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1. [bookmark: _Ref521334010]Introduction
In RAN1 #116 [1], the different waveforms and their characteristics of the carrier wave were discussed, and the following agreements were made. 

	[bookmark: _Hlk163028903]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.
· [bookmark: _Hlk163131585]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



[bookmark: _Hlk163137918]In this document, the spectrum for carrier wave and various aspects related to the information messages that need to be exchanged between reader and CWN are discussed. 
2. Discussion
2.1 Spectrum for Carrier Wave
For devices 1 and 2a, the CWN transmits the unmodulated carrier wave to initiate the backscatter mechanism. The spectrum for the carrier wave needs to be decided carefully unlike RFID, which operates in unlicensed bands and does not need to consider DL/UL spectrum regulation issue, carrier wave transmission in A-IoT system may lead to spectrum regulation issue and may affect UE and BS implementation.  
In the RAN1 #116 [1] meeting, the three cases were agreed to study further for deciding the carrier wave spectrum for the topology 1. 
The three cases are following below:
· Case 1-1: CW is transmitted from inside the topology, transmitted in DL spectrum.
When carrier wave is transmitted from inside topology, and the spectrum of the transmitted carrier wave is in DL, which means device backscatter the signal in the DL spectrum if device doesn’t support the frequency shifting. But if the device supports the large frequency shifting of the spectrum, then the device can backscatter the shifted signal i.e. in UL spectrum. Therefore, in the case of no frequency shifting is supported by the device, there is a regulatory and the interference issues for receiving the UL backscattering signal in the DL spectrum by the FDD BS. 
Therefore, this case can be only suitable for the devices which support the frequency shifting of the spectrum.
Observation 1: Following issues for case 1-1:
a) Self-interference issue at the BS.
b) BS receiving D2R transmission in DL is against FDD BS.
Proposal 1: To support a case 1-1, the device needs a large frequency shifter.

· Case 1-2: CW is transmitted from inside the topology, transmitted in UL spectrum.
When carrier wave is transmitted from inside topology, and the spectrum of the transmitted carrier wave is in UL, which is against the regulation for the BS. This case is also not suitable for the BS for transmitting the CW. 
Observation 2: The case 1-2 is against the regulation as carrier wave is transmitted in UL spectrum by the BS.

· Case 1-4: CW is transmitted from outside the topology, transmitted in UL spectrum.
[bookmark: _Hlk163131875][bookmark: _Hlk163133000]When carrier wave is transmitted from outside the topology, which means the external CWN is transmitting the carrier wave in the UL spectrum. In this case the device can backscatter the signal in the UL spectrum and there is no regulatory issue as it is aligning with the current framework.
But in this case, there should be proper coordination between the CWN and the BS to ensure that the carrier wave should be transmitted in the UL spectrum.
Proposal 2: Proper coordination needs to be maintained between the CWN and the BS for the case 1-4.
In the RAN1 #116 [1] meeting, the three cases were agreed to study further for deciding the CW spectrum for the topology 2. 
The three cases are following below:
· Case 2-2: CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in UL spectrum.
When carrier wave is transmitted from inside topology, and the spectrum of the transmitted carrier wave is in UL, which means device backscatter the signal in the UL spectrum and in this case, there is no regulatory issue as it is aligning with the current framework i.e. UE is transmitting carrier wave in UL spectrum. But UE needs to support full duplex capability and self-interference needs to be considered at the intermediate UE. In this case, UE is transmitting in UL and also receiving in UL is not supported in FDD for legacy UE. Therefore, the UE behavior for transmitting the carrier wave needs to be defined.
Observation 3: Following issues for case 2-2:
a) Self-interference issue at the UE.
b) UE receiving D2R transmission in UE is against FDD UE.

Proposal 3: For case 2-2, support study to define UE behavior for receiving D2R transmission in UL spectrum. 
Case 2-3: CW is transmitted from outside the topology, transmitted in DL spectrum. 
[bookmark: _Hlk163134205]When carrier wave is transmitted from outside the topology, which means the external CWN is transmitting the carrier wave in the DL spectrum and the device backscatters the signal in the DL spectrum. UE receiving the backscattering signal in the DL can create interference with the NR signal on DL. And in this case, there should be proper coordination between the CWN and the UE to ensure that the carrier wave should be transmitted in the DL spectrum.
· Case 2-4: CW is transmitted from outside the topology, transmitted in UL spectrum.
When carrier wave is transmitted from outside the topology, which means the external CWN is transmitting the carrier wave in the UL spectrum and the device backscatters the signal in the UL spectrum. In this case, UE needs to receive signal in UL. UE receiving the backscattering signal in the UL can create interference. 
Proposal 4: Proper coordination needs to be maintained between the CWN and the intermediate node for the case 2-3 and case 2-4.
For both the modes of CWN i.e. CWN is inside and outside the topology is remains transparent to the device. This implies that the device is unaware of the source of carrier wave, whether it is transmitted by the reader or from an external node. In this case, when carrier wave is transmitted in DL spectrum, device needs to receive with DL spectrum and when carrier wave is transmitted in UL spectrum, the device needs to receive with UL spectrum. As explained above, the device is unaware of the source of the carrier wave, in this case device will not know the spectrum for receiving the carrier wave. Therefore, this issue needs to be addressed to avoid confusion for the device.
Observation 4: Following are transparent to a device:
a) Whether carrier wave is transmitted from inside/outside the topology
b) Whether the device is connected to topology 1 or topology 2
Proposal 5: Down selection of the spectrum for carrier wave for above defined cases should consider observation 4.  

[bookmark: _Hlk158871323]2.2 Control signal for CWN 
The devices mainly work on the principle of backscatter communication. The backscattering unit at the device modulates the carrier wave according to the information bits stored in its memory and backscatters the modulated wave to the reader. Communication via back scattering instead of active radiation reduces the RF frontend of the device which minimizes the manufacturing cost as well as energy demands. 
The carrier wave is transmitted by an external node, i.e. CWN, near to the device. In the case of reader transmitting the carrier wave, the pathloss encountered by the backscattered wave is twice the distance between reader and the device which significantly reduces the coverage. Further, transmission of carrier wave and reception of backscattered signal happen simultaneously at the reader, demanding full duplex operation. Also, the transmitted carrier wave interferes with the reception of backscattered signal, a.k.a. self-interference, and impacts the performance of the system. The advantage of using external CWN is reduction in pathloss and increase in coverage as the node generating carrier wave is near to the device. Further, it reduces interference at the reader as the reader is only received from the device.
The device can backscatter the information only if it receives carrier waves. The reader can send the control information to indicate the transmission of the carrier wave to the CWN. Therefore, the reader can receive the backscatter signal from the device based on its requirement.
The carrier wave related information like bandwidth, frequency, spectrum, single tone or multi tone waveform etc. needs to be conveyed from the reader to the CWN to reduce the impact of interference with the NR DL and UL. Therefore, the control information transmitted by the reader to the CWN needs to be investigated.
[bookmark: _Hlk158880247]Proposal 6: Support to study the transmission of control signal from the reader to the CWN. 

3. Conclusion
In this document, the spectrum for carrier wave and various aspects related to the information messages that need to be exchanged between reader and CWN are discussed, and the following proposals are made: 
Observation 1: Following issues for case 1-1:
a) Self-interference issue at the BS.
b) BS receiving D2R transmission in DL is against FDD BS.
Proposal 1: To support a case 1-1, the device needs a large frequency shifter.
Observation 2: The case 1-2 is against the regulation as carrier wave is transmitted in UL spectrum by the BS.
Proposal 2: Proper coordination needs to be maintained between the CWN and the BS for the case 1-4.
Observation 3: Following issues for case 2-2:
a) Self-interference issue at the UE.
b) UE receiving D2R transmission in UE is against FDD UE.
Proposal 3: For case 2-2, support study to define UE behavior for receiving D2R transmission in UL spectrum. 
Proposal 4: Proper coordination needs to be maintained between the CWN and the intermediate node for the case 2-3 and case 2-4.
Observation 4: Following are transparent to a device:
a) Whether carrier wave is transmitted from inside/outside the topology
b) Whether the device is connected to topology 1 or topology 2
Proposal 5: Down selection of the spectrum for carrier wave for above defined cases should consider observation 4.  
Proposal 6: Support to study the transmission of control signal from the reader to the CWN. 
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