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1. Introduction
In RAN#102 meeting, a new SID [1] “Study on solutions for Ambient IoT (Internet of Things) in NR” was approved. One of the objectives is as follows.
	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.


In Rel-19 A-IoT, following types of devices are studied.
i. ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
ii. ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally.
For backscattered UL transmission, carrier wave is provided to A-IoT UE, and A-IoT backscatters its UL transmission on the carrier wave.
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Figure 1: Illustration of carrier wave and backscattered UL transmission
The carrier wave can be transmitted by intermediate UE as well as gNB. In addition, to ensure a certain level of coverage of carrier wave reception at A-IoT UE and backscattered wave reception at gNB/intermediate UE, potential impacts on specification such as its waveform, transmission timing at intermediated UE etc. should be studied.
In this contribution, we discuss characteristics of carrier wave provided to A-IoT device.
2. Discussion 
2.1 Waveform of carrier wave
Waveform of carrier wave was discussed in RAN1#116 meeting and following agreements were made,
	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.



Single-tone waveform and multi-tone waveform are agreed to be studied. Single-tone waveform is beneficial for self-interference cancellation. On the other hand, multi-tone waveform is beneficial for robustness against fading. In addition, CW can be used for RF energy harvesting and multi-tone waveform can provide higher power efficiency according to [2]-[5]. 
Regarding self-interference issue, it can be alleviated by other methods. Self-interference can be alleviated when CW is transmitted outside the topology, or when CW is transmitted inside the topology but two BSs/intermediate UEs are used for CW transmission and D2R reception respectively. Moreover, self-interference can be alleviated when large frequency shift can be performed in D2R backscattering at A-IoT device.
Thus, both single-tone and multi-tone waveform can be considered as candidate waveform of CW. When self-interference can be alleviated by other methods, e.g., by transmitting CW outside topology, multi-tone waveform can be used to benefit from robustness against fading and high power efficiency. When better self-interference cancellation at reader is necessary, single-tone waveform can be used.
Proposal 1:
· Capture both single-tone and multi-tone waveform as candidate waveforms of CW in TR 38.769 with following observations.
· Benefit of single tone: easy for self-interference cancellation
· note that self-interference can be alleviated by other methods including transmitting CW outside the topology, transmitting CW inside topology but transmitting CW and receiving D2R backscattering with two BSs/intermediate UEs, backscattering with large frequency shift at A-IoT device.
· Benefit of multi-tone: robustness against fading; CW can be used for RF energy harvesting and multi-tone waveform can provide higher power efficiency.

2.2 Spectrum of carrier wave 
Spectrum of carrier wave was studied in RAN1#116 meeting and following agreements were made.
	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 Table I, we summarize the issues in regulation, self-interference as well as full duplex capability at reader and interference to/from legacy NR for topology 1 for the case where D2R backscattering is transmitted in the same carrier as CW. From regulation perspective, case 1-4 can reuse the current regulation in general if CW node is UE. In case 1-1, since D2R backscattering is transmitted in the same carrier as CW, D2R backscattering is transmitted in DL spectrum. Case 1-1 has the issue that according to current regulation A-IoT device Tx in DL band is not allowed while there is a possibility that the A-IoT device Tx may be allowed for device 1 or device 2a without backscattering amplification. Case 1-2 has the issue that according to current regulation BS Tx in UL band is not allowed. Regarding self-interference and full duplex, self-interference can be alleviated and full duplex capability is not required at reader in case 1-1 and case 1-2 if CW Tx and D2R Rx are performed at different BSs. Self-interference can be alleviated and full duplex capability is not required also in case 1-4. Regarding interference from/to legacy NR, in case 1-1 interference from/to legacy NR DL needs to be considered. In case 1-2/1-4, interference from/to legacy NR UL needs to be considered.
The cases that have no issue with current regulation can be studied with higher priority, i.e., case 1-4.
Table I: Summary of issues in topology 1 when D2R backscattering is transmitted in the same carrier as CW
	
	Case 1-1
CW inside topo.
DL band

	Case 1-2
CW inside topo.
UL band
	Case 1-4
CW outside topo.
UL band

	Regulation
	Issue in A-IoT device Tx in DL band
	Issue in BS Tx in UL band
	The current regulation can be reused in general if CW node is UE.

	Self-interference 
	Can be alleviated if two BSs are used for CW and D2R
	Can be alleviated if two BSs are used for CW and D2R
	Can be alleviated 

	Full duplex capability at reader
	Not required if two BSs are used for CW and D2R
	Not required if two BSs are used for CW and D2R
	Not required

	Interference to/from legacy NR
	Interference to/from legacy NR DL
	Interference to/from legacy NR DL
	Interference to/from legacy NR DL



Observation 1: 
· For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topology 1,
· Case 1-4 can reuse the current regulation in general if CW node is UE.
· Case 1-1 has the issue that current regulation does not allow A-IoT device Tx in DL band.
· Case 1-2 has the issue that current regulation does not allow BS Tx in UL band.
· Self-interference can be alleviated and full duplex capability at reader is not required in case 1-1 and case 1-2 if CW Tx and D2R Rx are performed at different BS.
· Self-interference can be alleviated and full duplex capability at reader is not required in case 1-4.
· Case 1-1 has interference to/from legacy NR DL.
· Case 1-2 and 1-4 has interference to/from legacy NR UL.
Proposal 2:
· For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topology 1, prioritize the study of case 1-4 with UE as CW node.

In Table II we summarize the issues in regulation, self-interference as well as full duplex capability at reader, and interference to/from legacy NR for topology 2 for the case that D2R backscattering is transmitted in the same carrier as CW. From regulation perspective, case2-2 has no issue, and case 2-4 has no issue if CW node is UE, while case 2-3 has the issue that according to current regulation A-IoT device Tx in DL band is not allowed. Regarding self-interference and full duplex, self-interference can be alleviated and full duplex capability is not required at reader in case 2-2 if CW Tx and D2R Rx are performed at different UEs, however such topology is not included in TR 38.848. Self-interference can be alleviated and full duplex capability is not required at reader also in case 2-3/2-4. Regarding interference from/to legacy NR, in case 2-2/2-4 interference from/to legacy NR UL needs to be considered. In case 2-3 interference from/to legacy NR DL needs to be considered.
The cases that have minimal issue with current regulation can be studied with higher priority, i.e., case 2-2 and 2-4.
Table II: Summary of issues in topology 2 when D2R backscattering is transmitted in the same carrier as CW
	
	Case 2-2
CW inside topo.
UL band

	Case 2-3
CW outside topo.
DL band
	Case 2-4
CW outside topo.
UL band

	Regulation
	The current regulation can be reused in general
	Issue in A-IoT Tx in DL band
	No issue if CW node is UE.

	Self-interference 
	Can be alleviated if two UEs are used for CW and D2R
	Can be alleviated
	Can be alleviated 

	Full duplex capability at reader
	Not required if two UEs are used for CW and D2R
	Not required
	Not required

	Interference to/from legacy NR
	Interference to/from legacy NR UL
	Interference to/from legacy NR DL
	Interference to/from legacy NR UL



Observation 2: 
· For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topology 2,
· Case 2-2 can reuse the current regulation in general.
· Case 2-4  can reuse the current regulation in general if CW node is UE.
· Case 2-3 has the issue that current regulation does not allow A-IoT device Tx in DL band.
· Self-interference can be alleviated and full duplex capability is not required in case 2-2 if CW Tx and D2R Rx are performed at different UE.
· Self-interference can be alleviated and full duplex capability is not required in case 2-3 and case 2-4.
· Case 2-2/2-4 has interference to/from legacy NR UL.
· Case 2-3 has interference to/from legacy NR DL.
Proposal 3:
· For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topology 2, prioritize the study of case 2-2 and case 2-4 with UE as CW node.
 
In addition to the agreed cases above, depending on the A-IoT device capability of frequency shift, A-IoT device can switch DL spectrum and UL spectrum between CW reception and backscattering transmission, and hence it should be studied as well. 
For topology 1 for the case where D2R backscattering is transmitted in the different carrier from CW for D2R backscattering, following cases can be studied.
· Case 3-1: CW is transmitted from inside the topology, transmitted in DL spectrum.  
· Case 3-2: CW is transmitted from inside the topology, transmitted in UL spectrum.  
· Case 3-3: CW is transmitted from outside the topology, transmitted in DL spectrum.  
· Case 3-4: CW is transmitted from outside the topology, transmitted in UL spectrum.
In Table III, we summarize the issues in regulation, self-interference as well as full duplex capability, interference from/to legacy NR for topology 1 for the case where D2R backscattering is transmitted in the different carrier from CW. From regulation perspective, case 3-4 can reuse the current regulation in general if CW node is UE. Case 3-1/3-3 can reuse the current regulation in generalif D2R can be shifted to UL band. Case 3-2 has the issue that current regulation does not allow BS Tx in UL band.  Regarding self-interference and full duplex, since CW and D2R are transmitted on different carriers, self-interference can be alleviated and full duplex capability is not required in all these cases. Regarding interference from/to legacy NR, in case 3-1/3-3 interference from/to legacy NR DL needs to be considered. In case 3-2/3-4 interference from/to legacy NR UL needs to be considered.
The cases that have minimal issue with current regulation can be studied with higher priority, i.e., case 3-1, 3-3 and 3-4. Among these cases, case 3-4 does not require large frequency shift in backscattering. Case 3-1 does not require additional CW node outside topology. No benefit is found in case 3-3.
Table III: Summary of issues in topology 1 when D2R is transmitted in the different carrier from CW
	
	Case 3-1
CW inside topo.
DL band

	Case 3-2
CW inside topo.
UL band
	Case 3-3
CW outside topo.
DL band
	Case 3-4
CW outside topo.
UL band

	Regulation
	The current regulation can be reused in general if D2R can be shifted to UL band.
	Issue in BS Tx in UL band
	The current regulation can be reused in generalif D2R can be shifted to UL band and if CW node is BS.
	The current regulation can be reused in general if CW node is UE

	Self-interference 
	Can be alleviated 
	Can be alleviated 
	Can be alleviated 
	Can be alleviated 

	Full duplex capability at reader
	Not required 
	Not required 
	Not required 
	Not required 

	Interference to/from legacy NR
	Interference to/from legacy NR DL
	Interference to/from legacy NR UL
	Interference to/from legacy NR DL
	Interference to/from legacy NR UL



Observation 3: 
· For the case that D2R backscattering is transmitted in the different carrier as CW for D2R backscattering, and for topology 1,
· Case 3-4 can reuse the current regulation in general if CW node is UE.
· Case 3-1/3-3 has the issue that current regulation does not allow A-IoT Tx on DL band if A-IoT device only supports small frequency shift in D2R backscattering. 
· Case 3-1/3-3 can reuse the current regulation in general if D2R can be shifted to UL band. 
· Case 3-2 has the issue that current regulation does not allow BS Tx in UL band.  
· Case 3-1/3-3 has interference to/from legacy NR DL.
· Case 3-2/3-4 has interference to/from legacy NR UL.
Proposal 4:
· For the case that D2R backscattering is transmitted in the different carrier as CW for D2R backscattering, and for topology 1, prioritize the study of following cases.
· Case 3-1: CW is transmitted from inside the topology, transmitted in DL spectrum. 
· Case 3-4: CW is transmitted by UE from outside the topology, transmitted in UL spectrum.

For topology 2 for the case where D2R backscattering is transmitted in the different carrier from CW for D2R backscattering, following cases can be studied.
· Case 4-1: CW is transmitted from inside the topology, transmitted in DL spectrum.  
· Case 4-2: CW is transmitted from inside the topology, transmitted in UL spectrum.  
· Case 4-3: CW is transmitted from outside the topology, transmitted in DL spectrum.  
· Case 4-4: CW is transmitted from outside the topology, transmitted in UL spectrum.
In Table IV, we summarize the issues in regulation, self-interference as well as full duplex capability at reader and interference from/to legacy NR for topology 2 for the case where D2R backscattering is transmitted in the different carrier from CW. From regulation perspective, case 4-2 can reuse the current regulation in general. Case 4-4 can reuse the current regulation in general if CW node is UE. Case 4-3 has no issue if CW node is BS and if D2R can be shifted to UL band. Case 4-1 has the issue that current regulation does not allow UE Tx in DL band. Regarding self-interference and full duplex, since CW and D2R are transmitted on different carrier, self-interference can be alleviated and full duplex capability is not required in all these cases. Regarding interference from/to legacy NR, in case 4-1/4-3 interference from/to legacy NR DL needs to be considered. In case 4-2/4-4 interference from/to legacy NR UL needs to be considered.
The cases that have minimal issue with current regulation can be studied with higher priority, i.e., case 4-2, 4-3 and 4-4. Among these cases, case 4-2 does not require large frequency shift at A-IoT device and does not require additional CW not outside the topology. No benefit is found in case 4-3/4-4 over case 4-2.
Table IV: Summary of issues in topology 2 when D2R is transmitted in the different carrier from CW
	
	Case 4-1
CW inside topo.
DL band

	Case 4-2
CW inside topo.
UL band
	Case 4-3
CW outside topo.
DL band
	Case 4-4
CW outside topo.
UL band

	Regulation
	Issue in UE Tx in DL band
	The current regulation can be reused in general
	The current regulation can be reused in generalif D2R can be shifted to UL band and if CW node is BS.
	The current regulation can be reused in generalif CW node is UE.

	Self-interference 
	Can be alleviated 
	Can be alleviated 
	Can be alleviated 
	Can be alleviated 

	Full duplex capability at reader
	Not required 
	Not required 
	Not required 
	Not required 

	Interference to/from legacy NR
	Interference to/from legacy NR DL
	Interference to/from legacy NR UL
	Interference to/from legacy NR DL
	Interference to/from legacy NR UL



Observation 4: 
· For the case that D2R backscattering is transmitted in the different carrier as CW for D2R backscattering, and for topology 1,
· Case 4-2 and case 4-4 can reuse the current  regulation in general.
· Case 4-3 has the issue that current regulation does not allow A-IoT Tx on DL band if A-IoT device only supports small frequency shift in D2R backscattering. 
· Case 4-3 has no issue if D2R can be shifted to UL band and if CW node is BS. 
· Case 4-1 has the issue that current regulation does not allow UE Tx in DL band.
· Case 4-1/4-3 has interference to/from legacy NR DL.
· Case 4-2/4-4 has interference to/from legacy NR UL.
Proposal 5:
· For the case that D2R backscattering is transmitted in the different carrier as CW for D2R backscattering, and for topology 2, prioritize the study of following cases.
· Case 4-2: CW is transmitted from inside the topology, transmitted in UL spectrum.

3. Conclusion
In this contribution, we discussed characteristics of carrier wave provided to A-IoT device. Based on the discussion, we made following observations and proposals.
Proposal 1:
· Capture both single-tone and multi-tone waveform as candidate waveforms of CW in TR 38.769 with following observations.
· Benefit of single tone: easy for self-interference cancellation
· note that self-interference can be alleviated by other methods including transmitting CW outside the topology, transmitting CW inside topology but transmitting CW and receiving D2R backscattering with two BSs/intermediate UEs, backscattering with large frequency shift at A-IoT device.
· Benefit of multi-tone: robustness against fading; CW can be used for RF energy harvesting and multi-tone waveform can provide higher power efficiency.
Observation 1: 
· For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topology 1,
· Case 1-4 can reuse the current regulation in general if CW node is UE.
· Case 1-1 has the issue that current regulation does not allow A-IoT device Tx in DL band.
· Case 1-2 has the issue that current regulation does not allow BS Tx in UL band.
· Self-interference can be alleviated and full duplex capability at reader is not required in case 1-1 and case 1-2 if CW Tx and D2R Rx are performed at different BS.
· Self-interference can be alleviated and full duplex capability at reader is not required in case 1-4.
· Case 1-1 has interference to/from legacy NR DL.
· Case 1-2 and 1-4 has interference to/from legacy NR UL.
Proposal 2:
· For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topology 1, prioritize the study of case 1-4 with UE as CW node.
Observation 2: 
· For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topology 2,
· Case 2-2 can reuse the current regulation in general.
· Case 2-4  can reuse the current regulation in general if CW node is UE.
· Case 2-3 has the issue that current regulation does not allow A-IoT device Tx in DL band.
· Self-interference can be alleviated and full duplex capability is not required in case 2-2 if CW Tx and D2R Rx are performed at different UE.
· Self-interference can be alleviated and full duplex capability is not required in case 2-3 and case 2-4.
· Case 2-2/2-4 has interference to/from legacy NR UL.
· Case 2-3 has interference to/from legacy NR DL.
Proposal 3:
· For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topology 2, prioritize the study of case 2-2 and case 2-4 with UE as CW node.
Observation 3: 
· For the case that D2R backscattering is transmitted in the different carrier as CW for D2R backscattering, and for topology 1,
· Case 3-4 can reuse the current regulation in general if CW node is UE.
· Case 3-1/3-3 has the issue that current regulation does not allow A-IoT Tx on DL band if A-IoT device only supports small frequency shift in D2R backscattering. 
· Case 3-1/3-3 can reuse the current regulation in general if D2R can be shifted to UL band. 
· Case 3-2 has the issue that current regulation does not allow BS Tx in UL band.  
· Case 3-1/3-3 has interference to/from legacy NR DL.
· Case 3-2/3-4 has interference to/from legacy NR UL.
Proposal 4:
· For the case that D2R backscattering is transmitted in the different carrier as CW for D2R backscattering, and for topology 1, prioritize the study of following cases.
· Case 3-1: CW is transmitted from inside the topology, transmitted in DL spectrum. 
· Case 3-4: CW is transmitted by UE from outside the topology, transmitted in UL spectrum.
Observation 4: 
· For the case that D2R backscattering is transmitted in the different carrier as CW for D2R backscattering, and for topology 1,
· Case 4-2 and case 4-4 can reuse the current  regulation in general.
· Case 4-3 has the issue that current regulation does not allow A-IoT Tx on DL band if A-IoT device only supports small frequency shift in D2R backscattering. 
· Case 4-3 has no issue if D2R can be shifted to UL band and if CW node is BS. 
· Case 4-1 has the issue that current regulation does not allow UE Tx in DL band.
· Case 4-1/4-3 has interference to/from legacy NR DL.
· Case 4-2/4-4 has interference to/from legacy NR UL.
Proposal 5:
· For the case that D2R backscattering is transmitted in the different carrier as CW for D2R backscattering, and for topology 2, prioritize the study of following cases.
· Case 4-2: CW is transmitted from inside the topology, transmitted in UL spectrum.
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