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1	Introduction
The “Study on solutions for Ambient IoT (Internet of Things) in NR” [1][2][3] 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 [4].
RAN1#116 was the first meeting in this study item. For this agenda item, we provided our initial views in [5], and the RAN1 discussion was captured in the feature lead summary in [6]. In this contribution, we present our views on carrier wave transmission, waveform, and interference handling.
[bookmark: _Ref178064866]2	CW characteristics
2.1	CW transmission
RAN1#116 made the following agreements regarding carrier wave (CW) transmission. Due to the limited time, only cases where no frequency shift between UL and DL bands were discussed. In this section, we discuss the agreed cases and also those which require frequency shift between UL and DL bands.
	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.




2.3.1	Topology 1
[bookmark: _Toc159079002][bookmark: _Toc159079178][bookmark: _Toc159079366][bookmark: _Toc159079413][bookmark: _Toc159080013][bookmark: _Toc159080130][bookmark: _Toc159179531][bookmark: _Toc159179587][bookmark: _Toc159179643][bookmark: _Toc159179698]For Topology 1, the agreed cases sketched in [6] can be found in Figure 1. Case 1-1 and Case 1-2 require a gNB to act as both a CW node and a reader. Since the assumption is that devices are incapable of a large frequency shift between UL and DL bands, both the cases require a hardware modification in gNB (i.e., adding a receiver chain in a DL band for case 1-1 and adding a transmit chain in UL band for case 1-2), and gNB full-duplex capabilities with efficient self-interference cancellation to allow simultaneous transmission and reception, increasing its complexity. For Cases 1-1 and 1-2 where carrier wave is emitted by the gNB, there needs to be a dense deployment of gNBs to illuminate the devices given its Rx sensitivity. Deploying a larger density of gNBs as carrier wave transmitters might be less cost-efficient than deploying external CW nodes. 
Observation 1 [bookmark: _Toc163235751]Cases 1-1 and 1-2 where carrier wave is emitted by the gNB require a hardware modification in gNB (i.e., adding a receiver chain in a DL band for case 1-1 and adding a transmit chain in UL band for case 1-2), and gNB full-duplex capabilities with efficient self-interference cancellation to allow simultaneous transmission and reception.
Observation 2 [bookmark: _Toc163235752]For Cases 1-1 and 1-2 where carrier wave is emitted by the gNB, there needs to be a dense deployment of gNBs to illuminate the devices, which might be less cost-efficient than deploying external CW nodes. 
In contrast, in Case 1-4, both the incident carrier wave signal and the backscattered transmission are in an UL band in a bi-static setup. gNB transmits PRDCH in a DL band and receives the backscattered transmission in UL band the same as in legacy FDD operation. 
Observation 3 [bookmark: _Toc163235753]For Cases 1-4, gNB transmits PRDCH in DL band and receives the backscattered transmission in UL band the same as in legacy FDD operation.

	Case 1-1
	

	[image: ]
	[image: ]

	
	

	Case 1-2
	Case 1-4

	[image: ]
	[image: ]


Figure 1: Cases agreed to study for Topology 1

As agreed in RAN#103, CW waveform characteristics of CW nodes, such as when CW is transmitted or not transmitted, power, bandwidth, spectrum, etc. would need control.
	RAN#103 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 base station.
· 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 addition, Proposal 2.2-1b was given for Case 1-4 in the previous feature lead summary [6].
	High Priority proposal 2.2-1b:
· For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topo 1, at least the following case(s) for CW transmission is studied.
· Case 1-4: CW is transmitted from outside the topology, transmitted in UL spectrum.
· FFS: the CW node should be controlled by base station
· FFS: the CW node maybe a UE.




The agreement and the proposal imply a possibility that gNB should control a CW node, which is a UE, in the aspects of time, frequency, power of CW transmission. It is unclear whether the control of a CW node, which is a UE, by a reader, which is a gNB, would incur any signaling or data in physical layer, higher layer signaling or application layer.
Observation 4 [bookmark: _Toc159248820][bookmark: _Toc163235754]It is unclear whether the control of a CW node, which is a UE, by a reader, which is a gNB, would incur any signaling or data in physical layer, higher layer signaling or application layer. 
[bookmark: _Toc159179528][bookmark: _Toc159179584][bookmark: _Toc159179640][bookmark: _Toc159179695]Based on the above observations, we therefore propose the following.
[bookmark: _Toc163235766]Prioritize case 1-4 for Topology 1. In case 1-4, study whether the control of a CW node, which is a UE, by a reader, which is a gNB, would incur any signaling or data in physical layer, higher layer signaling or application layer.
A drawback common for all the cases without a large frequency shift between CW transmission and backscattered transmission is the direct interference from CW node to gNB. In this sense, a large frequency shift between UL and DL FDD bands is a solution to counteract the CW node-to-gNB interference. A new case, Case 1-5, sketched in Figure 2, where an external CW node transmits a carrier wave in a DL band, and devices backscatter in an UL band, can be further studied.

[image: ]
Figure 2: Additional Case 1-5, where a large frequency shift between UL and DL FDD bands is supported.

Observation 5 [bookmark: _Toc163235755]A drawback common for all the cases without a large frequency shift between CW transmission and backscattered transmission is the direct interference from CW node to gNB.
[bookmark: _Toc163235767]An additional case 1-5 can be considered, where CW is transmitted from outside the topology and in a DL band, and backscattered transmission in an UL band. It avoids the direct interference from CW node to reader.
2.3.2	Topology 2
The cases agreed in RAN1#116 for Topology 2 are described in Figure 3. 

	Case 2-2
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Figure 3: Cases agreed to study for Topology 2

Both Cases 2-2 and 2-4 require additional hardware complexities at the intermediate UE to support full duplex. For Case 2-2, an intermediate UE serve as both CW node and a reader. Though there is an external CW node in Case 2-4, full duplex capability may be needed if an intermediate UE simultaneously receives the backscattered transmission in an UL band and transmits to gNB for Uu interface in the same UL band.
Case 2-3 allows for less complex intermediate UE without a need for full duplex, however at the cost of increased complexity at devices. In this case, devices receive CW transmission and backscatter it in a DL band, which is different from Case 1-4, where both CW transmission and backscattered transmission are in an UL band. Supporting both Case 1-4 and Case 2-3 may require devices to differentiate the two topologies.
Observation 6 [bookmark: _Toc163235756]Cases 2-2 and 2-4 require additional hardware complexities at the intermediate UE to support full duplex.
Observation 7 [bookmark: _Toc163235757]In Case 2-3, devices receive CW transmission and backscatter it in a DL band, which is different from Case 1-4. Supporting both Case 1-4 and Case 2-3 may require devices to differentiate the two topologies.
The devices with a large frequency shift capability can also be considered in Topology 2. Case 2-5 is illustrated in Figure 4, where CW transmission and D2R transmission are in a DL band and an UL band respectively, the same as in Case 1-5.
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Figure 4: Additional Case 2-5, where a large frequency shift between UL and DL FDD bands is supported.
Therefore, we propose the following.
[bookmark: _Toc163235768]RAN1 to study a new case 2-5 for topology 2, where CW transmission and D2R transmission are in a DL band and an UL band respectively.
2.2	CW waveform 
RAN1#116 made the following agreements regarding CW waveform. It has been agreed to study the use of single-tone and multi-tone signals as the CW illuminating the backscatter device. In this contribution, we also study OFDM-based CW signals. 
	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.



Existing NR transmitters and receivers are based on OFDM. Given gNB or an intermediate UE is the receiver for D2R transmissions from Ambient IoT, the physical layer design for backscatter communication can be compatible with OFDM as much as possible, so 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. In addition, these signals can be seamlessly multiplexed in the frequency domain together with 4G/5G OFDM signals.
Observation 8 [bookmark: _Toc163235758]Reusing OFDM signal as carrier wave can allow a reader to decode backscattered transmission by reusing OFDM receiver. 
Backscatter communication is typically realized by switching between two (or more) antenna impedance states. It is possible to realize 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. The rate at which the switching occurs controls the characteristics of the backscattered radio waves. For example, let us assume that the state of the switch is changed or modulated by a baseband signal of frequency . This would result in mixing the frequency of the impinging CW signal with the baseband frequency . This yields a reflected signal which contains two images of the incident CW signal at frequency offsets ± relative to the center frequency of the impinging CW signal (as illustrated in Fig. 5). It is feasible to reuse the legacy NR OFDM signals as a CW for backscatter communication by using some non-contiguous subcarriers.

[image: ]
Figure 5: A baseband signal with frequency  generates two images of each subcarrier, at the positions indicated by the dotted arrows. Here,  is shown to be equal to the subcarrier spacing.

Observation 9 [bookmark: _Toc163235759]It is feasible to reuse the legacy NR OFDM signals as a CW for backscatter communication by using some non-contiguous subcarriers.
Specifically, we study OFDM signals on a set of non-contiguous subcarriers as the CW. These non-contiguous subcarriers are called active subcarriers as illustrated in Fig. 6 below, and others are called muted subcarriers. The unmodulated single-tone carrier wave (continuous-wave) can be viewed a special case with only one active unmodulated subcarrier.
[image: ]
Figure 6: An example of non-contiguous OFDM signal as carrier wave signal
We first present the detection performance based on FSK backscatter modulation for three types of waveforms: unmodulated single-tone signal, unmodulated multi-tone signal (2 tones and 8 tones are studied), non-contiguous modulated multi-tone OFDM signal with 8 active subcarriers. The active subcarriers in the illuminating non-contiguous OFDM CW signal are assumed to carry QPSK modulated symbols. The evaluation assumptions are summarized in Table 1. 
Table 1: The evaluation assumptions and corresponding values
	Parameter
	Value

	CW type 
	· Single-tone signal;
· Unmodulated multi-tone signal (2 tones and 8 tones) 
· Non-contiguous modulated multi-tone OFDM signal (8 active subcarriers)

	Baseband modulation frequency (Backscatter Link Frequency)
	15 kHz for “0” and 30 kHz for “1” (FSK)

	A-IoT device modulation method
	FSK, OOK 

	Receiver
	-FFT-based Non-coherent detector for FSK
-Coherent detector for OOK

	Interference
	0 dB, i.e., Interference signal power is the same as the received backscattered signal power.

	Channel type
	AWGN and TDL-A 300 ns

	Subcarrier spacing 
	15 kHz

	Separation between adjacent tones 
	2-tone: 75 kHz, 600 kHz (TDL-A)
8-tone: 225 kHz
Non-contiguous OFDM: 225 kHz
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(a) AWGN channel 				(b) TDL-A channel

Figure 7: Detection performance of backscattered signals with FSK
The subcarrier spacing for OFDM signal is set to =15 kHz. The separation between adjacent tones of unmodulated and modulated (i.e., non-contiguous OFDM) multi-tone signal is an integer multiple  of the subcarrier spacing . In Fig. 7(a), we plot the results for an ideal scenario with an AWGN channel. It is shown that, for a fixed transmit power for the CW signal, backscattering based on a single tone CW signal performs better than multi-tone signals. This is because the non-coherent detector detects a bit by comparing the power of the received shifted tones corresponding to zeros and those corresponding to ones. Spreading the CW node transmit power among multiple tones rather than a single tone makes the backscattered signal more susceptible to noise and interference and degrades the performance. As can be expected, the performance worsens as the number of tones increases in an AWGN channel. 
Observation 10 [bookmark: _Toc163235760]In an ideal AWGN channel without fading, a single-tone CW signal outperforms a multi-tone CW signal for FSK-modulated backscattered signal.
In Fig. 7(b), a fading TDL-A 300 ns channel is used to evaluate the performance of the different CW waveforms. In contrast to Fig. 7(a), it is shown that backscattering based on a single tone CW signal provides the worst performance in a fading channel. Increasing the number of tones enhances the detection performance. If two tones with a small subcarrier spacing (<< the coherence bandwidth of the channel) is used, a small performance gain compared to a single tone CW can be obtained. On the other hand, using a wideband CW signal such as a two-tone signal with relatively large subcarrier spacing (≥ the coherence bandwidth of the channel) significantly enhances the detection performance of the backscattered signal. A similar observation can be drawn in the case of an (un)modulated multi-tone signal with 8 active tones. It can be noticed that the detection performance of the modulated non-contiguous OFDM CW signal with the same number of tones and the same number of active tones as the unmodulated 8-tone signal is slightly degraded (~1dB worse). 
Observation 11 [bookmark: _Toc163235761]In fading channels, a multi-tone CW signal outperforms a single-tone CW signal for the backscattered signal. 
Observation 12 [bookmark: _Toc163227154][bookmark: _Toc163251251][bookmark: _Toc163251334][bookmark: _Toc163235762]The detection performance of backscattered signals can be enhanced by employing wide band multi-tone signals as the CW. A multi-tone signal with bandwidth greater than or in the order of the coherence bandwidth of the channel provides a performance gain of ~8 dB compared to a single tone CW in fading channel conditions. 
Observation 13 [bookmark: _Toc163235763]Non-contiguous OFDM as CW shows ~ 1 dB degradation in the backscatter link performance compared to an unmodulated multi-tone signal with the same number of tones. 
[bookmark: _Toc163059134][bookmark: _Toc163060588][bookmark: _Toc163251260][bookmark: _Toc163251261][bookmark: _Toc163251262][bookmark: _Toc163251263][bookmark: _Toc163251264][bookmark: _Toc163251265][bookmark: _Toc163251266][bookmark: _Toc163251267][bookmark: _Toc163251268][bookmark: _Toc163227158][bookmark: _Toc163251269][bookmark: _Toc163251270][bookmark: _Toc163251271][bookmark: _Toc163251272][bookmark: _Toc163235769]RAN 1 to further study the different aspects affecting the selection of the CW signal, i.e., the bandwidth allocated to the A-IoT devices, channel conditions, band deployment (in-band, out-of-band, guard band), backscatter modulation/detection assumptions, and interference mitigation techniques. 
2.3	CW interference
An Ambient IoT reader refers to a gNB in Topology 1 and an intermediate UE in Topology 2. 
CW as a new signal, if transmitted in an UL band, may cause interference to the legacy UL transmission and the new backscattered transmission in the UL band. In the two cases, gNBs and Ambient IoT reader receivers can rely on spatial isolation to mitigate the in-band interference. Some other methods on time and frequency domain can also be considered. in Section 2.3.1, we discuss the interference from a CW node to a reader in Topology 1 Case 1-4 and Topology 2 Case 2-4, where CW is transmitted from outside the topology in UL spectrum. In Section 2.3.2, we discuss the interference from a CW node to a gNB in Topology 2.
2.3.1	CW interference to Ambient IoT reader
As discussed in Section 2.1, if both carrier wave and backscattered transmission are transmitted in the same a band, namely, there is no or a small frequency shift introduced, the received signal at a reader is a superposition of the direct signal from a CW node (interference from the perspective of backscattered signal) and the (desired) reflected signal from the backscattering device. The reader needs to decode the backscattered signals amid a potentially stronger (and interfering) carrier wave signal transmitted by the CW node.
Observation 14 [bookmark: _Toc158307111][bookmark: _Toc159248824][bookmark: _Toc163235764]If both carrier wave and backscattered transmission are transmitted in the same band, a reader needs to decode the backscattered signals amid a potentially stronger (and interfering) carrier wave signal transmitted by a CW node.
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, as illustrated in Figure 5, a reader 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 CW node and the reader needs to be ensured since the reader may need to estimate the frequency offset between the CW node and the reader and compensate for it. 
Observation 15 [bookmark: _Toc159248825][bookmark: _Toc163235765]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][bookmark: _Toc163235770]RAN1 to study the CW node-to-reader interference handling, including backscatter modulation and synchronization between CWT and the reader.
2.3.2	CW interference to NR base station
In Topology 2, a NR base station is not an intended reader but may still suffer from interference from a CW node. In Topology 2 Case 2-4, 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: _Toc163235771][bookmark: _Toc158307130][bookmark: _Toc158307131]RAN1 to study the handling of interference from a CW node to a gNB in Topology 2 Case 2-4, where carrier wave is transmitted in an UL band. For example, time or frequency resources of carrier wave transmission from a CW node is controlled by gNB.
4	Conclusion
In the previous sections we made the following observations: 
Observation 1	Cases 1-1 and 1-2 where carrier wave is emitted by the gNB require a hardware modification in gNB (i.e., adding a receiver chain in a DL band for case 1-1 and adding a transmit chain in UL band for case 1-2), and gNB full-duplex capabilities with efficient self-interference cancellation to allow simultaneous transmission and reception.
Observation 2	For Cases 1-1 and 1-2 where carrier wave is emitted by the gNB, there needs to be a dense deployment of gNBs to illuminate the devices, which might be less cost-efficient than deploying external CW nodes.
Observation 3	For Cases 1-4, gNB transmits PRDCH in DL band and receives the backscattered transmission in UL band the same as in legacy FDD operation.
Observation 4	It is unclear whether the control of a CW node, which is a UE, by a reader, which is a gNB, would incur any signaling or data in physical layer, higher layer signaling or application layer.
Observation 5	A drawback common for all the cases without a large frequency shift between CW transmission and backscattered transmission is the direct interference from CW node to gNB.
Observation 6	Cases 2-2 and 2-4 require additional hardware complexities at the intermediate UE to support full duplex.
Observation 7	In Case 2-3, devices receive CW transmission and backscatter it in a DL band, which is different from Case 1-4. Supporting both Case 1-4 and Case 2-3 may require devices to differentiate the two topologies.
Observation 8	Reusing OFDM signal as carrier wave can allow a reader to decode backscattered transmission by reusing OFDM receiver.
Observation 9	It is feasible to reuse the legacy NR OFDM signals as a CW for backscatter communication by using some non-contiguous subcarriers.
Observation 10	In an ideal AWGN channel without fading, a single-tone CW signal outperforms a multi-tone CW signal for FSK-modulated backscattered signal.
Observation 11	In fading channels, a multi-tone CW signal outperforms a single-tone CW signal for the backscattered signal.
Observation 12	The detection performance of backscattered signals can be enhanced by employing wide band multi-tone signals as the CW. A multi-tone signal with bandwidth greater than or in the order of the coherence bandwidth of the channel provides a performance gain of ~8 dB compared to a single tone CW in fading channel conditions.
Observation 13	Non-contiguous OFDM as CW shows ~ 1 dB degradation in the backscatter link performance compared to an unmodulated multi-tone signal with the same number of tones.
Observation 14	If both carrier wave and backscattered transmission are transmitted in the same band, a reader needs to decode the backscattered signals amid a potentially stronger (and interfering) carrier wave signal transmitted by a CW node.
Observation 15	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	Prioritize case 1-4 for Topology 1. In case 1-4, study whether the control of a CW node, which is a UE, by a reader, which is a gNB, would incur any signaling or data in physical layer, higher layer signaling or application layer.
Proposal 2	An additional case 1-5 can be considered, where CW is transmitted from outside the topology and in a DL band, and backscattered transmission in an UL band. It avoids the direct interference from CW node to reader.
Proposal 3	RAN1 to study a new case 2-5 for topology 2, where CW transmission and D2R transmission are in a DL band and an UL band respectively.
Proposal 4	RAN 1 to further study the different aspects affecting the selection of the CW signal, i.e., the bandwidth allocated to the A-IoT devices, channel conditions, band deployment (in-band, out-of-band, guard band), backscatter modulation/detection assumptions, and interference mitigation techniques.
Proposal 5	RAN1 to study the CW node-to-reader interference handling, including backscatter modulation and synchronization between CWT and the reader.
Proposal 6	RAN1 to study the handling of interference from a CW node to a gNB in Topology 2 Case 2-4, where carrier wave is transmitted in an UL band. For example, time or frequency resources of carrier wave transmission from a CW node is controlled by gNB.

[bookmark: _In-sequence_SDU_delivery]References
RP-240826, “Revised SID: Study on solutions for Ambient IoT (Internet of Things) in NR”, CMCC, Huawei, T-Mobile USA, RAN#103, March 2024.
R1-2400328, “Ambient IoT Study Item work plan”, CMCC, Huawei, T-Mobile USA, RAN1#116, February 2024.
R1-2401795, “Skeleton for TR 38.769 “Study on Solutions for Ambient IoT (Internet of Things)” v0.0.1”, Huawei (TR editor), RAN1#116, February 2024.
TR 38.848 V18.0.0, “Study on Ambient IoT (Internet of Things) in RAN (Release 18)”, 3GPP, September 2023.
R1-2400080, “Waveform characteristics of carrier wave provided externally to the Ambient IoT device”, Ericsson, RAN1#116, February 2024.
R1-2401855, “Final FL summary on CW waveform characteristics for A-IoT”, Moderator (Spreadtrum Communications), RAN1#116, February 2024.
	4/4	
image1.png
eeeee




image2.png
ow
—.—.—.—.  Readerdevice
Device-Reader
N oL spectrum
N UL spectrum





image3.png
eeeee




image4.png
device




image5.jpg
Carrier wave transmitter

Passive tag

4+ Backscatter reflection

AN\\\«  Carrier wave
—  Downlinkdata




image6.png
Q) v
A==0-=X

aNB




image7.png
- = ok
((( ) /

CW node




image8.png




image9.png
Carrier wave transmitter

Passive tag

Backscatter reflection

Carrier wave

Downlink data





image10.svg
                 Passive tag   f_ul  Backscatter reflection  Carrier wave  Carrier wave transmitter f _dl            UE   gNB      f _dl    DL UL   Downlink data  Uu     DL UL 


image11.emf
frequency


image12.png
[N DO DO IO

frequency

]‘ Active sub-carrier ® Muted sub-carrier




image13.png
10%ackscattering with FSK (AWGN Channel)-Non Coherent detection

E o
u 10

——— single-tone
— -G — two-tone (Aj = 75 kHz)
— 3 — 8-tones (Ay =225 kHz)
~-—#--~- Non-cont. OFDM (8 active)

25 20 A5
SNR [dB]




image14.jpeg
woBackscaﬂering with FSK (TDLA-300ns)-Non Coherent detection

% -1
010

—%— single-tone

- G-~ two-tone (A; = 75 kHz)
—&— two tones (A; = 600 kHz)
—&— S-tones (A; = 225 kHz)

~ - Non-cont. OFDM (8 active)

10?2
-25 -20 -15

-10 0 5
SNR [dB]




