in Topology 2, where carrier wave is transmitted in an UL band, for example whether and how carrier wave transmission from CWT can be controlled by gNB.
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