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[bookmark: _Ref521334010]Introduction
In RAN#103 meeting, a revised SID on Ambient IoT in NR was approved [1]. This study item will include the following objectives.
	1. 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.


In this contribution, we provide our views on different aspects of characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device.
Discussion
Waveform characteristics of carrier wave
It has been agreed in RAN1#116 that single tone waveform is a candidate waveform for carrier wave for D2R backscattering [2]. Multi-tone waveforms for carrier wave are further studied for carrier wave including multiple single tones not continuous in frequency domain and OFDM signal mapped in continuous subcarriers.
	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.



For multiple single tones, more than one single tone are multiplexed with super-positioned of multiple single-tone waveforms and transmitted to the A-IoT devices at different frequency positions as shown in Figure 1. The A-IoT device would receive the super-positioned waveforms of different frequency subbands. The backscattered signals corresponding to all/partial single tones would be extracted by the RF filter based on A-IoT devices capability. The RF matching network and envelope detector at A-IoT device would not be able to filter out of waveform for each tone. The complexity of the A-IoT device would increase exponentially with multiple single tone carrier wave reception with the wideband matching network and RF bandpass filter for each subband. In addition, if beamforming can be used to concentrate the energy with additional antenna gain and improve the transmission power spectrum intensity of the single tone carrier wave as shown in Figure 2. There is no distinct advantage of using multiple single tones. Hence, the consideration of multiple single tone carrier waves should be deprioritized in Rel-19 study.
[bookmark: _Ref157526782][bookmark: OLE_LINK18][bookmark: OLE_LINK19][image: ]
[bookmark: _Ref161909337]Figure 1: Illustration of FDM signal containing multiple single tones
[image: ]
[bookmark: _Ref159173200]Figure 2: Beamforming for single tone
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]For multi-tone OFDM signal, excitation signal with OFDM waveform has been studied in WiFi backscatter [3],[4],[5]. OFDM based carrier wave is a wideband signal and provides more energy than single tone. However, self-interference cancelation to eliminate a wideband signal is more complicated than that of single tone. Similarly, the demodulation at receiver of reader is also more complicated. What’s more, Device 2b cannot internally generate OFDM signal due to the lack of IFFT/FFT capability. Common design for Device 1 and Device 2 is impossible if OFDM waveform is adopted. Hence, OFDM signal should be deprioritized in the Rel-19 study with common design of Device 1 and Device 2.
Proposal 1: Considering the complexity of the A-IoT device caused by multiple RF bandpass filters for multiple single tone carrier wave receptions, multiple single tone carrier waves should be deprioritized in Rel-19 study.
Proposal 2: Considering the common design for Device 1 and Device 2, multi-tone OFDM signal should be deprioritized in the Rel-19 A-IoT study.
Proposal 3: Multi-tone waveforms for carrier wave for D2R backscattering should be deprioritized in Rel-19 A-IoT.

[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK12][bookmark: OLE_LINK13]The passive A-IoT devices might consist of ring oscillator and frequency shifter with low power consumption in the range of nw. The cheap frequency shifter might have the limited capability of frequency shifting up to a few MHz. The frequency shifter in the A-IoT passive devices might not be capable of spectrum shifting 30-40 MHz from the DL spectrum to the UL spectrum for backscattered the response signal. 
Further, power consumption increases exponentially for the frequency shifter as the range of frequency switching increases. According to the NR operating bands in FR1 specified in TS38.104, the minimum gap between DL band and UL band in FDD band spectrum is 45MHz in n8 [6]. 1 µW peak power consumption in Device 1 cannot even able to support the minimum switching frequency [7].
Observation 1: A-IoT devices have limited capability of frequency shifting especially for Device 1.
The inter-channel interference between the NR signals/channels and the carrier wave transmitted on UL spectrum is different to that transmitted on DL spectrum. For carrier wave transmitted on UL spectrum, the Ambient IoT signals is considered as one of received signals from all UE super-positioned arrived at the gNB UL receiver. The inter-channel interference created by the carrier wave is similar to that of another UE transmitted on the UL spectrum to the gNB and can be filtered out by simple RF bandpass filter. The carrier wave transmitted on the DL spectrum needs to consider the inter-channel interference between NR signals and carrier wave after the IFFT processing. The super-position of the carrier wave and the NR channel/signals would have strong ICI at the A- IoT device if carrier wave is transmitted in DL spectrum. Both the frequency shifting capability and inter-channel interference between NR signals and carrier wave should be considered when determining the transmission spectrum of the carrier wave.
Observation 2: A-IoT devices would suffer strong ICI between carrier wave and NE channel/signals when the carrier wave is transmitted in DL spectrum.
Proposal 4: Considering the impact of following factors when determining the transmission spectrum of carrier wave.
· The capability of frequency shifter of A-IoT devices.
· The interference between the carrier wave and NR signals.
The cases of carrier wave transmission for the A-IoT devices without frequency shift capability were discussed in RAN1#116 meeting and following agreements were achieved for Topology 1 and Topology 2, respectively [2].
	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
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]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 addition, according to the discussion in RAN#103, the study of carrier wave transmitted inside or outside the topology is proposed to be out of SI scope in Rel-19 [8]. The discussion should focus on whether the carrier wave is transmitted in DL spectrum or in UL spectrum. The carrier wave node inside or outside the topology is up to implementation.
A-IoT devices do not distinguish the carrier wave transmitted from Topology 1 or Topology 2. Hence, common design is needed for carrier wave transmission to avoid device confusion about which spectrum to receive carrier wave. The concern of the carrier wave on the UL spectrum by the gNB was raised during RAN1#116 and RAN#103 discussions. However, the NR IAB feature already supported the gNB backhaul transmission on the UL spectrum to the donor gNB. The workaround solution of regulation constraint of the gNB transmission on the UL spectrum was to have the certification of the gNB transmission on the UL spectrum as one UE in some regions to avoid against the regulation. In the objective of ambient study in Rel-19, Ambient IoT device (including backscattering when used) can occur at least in UL spectrum [1]. Considering the case that D2R backscattering is transmitted in the same carrier as carrier wave provided externally to A-IoT devices, the carrier wave should be transmitted in the UL spectrum. 
Proposal 5: For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, the carrier wave should be transmitted in UL spectrum for both Topology 1 and Topology 2.
A-IoT devices would not transmit the response signals to the gNB or intermediate node UE unless it has received and properly decoded the R2D signal and retrieved the control information correctly. The R2D signal is a kind of carrier wave from the gNB or intermediate node UE in carrying the control information for the A-IoT to respond. The unmodulated carrier wave is transmitted after the R2D signal to allow A-IoT device processing the R2D signal and to avoid the interference caused by simultaneous transmission in the same spectrum. The timing relationship between carrier wave and R2D signal is shown in Figure 3.

[bookmark: _Ref157610051]Figure 3: Timing relationship between interrogation signal and carrier wave
Proposal 6: Carrier-wave should be transmitted after the R2D signal to allow the A-IoT device processing the R2D signals.
[bookmark: _Ref157937029]Interference of carrier wave
A-IoT devices would modulate and encode the received carrier wave before backscattering. Since the receiver of the UL transmission is gNB or intermediate node UE with better demodulation capability, various modulation methods can be used in UL transmission as discussed in [9], e.g. ASK, PSK and FSK. Interference only occurs in case that gNB or intermediate node will receive the backscatter signals at the transmitting frequency of the carrier wave with ASK/PSK modulation. Such interference can be mitigated in FSK modulation due to the frequency shifting so that the carrier wave signal scattered from the objects in the environment other than the A-IoT devices has no impact on the backscattered signals.
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]In addition, the interference at the same frequency can be alleviated if the receiving frequency of the backscattered signal can be shifted from the carrier wave with ASK/PSK modulation to another FDMed backscattered channel through ring oscillator and frequency shifter of the passive A-IoT devices. 
[bookmark: OLE_LINK29][bookmark: OLE_LINK34]However, considering the continuous power consumption of frequency shifting and the limited energy storage in Device 1, using frequency shifter to alleviate interference is more suitable for Device 2.
Observation 3: Frequency shifting including FSK modulation is beneficial to avoid interference when carrier wave and backscatter signal are transmitted in the same subband.
In monostatic backscatter communication, in addition to the direct leakage from transmitter antenna to the receiver antenna, self-interference caused by carrier wave signal backscattered from the objects in the environment other than the A-IoT devices has impact on the backscattered signals at the same frequency. Figure 4 is an example for self-interference in monostatic backscatter communication. The left represents the carrier wave provided by gNB or an external emitter co-sited with gNB in Topology 1 and the right represents the carrier wave provided by an intermediate node, e.g. UE in Topology 2. In either case, reader would receive the unmodulated carrier wave and the backscatter signal from A-IoT devices simultaneously at the same frequency.
    
[bookmark: _Ref157627635][bookmark: OLE_LINK1]Figure 4: Illustration of self-interference in monostatic backscatter communication
[bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK8][bookmark: OLE_LINK9]Bistatic backscatter communication is a method to avoid direct leakage and self-interference by separating the transmitting node of the carrier wave from the receiving node of the reader. Although physical isolation of the transmitting and receiving antennas can alleviate interference, the interference of the carrier wave on backscatter signal from the direct link cannot be ignored in both Topology 1 and Topology 2 as shown in Figure 5, respectively. Due to the significantly lower carrier wave power received by a bistatic receiver compared to monostatic receiver, direct link interference problem for bistatic backscatter communication is less obviously than self-interference for monostatic backscatter communication. 
       
[bookmark: _Ref157710894][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK26][bookmark: OLE_LINK27]Figure 5: Illustration of direct link interference in bistatic backscatter communication
In summary, both self-interference cancelation in monostatic backscatter communication and direct link interference cancelation in bistatic backscatter communication should be discussed to improve the demodulation performance of the backscattered signal at the reader. 
According to the discussion in RAN#103, it is supported to further study carrier wave characteristics that affect interference can be under the control of the reader. If the carrier wave is known to the reader, self-interference or direct link interference caused by the carrier wave can be easily handled at the reader.
Observation 4: The carrier wave provided under the control of the reader is facilitating to the interference cancelation. 
[bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK30][bookmark: OLE_LINK31]Proposal 7: Self-interference cancelation and direct link interference cancelation should be studied for bistatic backscatter communication and monostatic backscatter communication, respectively.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]The reader may be received a group of response signals from multiple devices associated with a common R2D signal. Considering the transmission of the backscattered signal is non-directional, it may be received by other A-IoT devices nearby. As shown in Figure 6, Device b is not expected to receive the backscattered signal from Device a, which is an interference at the time of receiving the carrier wave provided to Device b for backscattering, and vice versa. Solutions such as TDM backscattering among different A-IoT devices can be studied to handle the interference.

[bookmark: _Ref162015981]Figure 6: Illustration of inter-device interference in case of the same reader
Further, if Device a and Device b receive separate R2D signals and carrier waves from different readers as shown in Figure 7, the response timing of each device may be separately controlled by the corresponding reader. The interactive between the readers in needed to ensure the TDM backscattering among different A-IoT devices.

[bookmark: _Ref162019757]Figure 7: Illustration of inter-device interference in case of different readers
Proposal 8: Inter-device interference cancelation should be studied in following cases.
· Devices communicate with the same reader.
· Devices communicate with different readers.
Considering the NR signals from UE to gNB are transmitted in UL spectrum and may be the same as the spectrum for carrier wave and backscattered signal, the following interference cases should be studied in Topology 1.
· [bookmark: _GoBack]Case 1: Interference of NR UL signal on carrier wave at A-IoT device
· Case 2: interference of NR UL signal on backscattered signal at gNB
For Case 1, an NR UL signal transmitted by UE is non-directional. It may be received by A-IoT devices together with the carrier wave as shown in Figure 8. Then, the carrier wave externally provided to the A-IoT devices cannot be distinguished from the NR UL signal due to the low device capability. Since the transmission time of the carrier wave and NR signal can be up to gNB scheduling, TDM transmission between carrier wave and NR UL signal is a feasible solution.
[bookmark: OLE_LINK11][bookmark: OLE_LINK28]
[bookmark: _Ref162188276]Figure 8: Interference between NR UL signal and carrier wave in Topology 1
For Case 2, as shown in Figure 9, NR UL signal is not expected to be received by gNB together with the backscattered signal due to the mutual interference. In addition to the TDM solution similar as that in Case 1, FDM transmission can also be considered to separate the signals at gNB side. Occupied bandwidth including possible guard period for the backscattered signal to exclude the interference is discussed in [9].

[bookmark: _Ref162188429]Figure 9: Interference between NR UL signal and backscattered signal in Topology 1
As shown in Figure 10, similar interference issues also exist in Topology 2, e.g. interference between NR UL signal and carrier wave at A-IoT device and interference between NR UL signal and backscattered signal. The same handling methods including TDM and FDM in Topology 1 can be used for Topology 2.
 
[bookmark: _Ref162190516]Figure 10: Interference between NR UL signal and A-IoT transmissions in Topology 2
Proposal 9: Interference between NR UL signal and R2D/D2R A-IoT transmissions in UL spectrum should be studied.
Conclusion
In this contribution, we share our views on characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device. The observations and proposals are summarized as follows:
Observation 1: A-IoT devices have limited capability of frequency shifting especially for Device 1.
Observation 2: A-IoT devices would suffer strong ICI between carrier wave and NE channel/signals when the carrier wave is transmitted in DL spectrum.
Observation 3: Frequency shifting including FSK modulation is beneficial to avoid interference when carrier wave and backscatter signal are transmitted in the same subband.
Observation 4: The carrier wave provided under the control of the reader is facilitating to the interference cancelation. 

Proposal 1: Considering the complexity of the A-IoT device caused by multiple RF bandpass filters for multiple single tone carrier wave receptions, multiple single tone carrier waves should be deprioritized in Rel-19 study.
Proposal 2: Considering the common design for Device 1 and Device 2, multi-tone OFDM signal should be deprioritized in the Rel-19 A-IoT study.
Proposal 3: Multi-tone waveforms for carrier wave for D2R backscattering should be deprioritized in Rel-19 A-IoT.
Proposal 4: Considering the impact of following factors when determining the transmission spectrum of carrier wave.
· The capability of frequency shifter of A-IoT devices.
· The interference between the carrier wave and NR signals.
Proposal 5: For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, the carrier wave should be transmitted in UL spectrum for both Topology 1 and Topology 2.
Proposal 6: Carrier-wave should be transmitted after the R2D signal to allow the A-IoT device processing the R2D signals.
Proposal 7: Self-interference cancelation and direct link interference cancelation should be studied for bistatic backscatter communication and monostatic backscatter communication, respectively.
Proposal 8: Inter-device interference cancelation should be studied in following cases.
· Devices communicate with the same reader.
· Devices communicate with different readers.
Proposal 9: Interference between NR UL signal and R2D/D2R A-IoT transmissions in UL spectrum should be studied.
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