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[bookmark: _Ref506539118]Introduction
At the RAN1#116 meeting, the following agreements were made for waveform characteristics of carrier-wave provided externally to the A-IoT device [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 the contribution, we present our views on waveform characteristics of carrier-wave provided externally to the A-IoT device. Our views on deployment scenarios and evaluation assumptions, frame structure and timing aspects, and downlink and uplink channel/signal aspects are described in our companion contributions [2], [3] and [4], respectively.
Discussions on carrier-wave transmission
At the RAN1#116 meeting, the following A-IoT device types have been identified for study [1]:
· Device 1: ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither R2D nor D2R amplification in the device. The device’s D2R transmission is backscattered on a carrier wave provided externally.
· Device 2a: ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both R2D and/or D2R amplification in the device. The device’s D2R transmission is backscattered on a carrier wave provided externally.
· Device 2b: ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both R2D and/or D2R amplification in the device. The device’s D2R transmission is generated internally by the device.
Further, as indicated in the SID, the following deployment scenarios and topologies have been identified for study [5], as shown in the Figure 1. 
· Deployment scenario 1 with Topology 1
· Basestation and coexistence characteristics: Micro-cell, co-site
· Deployment scenario 2 with Topology 2 and UE as intermediate node, under network control
· Basestation and coexistence characteristics: Macro-cell, co-site
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[bookmark: _Ref158031195]Figure 1. Deployment scenarios and topologies for A-IoT system

CW transmission in Topology 1
At the RAN1#116 meeting, it was agreed the following cases can be studied when D2R backscattering is transmitted in the same carrier as CW signal for topology 1 [1]:
· 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
As mentioned in our companion contribution, for deployment topology 1, it is more appropriate to transmit D2R backscattering in UL spectrum so as to meet regulatory requirements, i.e., A-IoT device may not be allowed to transmit the signal in the DL spectrum [2]. Further, given the constraints of low cost and power consumption in A-IoT device types 1 and 2a, it is unlikely that a frequency shifter in the order of MHz can be implemented. In this case, it is expected that CW signal should be transmitted in the same spectrum as D2R transmission, i.e., in UL spectrum. 
In Case 1-2, if CW is transmitted inside the topology and operates within the UL spectrum, this may indicate that gNB could potentially serve both as the reader for D2R reception and as the source for CW signal transmission within the same UL spectrum, which may require full duplex operation at the gNB side. In addition, this deployment scenario may also violate the regulatory requirements given the fact that in some regions, base stations are prohibited from transmitting the signal in the UL spectrum.  
In Case 1-4, CW signal is transmitted outside the topology and operates within the UL spectrum. Figure 2 illustrates Case 1-4 for CW transmission in Topology 1. In the figure, gNB serves as reader for R2D and D2R, while an external node serves as CW source. Further, R2D is transmitted in the DL spectrum, and D2R and CW signals are transmitted in the UL spectrum. 
For this scenario, CW source can be carefully placed in the network so as to achieve good system performance by improving the coverage for CW reception and controlling interference to the reader. This may be realized by placing the CW source in close proximity to the A-IoT device. It should be noted that CW source can be another base station not involved for R2D and D2R communication with A-IoT device, UE or external CW node. When the external CW node is utilized to transmit the CW signal, the detailed interface, e.g., control of CW signal transmission between the external CW node and the base station, may be up to implementation and out of scope for A-IoT study. 
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[bookmark: _Ref162114697]Figure 2. Case 1-4 for CW transmission in Topology 1
Based on the discussions above, in our view, Case 1-4 (CW is transmitted from outside the topology, transmitted in UL spectrum) is prioritized for A-IoT system design. 
Proposal 1:
· For Topology 1, Case 1-4, i.e., CW is transmitted from outside the topology in the UL spectrum, is prioritized for A-IoT system design. 


CW transmission in Topology 2
At the RAN1#116 meeting, it was agreed the following cases can be studied when D2R backscattering is transmitted in the same carrier as CW signal for Topology 2 [1]: 
· 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
Similar to the discussions for Topology 1, CW transmission within the DL spectrum may not be feasible due to regulatory requirements and the constraints from ultra-low cost and power consumption of the A-IoT devices. In this regard, it is more appropriate to support the CW transmission in the UL spectrum. Hence, Case 2-3, i.e., CW is transmitted from outside the topology in the DL spectrum can be deprioritized for A-IoT system design. 
In deployment scenario Case 2-2, where CW signal is transmitted from the intermediate UE within the UL spectrum, UE needs to transmit the CW signal and receive the D2R channel/signal within the same UL spectrum simultaneously. This full duplex operation mode may lead to complex implementation challenges at UE side. In this case, careful investigation is needed on the support of deployment scenario Case 2-2.
Figure 3 illustrates Case 2-4 for CW transmission in Topology 2. In the figure, UE serves as reader for R2D and D2R, while an external node serves as CW source. Further, R2D, D2R and CW signals are transmitted in the UL spectrum. For this deployment scenario, careful design on interference handling for UE when receiving D2R channel/signal from the A-IoT device and CW signal from the CW node may need to be considered. If a frequency shifter is implemented at A-IoT device, this could potentially simplify mitigation of the interference from the CW signal for the UE. 
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[bookmark: _Ref162354378]Figure 3. Case 2-4 for CW transmission in Topology 2
Proposal 2:
· For Topology 2, Case 2-4, i.e., CW is transmitted from outside the topology in the UL spectrum, is prioritized for A-IoT system design. 
· Further study on the support of Case 2-2, i.e., CW is transmitted from inside the topology (i.e., intermediate UE) in the UL spectrum. 

Discussions on carrier-wave waveform 
At the RAN1#116 meeting, it was agreed that at least single-tone unmodulated sinusoid waveform is a candidate waveform for carrier wave for D2R backscattering. Further, it was agreed that multi-tone waveforms for carrier wave for D2R backscattering can be studied [1]. 
For single tone waveform for CW signal, a straightforward interference handling mechanism based on known unmodulated sinusoid waveform may be implemented at the reader receiver side. This process can be further simplified if a frequency shifter is equipped at the A-IoT device. In case when the external CW node is employed to transmit the CW signal, the reader may perform filtering to mitigate the interference from CW signal directly, as shown in Figure 4.
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[bookmark: _Ref162857580]Figure 4. Interference mitigation for CW signal 
In the case of multi-tone waveform for CW signal, it may be beneficial in term of frequency diversity, especially when considering that the single tone waveform may be impacted by deep fading. In this scenario, the D2R transmission relying on backscattering, may not be even activated, which would lead to detrimental impact on the A-IoT communication link.  
On the other hand, supporting multi-tone waveform for CW signal may complicate the implementation at the reader receiver for interference suppression. This issue, however, may be alleviated by predefining the waveform for multi-tone signal generation. 
It should be noted that two options can be considered for multi-tone CW signal design:
· Option 1: CW signal is mapped to continuous subcarriers
· Option 2: CW signal is mapped to non-continuous subcarriers
Given that the primary goal of considering multi-tone CW signal is to exploit the benefit of frequency diversity, it may not be evident how mapping the CW signal in continuous subcarriers would enhance the performance on both CW and D2R link. In such scenarios, transmission of CW signal in non-continuous subcarriers may be considered for A-IoT system design. Further, careful investigation is needed on the frequency separation of multi-tone CW signal generation.  
Proposal 3:
· If multi-tone CW signal waveform is supported, mapping CW signal to non-continuous subcarriers can be considered. 

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on waveform characteristics of carrier-wave provided externally to the A-IoT device. Further, we summarize the proposals as follows:
Proposal 1:
· For Topology 1, Case 1-4, i.e., CW is transmitted from outside the topology in the UL spectrum, is prioritized for A-IoT system design. 
Proposal 2:
· For Topology 2, Case 2-4, i.e., CW is transmitted from outside the topology in the UL spectrum, is prioritized for A-IoT system design. 
· Further study on the support of Case 2-2, i.e., CW is transmitted from inside the topology (i.e., intermediate UE) in the UL spectrum. 
Proposal 3:
· If multi-tone CW signal waveform is supported, mapping CW signal to non-continuous subcarriers can be considered. 
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