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1. Introduction
RAN 1#116 has approved several points for further discussion, and the description is given as below [1]:
	Agreement
For R19 A-IoT study item, at least single-tone unmodulated sinusoid waveform is a candidate waveform for carrier wave for D2R backscattering.
Agreement
For R19 A-IoT study item, multi-tone waveforms for carrier wave for D2R backscattering can be studied.
Agreement
For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topology 1, the following cases for CW transmission are studied.
· Case 1-1: CW is transmitted from inside the topology, transmitted in DL spectrum
· Case 1-2: CW is transmitted from inside the topology, transmitted in UL spectrum
· Case 1-4: CW is transmitted from outside the topology, transmitted in UL spectrum
Agreement
For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topology 2, the following cases for CW transmission are studied.
· Case 2-2: CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in UL spectrum
· Case 2-3: CW is transmitted from outside the topology, transmitted in DL spectrum 
· Case 2-4: CW is transmitted from outside the topology, transmitted in UL spectrum


In this contribution, we will further discuss CW waveform characteristic, CW transmission and CW interference.  
2. CW waveform characteristic
1. 
2. 
CW waveform used for backscattering D2R transmission is divided into two options, single tone or multi-tone. Here, we give our views for these two waveforms.
2.1 Single-tone waveform
[bookmark: _Hlk163109230]AIoT devices support single-tone waveform due to its ultra-low complexity requirement. Several methods for cancelling self-interference or cross-link interference (CLI) have been concluded as below
· Hardware: circulators, directional couplers, antenna separation and self-interference canceller are used for cancelling interference at reader.
· Frequency shifter: for device 2, frequency shifter can be used for separating the spectrum, then the interference may be cancelled.
· D2R coding design [2]: as shown in figure 1, the periodicity of single-tone CW (s(t)) and periodic coding for bit 1 (B=1) and bit 0 (B=0) is exploited to cancel self-interference and CLI. However, synchronization between DR2 coding signal and single-tone CW should be maintained. This is difficult for device 1. We think device 2 may achieve this scheme if SFO can be smaller.  
[image: ]
Fig. 1 signle-tone CW and coding 
Observation 1: Hardware, frequency shifter and D2R coding design can be used for cancelling self-interference and CLI when using single-tone as CW.
Proposal 1: Modulation and coding design may be considered to cancel the self-interference and CLI for at least for device 2.
2.2 Multi-tone waveform
OFDM is one of multi-tone waveform, which is a main waveform used in NR. The merit of OFDM is that it can achieve high spectrum efficiency and high peak data rate using wide bandwidth. However, the data rate of AIoT system is not too high like NR legacy system, and it is not easy to use OFDM as CW in AIoT device. Here, we have some concerns as below
· If OFDM is used as CW waveform, how to handle the self-interference, CLI? 
· If circulators, directional couplers, antenna separation and self-interference canceller are used for cancelling interference at reader, we think it is more challenge than single-tone because of the narrow transmission bandwidth, e.g., 200KHz like NB-IoT. If frequency shifter is used for separating the spectrum, the interference may be cancelled, but it is suitable for device 2.
· A joint design based on OFDM as CW for device D2R waveform and reader detector is proposed in [3]. The authors construct the test statistic that cancels out the self-interference or CLI by exploiting the repeating structure of the external OFDM signals due to the use of cyclic prefix (CP), as shown in fig. 2. Here, N is the number of subcarriers of the OFDM signal s(n), Ncp is the length of CP at the beginning of each OFDM symbol. In order to cancel the self-interference or CLI, repetitive CPs are designed within one OFDM symbol, and design a specific D2R coding signal x(n) at device. This requires strict synchronization between reader and device. However, it is difficult for device due to the large SFO, e.g., device 1 with 10^5 SFO and device 2 with 10^3 SFO. Thus, we think this metho is difficult to handle interference if OFDM as CW.
[image: ]
Fig. 2 signal structure for OFDM-based CW
· In addition, OFDM-based D2R signal is received by reader, then the leakage self-interference will be more complexity than single-tone, e.g., intermodulation-interference, high PAPR, these components will increase the demodulation complexity of D2R signal. Meanwhile, the RF emission regulation like ACLR, ACS for AIoT may be redefined. 
[bookmark: _Hlk163109612]Observation 2:  It is difficult to handle the self-interference and CLI by hardware like antenna separation and circulation when OFDM-based CW is used for narrow bandwidth D2R transmission.
Observation 3:  It is difficult to handle the self-interference and CLI by signal design when OFDM-based CW is used for D2R transmission because of the low synchronization ability of AIoT device.
· If non-OFDM is used as CW waveform, e.g., two single tones within one occupied bandwidth, how to handle the self-interference, cross-link interference (CLI) and aliasing phenomenon? 
· Similar to the cancellation methods of single-tone, the interference cancellation for non-OFDM multi-tone can consider hardware cancellation, like circulators, directional couplers, antenna separation and self-interference canceller. 
· As shown in fig. 3, aliasing phenomenon will be generated when the center frequency of adjacent CW is close to each other and the backscatter link frequency (BLF) is relatively large. Thus, appropriate interval and BLF should be set to avoid aliasing phenomenon.


Fig. 3 Aliasing phenomenon based on multi-tone CW
Observation 4: Self-interference and CLI could be cancelled by hardware for non-OFDM based multi-tone CW.
Observation 5: For non-OFDM based multi-tone CW, aliasing phenomenon will be generated when the center frequency of adjacent CW is close to each other and the backscatter link frequency (BLF) is relatively large.
Proposal 2: OFDM-based multi-tone CW should not considered for AIoT due to the high complexity of cancelling interference. 
Proposal 3:  For non-OFDM based multi-tone CW, study the interference cancellation method and aliasing problem, e.g., power control and resource configuration. 
3. CW transmission
CW transmission of AIoT system leads to spectrum regulation issue. According to the FL summary in RAN 1#116 [4], the spectrum configuration of CW transmission has been discussed, and the agreed cases can be concluded as below
	· For topo 1, 
· Case 1-1: Inside CW (transmitted by BS), transmitted in DL spectrum
· Case 1-2: Inside CW (transmitted by BS), transmitted in UL spectrum
· Case 1-4: Outside CW (transmitted by standalone CW node), transmitted in UL spectrum
Notes: the above cases can be illustrated by the following figure 2.2-1 [13].
	Case 1-1
	Case 1-2
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Figure 2.2-1 CW transmission for topo 1
· For topo 2, 
· Case 2-2: Inside CW (transmitted by UE), transmitted in UL spectrum
· Case 2-3: Outside CW(transmitted by standalone emitter), transmitted in DL spectrum
· Case 2-4: Outside CW(transmitted by standalone emitter), transmitted in UL spectrum
Notes: the above cases can be illustrated by the following figure 2.2-2 [13].
	
	Case 2-2
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	Case 2-3
	Case 2-4
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Figure 2.2-2 CW transmission for topo 2


Observation 6: From above illustrations, it can be discovered that the D2R spectrum is same as CW spectrum whatever topology 1 or 2.  
Proposal 4: Clarify the D2R frequency spectrum in given cases according to CW transmission spectrum.
For case 1-2, gNB as CW source send CW to device in UL spectrum. Then, D2R signal is sent in same UL spectrum, which may conflict the regulatory restraints. Meanwhile, full-duplex should be supported in this case. In addition, when gNB receives the D2R signal in UL spectrum, D2R signal may be interfered by NR UL UE signal in same spectrum. It is not necessary to regulate the same UL spectrum to transmit and receive for case 1-2. Thus, case 1-2 should be further discussed its function and feasibility.
Observation 7: Case 1-2 may consider the spectrum restraints and coexistence interference in same UL spectrum.  
Proposal 5: Further discuss case 1-2 and consider to down select this case.
For case 2-3, UE receives the D2R signal in DL spectrum and CLI from outside CW node in same DL spectrum. UE needs to support full-duplex capability and cancel the CLI, and other coexistence interference due to the same DL signal from gNB may be received by UE. It is not necessary to regulate the same UL spectrum to transmit and receive for case 2-3. Thus, case 2-3 should be further discussed its function and feasibility.
Observation 8: Case 2-3 may consider the spectrum restraints and coexistence interference in same DL spectrum.  
Proposal 6: Further discuss case 2-3 and consider to down select this case.
4. Conclusion
In this contribution, we provide our views on the waveform characteristics of external CW for AIoT. The observations and proposals are listed as below:
Observation 1: Hardware, frequency shifter and D2R coding design can be used for cancelling self-interference and CLI when using single-tone as CW.
Observation 2:  It is difficult to handle the self-interference and CLI by hardware like antenna separation and circulation when OFDM-based CW is used for narrow bandwidth D2R transmission.
Observation 3:  It is difficult to handle the self-interference and CLI by signal design when OFDM-based CW is used for D2R transmission because of the low synchronization ability of AIoT device.
Observation 4: Self-interference and CLI could be cancelled by hardware for non-OFDM based multi-tone CW.
Observation 5: For non-OFDM based multi-tone CW, aliasing phenomenon will be generated when the center frequency of adjacent CW is close to each other and the backscatter link frequency (BLF) is relatively large.
Observation 6: From above illustrations, it can be discovered that the D2R spectrum is same as CW spectrum whatever topology 1 or 2.  
Observation 7: Case 1-2 may consider the spectrum restraints and coexistence interference in same UL spectrum.
Observation 8: Case 2-3 may consider the spectrum restraints and coexistence interference in same DL spectrum.  

Proposal 1: Modulation and coding design may be considered to cancel the self-interference and CLI for at least device 2.
Proposal 2: OFDM-based multi-tone CW should not considered for AIoT due to the high complexity of cancelling interference. 
Proposal 3:  For non-OFDM based multi-tone CW, study the interference cancellation method and aliasing problem, e.g., power control and resource configuration. 
Proposal 4: Clarify the D2R frequency spectrum in given cases according to CW transmission spectrum.
Proposal 5: Further discuss case 1-2 and consider to down select this case.
Proposal 6: Further discuss case 2-3 and consider to down select this case.
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