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Introduction
In the Ambient IoT revised SID [1], the following objectives relative to RAN1’s study are set within the general scope:
	The following objectives are set, within the General Scope:
1. Evaluation assumptions
[…]
2. Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
Study the feasibility and required functionalities for proximity determination, which is the determination of whether BS or intermediate UE and ambient IoT device are near each other or not (coordination with SA3 is required for privacy aspects).
· RAN1-led:
For the Ambient IoT DL and UL:
· Frame structure, synchronization and timing, random access
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
· Downlink channel/signal aspects
· Uplink channel/signal aspects
· Scheduling and timing relationships
· 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. 
       For Topology 2, no difference in physical layer design from Topology 1.


This contribution discusses the necessary characteristics of carrier-wave waveform for carrier-wave provided externally to the ambient IoT devices, and interference handling at Ambient IoT UL receiver, and at NR base station (BS).

Discussion
1.1 Characteristics of carrier-wave
Carrier-wave waveform
	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.

	RAN1#116
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.


According to the general scope in the SID, there are two types of Ambient IoT devices as described above. Type-i device’s UL transmission is backscattered on a carrier-wave (CW) provided externally. Type-ii device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally. The externally provided carrier wave should make sure that both types of devices can receive it and modulate some information on the backscattered signal. It was agreed in last meeting [2] that at least single-tone unmodulated sinusoid waveform is a candidate waveform for carrier wave for D2R backscattering, and multi-tone waveforms can be studied for R19 study item. Single-tone waveform is more desirable than multi-tone, and the benefits are analyzed and listed during last meeting [3], such as easier to handle self-interference and direct interference, simpler design for A-IoT readers. For multi-tone waveform, the only potential benefit is to combat the frequency selective fading, however, the whole multi-tone waveforms and backscattered signal are all faced to frequency selective fading since the bandwidth of A-IoT is supposed to be very narrow. For Type-ii devices with UL amplification inside, whether/how to amplify the backscattered signal on multiple frequency tones is an issue that needs to be considered. Besides the drawbacks listed in [3], multi-tone waveform requires wider bandwidth and more complicated designs, especially for intermediate node/reader in Topology 2. Multiple single tone waveforms consume several frequencies, while the occupied bandwidth by CW is considered as upper bound and lower bound in frequency. 
Observation 1: Multi-tone waveform for carrier wave for D2R backscattering requires wider bandwidth, more complicated design of BS/intermediate node for reception and interference cancellation.
Proposal 1: Single-tone waveform can be assumed as the baseline for carrier wave for D2R backscattering for R19 A-IoT.

Carrier-wave transmission on FDD band
	RAN1#116
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 RAN1#116 meeting, the above cases were agreed to be studied on CW transmission for Topology 1 and Topology 2, and the cases are shown in Figure 1 and Figure 2. According to the SID, FR1 licensed spectrum in FDD band is considered. The A-IoT devices are not supposed to be equipped with large frequency shift, which means that the backscattered signal is on the same spectrum with that of CW transmitted on.
Topology 1
BS is the receiver of the backscattered signal from A-IoT devices, and the CW is provided by BS or a CW node (CWN) other than the BS. When there is large number of A-IoT devices and co-site UEs within the same cell, it is infeasible for a BS to maintain such number of A-IoT devices by transmitting control/data, CW and meanwhile receiving backscattered signal. A Carrier-wave node (CWN) other than the BS can be the CW provider, and only provide CW to A-IoT devices.
In case 1-1, the CW is transmitted on DL spectrum, and the backscattered signal is also on the same DL spectrum. BS uses DL spectrum to transmit normal NR DL, to transmit A-IoT R2D (e.g. control/data), to transmit CW, and to receive backscattered signal. In case 1-2, BS uses UL spectrum to receive normal NR UL, to transmit CW, and to received backscattered signal. Based on the contributions and discussion in RAN1#116 which are summarized in [3], regulation framework is challenged by case 1-1 and case 1-2. According to the regulation, DL spectrum of FDD band only allows BS to transmit signal, and UL spectrum only allows UE to transmit signal. It is not clear that whether BS can use UL spectrum to transmit CW, and whether UE can use DL spectrum for backscattered signal. In case 1-4, a standalone CWN is used to provide CW, and UL spectrum is used to transmit CW and backscattered signal, which is a proper design without the above concerns.
Topology 2
An intermediate node (UE type device) can provide the CW to A-IoT devices and receive the backscattered signal. It requires the intermediate node to support DL/UL communication with BS, transfer A-IoT data/signaling between BS and A-IoT device, and provide CW to A-IoT device and receiving backscattered signal. The UE should have high capability to be able to support these functions. A CWN other than the intermediate node can provide the CW to A-IoT devices. 
In case 2-2, the intermediate node should have high capability to be able to transmit A-IoT R2D (e.g. control/data), to transmit CW and to receive backscattered signal simultaneously. Not like case 1-2 since BS is always supposed to be with high capability for transmission and reception, it requires the UE with higher complicated transmission and reception capability to be as an intermediate node in case 2-2. In case 2-3, the similar regulation issue should also be considered as that in Topology 1, while it is not clear that whether DL can be used by a standalone CWN to transmit CW and by a A-IoT device to backscatter. Case 2-4 is a proper design that a standalone CWN and UL spectrum is used for CW transmission and backscattering.
Proposal 2: Based on the contributions and discussion in the summary of last meeting, the regulation rule should be considered for case 1-1, case 1-2, and case 2-3.
Proposal 3: Case 1-4 and case 2-4 can be studied firstly as an assumption.


Figure 1. Topology 1: Carrier-wave Transmission on FDD band


Figure 2. Topology 2: Carrier-wave Transmission on FDD band
Considering the characteristics of backscattering, the backscattered wave always occurs within the same duration of incident CW to A-IoT device. When a CWN is providing the CW, BS or intermediate node should be ready to receive the backscattered wave on the same duration(s). In Topology 1, A-IoT R2D (e.g. control/data) is transmitted to A-IoT device using DL, while A-IoT R2D (e.g. control/data) is transmitted to A-IoT device on UL in Topology 2. It is infeasible for BS or intermediate node to transmit R2D, transmit A-IoT CW, and receive backscattering simultaneously. In order to reduce the complexity of both BS and intermediate node, it is recommended that CW and A-IoT control/data are TDMed when they are on the same band.
Proposal 4: Study the following TDMed transmission:
· When CW is provided by intermediated node on UL band, it is TDMed with A-IoT data/signaling transmitted by the UE on UL band.
No matter the CWN is BS, intermediate node or a standalone CWN, it is impractical to permanently provide CW. Even the A-IoT device can decide whether to backscatter or not, continuously providing CW may consumes large amount of energy/resource, creates more interference, and requires more complicated Tx/Rx RF functions. In order to have a highly efficient system, it is recommended to study the occasions when to provide CW. A CWN that can provide CW is under network control. For example, the CW can be provided only when it is needed, i.e. on-demand CW. Considering the CW may provide energy to zero-energy A-IoT devices in addition, the CW can also be provided periodically. Furthermore, how long a CW can last within each occasion should also be studied.
Proposal 5: The CWN that can provide CW is under network control.
Proposal 6: Study the following aspects when providing CW:
· CW is provided consistently or not.
· CW is provided on-demand, or periodically.
· How long each CW can last in an occasion.

1.2 Interference analysis and interference handling
A-IoT device with large frequency shift function
If an A-IoT device does not support frequency shift, which means that the backscattered wave is on the same band of CW. In such case, A-IoT device only backscatter the input CW without frequency shifting, which helps the device to have a very low cost and complexity. However, when the CW transmitter is also the receiver of the backscattered wave, it may lead to interference between CW and backscattered wave on the same band.
If an A-IoT device is capable with frequency shift function, the center frequency of backscattered wave can be different from the center frequency of CW. For example, when CW is transmitted on DL band, A-IoT device shifts the backscatter wave on to UL band, which can help to eliminate the interference between CW and backscatter wave on the same band. However, to realize frequency shifting, A-IoT device should be embedded with large frequency shift function, which highly increases the device cost and complexity.
Proposal 7: It can be assumed that A-IoT devices are not support large frequency shift as the baseline for study.

Interference between carrier-wave and backscattered signal
· Self-interference
In monostatic system, the transmitter node and receiver node are the same. In A-IoT system, BS (or a UE as intermediate node) is the transmitter of CW and the receiver of backscattered wave. The transmitter transmits CW while the receiver is listening the backscattered signal wave from the A-IoT device. In a single-antenna system, the transmitted CW signal bounces off its own antenna back into the receiver, which is considered as CW leakage. The transmitted CW normally has much higher power than the power of the backscattered wave, which leads to a strong self-interference issue. Furthermore, the transmitted CW can also be bounced off by any nearby objects, such as tables, people or metal box, and it introduces extra interference to the weak received signal from A-IoT device. In order to minimize the impact from self-interference in monostatic system, two isolated antennas can be used, one for transmitting CW and another one for receiving backscattered wave. Even there is still CW leakage between the two antennas, the leakage is very little and the interference can be ignored. However, using separate antennas has high complexity, high cost, and additional equipment size, especially for a UE. It can be studied the feasibility for BS and UE as intermediate node with separate antennas to transmit CW and receive backscattered wave, respectively. Besides isolated antennas, it can also be studied to use circulator or directional coupler to eliminate self-interference. From our perspective how to handle self-interference should be left to BS or intermediate node implementation.
· Direct interference
In bistatic system, the transmitter node and receiver node are different node. In A-IoT system, a CWN is the transmitter of CW, and the receiver of backscattered wave from A-IoT device is BS or a UE. The CWN is a different node from the BS or UE. The signal leakage issue can be eliminated in bistatic system, and the CWN should be under control of network, i.e. the network can schedule when the CWN can provide CW to A-IoT devices. However, the CW from CWN can also be an interference to the backscattered wave receiver at BS or at intermediate node UE if the CW with higher power on the same band. Such interference cancellation method should be studied. Furthermore, Bistatic system always requires a third node, other than the BS and UE, as a CWN near A-IoT devices to provide CW, which increase the cost of deployment.
Observation 2: There are two kinds of interference between CW and backscattered wave:
· Self-interference caused by CW leakage in monostatic system. 
· Direct interference between CW and backscattered wave in bistatic system.
Proposal 8: To handle the following interference issue:
· For self-interference, it should be up to BS or intermediate node implementation, and it may not require future normative work.
· For direct interference, study possible solutions to compensate the interference, which may need normative work.

Power control for carrier-wave transmission
During the discussion of RAN#103, it was clarified that the study for transmission power of carrier wave is allowed in Rel-19 A-IoT, which can be observed in the yellow highlight as follows.
	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


In our understanding, it is necessary to restrict the transmission power of carrier wave especially when UL spectrum is used for D2R backscattering transmission. This is mainly due to A-IoT devices do not have the capability to adjust its transmission power and hence the transmission power of carrier wave determines the transmission power of A-IoT device in general. Furthermore, power control for carrier wave will be beneficial for gNB to handle the interference between the carrier wave from CWN and the modulated waveform from A-IoT device as shown in Figure 3. Additionally, the near-far effect similar as NR UL transmission can also be addressed by setting a reasonable transmission power of carrier wave when gNB receives D2R transmissions from several A-IoT devices simultaneously.


Figure 3. D2R backscattering power control
In legacy NR UL transmission, UE adjusts its transmission power through both open-loop power control and close-loop power control mechanism. More specifically, the P0 and α are configured for UE and the pathloss between UE and gNB is utilized to calculate the transmission power in open-loop power control. In order to achieve the pathloss, some measurements according to SSB or CSI-RS are performed by UE. Meanwhile, gNB is able to control the transmission power of UE in another dynamic manner by sending TPC in DCI to the UE (i.e., close-loop power control). 
However, it seems that the open-loop power control mechanism is not applicable to determine the transmission power of carrier wave because the pathloss between CWN and A-IoT device as well as the pathloss between A-IoT device and gNB are difficult to be estimated. It is also infeasible to use the pathloss corresponding to the direct link between CWN and gNB when they are near from each other. By contrast, close-loop power control is a better choice. For example, gNB indicates an offset of transmission power to CWN by either UU interface or backhaul if it observes the received power from CWN and/or A-IoT device is out of range.
Observation 3: Open-loop power control is not applicable to determine the transmission power of CW.
Proposal 9: Close-loop power control should be studied for power control of CW.

Interference between carrier-wave/backscattered signal and legacy NR DL/UL
According to the SID [1], A-IoT system is co-existing with legacy cellular communication system, e.g. LTE/NR DL/UL, and a legacy UE is also used in Topology 2 to be an intermediate node for A-IoT data/signaling relay between BS and A-IoT devices. It is necessary to study the potential interference or collision between CW/backscattered signal and legacy DL/UL if they are on the same carrier. In the A-IoT system, FR1 licensed spectrum in FDD is assumed, and the BS is a FDD full-duplex station. For the UE as an intermediate node in Topology 2, an FDD full-duplex UE can also be considered as the UE can process legacy DL and UL on respective band simultaneously. Full-duplex has high requirements and high complexity on both BS and UE. In addition, for a A-IoT device, its backscattering occurs simultaneously with the input CW, and they are considered to occupy the same time domain resource(s). Regarding an A-IoT device may be capable with frequency shifting function, so that the CW and backscattered wave may be on different bands, e.g. CW on DL and the corresponding backscattered wave on UL. Besides, the CW provider may be different from the backscattered wave receiver if a third CWN is used. Therefore, the CW and backscattered wave can be discussed separately in different cases.
· Topology 1
· Case 1-1: BS transmits CW on DL and transmits NR signal on DL.
· Case 1-2: BS transmits CW on DL and receives NR signal on UL. Full-duplex
· Case 1-3: BS transmits CW on UL and transmits NR signal on DL.
· Case 1-4: BS transmits CW on UL and receives NR signal on UL. Interference/half-duplex
· Case 1-5: BS receives backscattered wave on DL and transmits NR signal on DL. Interference/half-duplex
· Case 1-6: BS receives backscattered wave on DL and receives NR signal on UL. 
· Case 1-7: BS receives backscattered wave on UL and receives NR signal on UL. Interference
· Case 1-8: BS receives backscattered wave on UL and transmits NR signal on DL. Full-duplex
It can be observed in case 1-1 and 1-2 that CW can be transmitted on DL without interfering BS’s legacy DL transmission and UL reception. How to simultaneously transmit CW and legacy DL on DL band is up to BS’s implementation. For case 1-3 and 1-4, first of all, whether BS can use UL band to transmit CW should be studied, e.g. regulation limitation. Even it can use UL band to transmit CW which is FDMed with legacy NR UL reception, in case 1-4, there is half-duplex issue for BS, and large amount of legacy UL signals with higher power can be a strong interference to the CW. If TDM is used on UL band for case 1-4, such kind of issue does not exist. It can also be up to BS implementation.
For BS receiving backscattered wave, it can be observed in case 1-5 that BS cannot receive and transmit DL simultaneously due to half-duplex issue, and the NR DL signals have strong interference on the backscattered wave. In case 1-7, backscattered wave on UL band and NR UL signals have interference to each other. It can be studied the solutions, such as TDM/FDM/CDM methods, or it can also be up to BS’s implementation.
· Topology 2
· Case 2-1: UE transmits CW on DL and receives NR signal on DL. Interference/half-duplex
· Case 2-2: UE transmits CW on DL and transmits NR signal on UL. 
· Case 2-3: UE transmits CW on UL and receives NR signal on DL. Full-duplex
· Case 2-4: UE transmits CW on UL and transmits NR signal on UL. 
· Case 2-5: UE receives backscattered wave on DL and receives NR signal on DL. Interference
· Case 2-6: UE receives backscattered wave on DL and transmits NR signal on UL. Full-duplex
· Case 2-7: UE receives backscattered wave on UL and receives NR signal on DL. 
· Case 2-8: UE receives backscattered wave on UL and transmits NR signal on UL. Interference/half-duplex
In Topology 2, a UE is used as intermediate node for A-IoT data/signaling relay. It can be observed that the interference/half-duplex issue happens because UE cannot transmit CW on DL and simultaneously receive NR DL signal. Furthermore, it should be studied that whether a UE can use DL for CW’s transmission, even it is a single frequency sinusoidal wave. There is no interference issue observed for case 2-2, 2-3 and 2-4. When the UE receives backscattered wave from A-IoT devices, interference/half-duplex issue is observed in case 2-5 and 2-8. In case 2-5, NR DL signal has strong interference to the backscattered wave on DL band. In addition, in case 2-8, a UE cannot receive backscattered wave on UL and simultaneously transmit NR UL signal due to half-duplex. For case 2-5 and 2-8, potential solutions can be studied to eliminate interference, e.g. backscattered wave and UE’s DL/UL are TDM. For case 2-6 and 2-7, since the backscattered wave and UE’s NR signal are on different band, there is no interference issue observed.
Observation 4: In Topology 1, 
· When BS transmits CW on DL, there is no interference issue to NR DL/UL signal.
· When BS transmits CW on UL, there is interference/half-duplex issue to NR UL signal.
· When BS receives backscattered wave, there is interference/half-duplex issue on the same band, i.e. DL-DL, UL-UL.
Proposal 10: Study the following aspects in Topology 1 on interference:
· Whether it is feasible for BS to transmit CW on UL.
· Potential solutions to eliminate interference between CW on UL and NR UL signal.
· Potential solution to eliminate interference between backscattered wave on DL/UL and NR DL/UL signals, or it can be up to BS’s implementation.
Observation 5: In Topology 2, 
· When UE transmits CW on DL, there is interference/half-duplex issue to UE’s NR DL reception.
· Otherwise, there is no interference issue observed for case 2-2, 2-3 and 2-4.
· When UE receives backscattered wave, there is interference/half-duplex issue on the same band, i.e. DL-DL, UL-UL.
Proposal 11: Study the following aspects in Topology 2 on interference:
· Whether it is feasible for UE to transmit CW on DL.
· For CW transmission and backscattered wave reception by a UE, study potential solutions to eliminate the interference/half-duplex issue, e.g. TDM between CW/backscattered wave and UE’s DL/UL.

Conclusion
In this contribution, the necessary characteristics of carrier-wave waveform for carrier wave provided externally to the ambient IoT devices, and interference handling at Ambient IoT UL receiver, and at NR BS are discussed. The observations and proposals can be concluded as follows:
Observation 1: Multi-tone waveform for carrier wave for D2R backscattering requires wider bandwidth, more complicated design of BS/intermediate node for reception and interference cancellation.
Observation 2: There are two kinds of interference between CW and backscattered wave:
· Self-interference caused by CW leakage in monostatic system. 
· Direct interference between CW and backscattered wave in bistatic system.
Observation 3: Open-loop power control is not applicable to determine the transmission power of CW.
Observation 4: In Topology 1, 
· When BS transmits CW on DL, there is no interference issue to NR DL/UL signal.
· When BS transmits CW on UL, there is interference/half-duplex issue to NR UL signal.
· When BS receives backscattered wave, there is interference/half-duplex issue on the same band, i.e. DL-DL, UL-UL.
Observation 5: In Topology 2, 
· When UE transmits CW on DL, there is interference/half-duplex issue to UE’s NR DL reception.
· Otherwise, there is no interference issue observed for case 2-2, 2-3 and 2-4.
· When UE receives backscattered wave, there is interference/half-duplex issue on the same band, i.e. DL-DL, UL-UL.

Proposal 1: Single-tone waveform can be assumed as the baseline for carrier wave for D2R backscattering for R19 A-IoT.
Proposal 2: Based on the contributions and discussion in the summary of last meeting, the regulation rule should be considered for case 1-1, case 1-2, and case 2-3.
Proposal 3: Case 1-4 and case 2-4 can be studied firstly as an assumption.
Proposal 4: Study the following TDMed transmission:
· When CW is provided by intermediated node on UL band, it is TDMed with A-IoT data/signaling transmitted by the UE on UL band.
Proposal 5: The CWN that can provide CW is under network control.
Proposal 6: Study the following aspects when providing CW:
· CW is provided consistently or not.
· CW is provided on-demand, or periodically.
· How long each CW can last in an occasion.
Proposal 7: It can be assumed that A-IoT devices are not support large frequency shift as the baseline for study.
Proposal 8: To handle the following interference issue:
· For self-interference, it should be up to BS or intermediate node implementation, and it may not require future normative work.
· For direct interference, study possible solutions to compensate the interference, which may need normative work.
Proposal 9: Close-loop power control should be studied for power control of CW.
Proposal 10: Study the following aspects in Topology 1 on interference:
· Whether it is feasible for BS to transmit CW on UL.
· Potential solutions to eliminate interference between CW on UL and NR UL signal.
· Potential solution to eliminate interference between backscattered wave on DL/UL and NR DL/UL signals, or it can be up to BS’s implementation.
Proposal 11: Study the following aspects in Topology 2 on interference:
· Whether it is feasible for UE to transmit CW on DL.
· For CW transmission and backscattered wave reception by a UE, study potential solutions to eliminate the interference/half-duplex issue, e.g. TDM between CW/backscattered wave and UE’s DL/UL.
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