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1. [bookmark: _Toc120549591]Introduction
The following agreements are achieved in RAN1#116 meeting [1]:
Agreement
[bookmark: _Hlk162255627]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

Furthermore, the following proposal was agreed in RANP#103 regarding the clarifications on the work scope [2]:
Proposal 3v2
· 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 basestation.
· 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 this contribution, the waveform characteristics of CW as well as other aspects will be discussed.
2. Discussion
2.1 CW transmission cases
At the last RAN1 meeting, several CW transmission cases are listed. We provide further analysis and express our preference in this meeting.
2.1.1 Topology 1
For topology 1, the candidate CW transmission cases are listed in Figure 1, with related analysis is provided in Table 1  assuming NR deployment is in the same FDD band with Ambient IoT.
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Figure 1. Candidate CW transmission cases in Topology 1

Table 1. Interference situation and implementation complexity analysis in Topology 1
	CW cases
	Self-inference 
	Co-channel CLI 
	Coexistence with NR
	Device capability
	Additional Ambient IoT gNB Tx/Rx capability

	1-1-a
	Yes, may requireRF interference cancelation and BB filtering
	No
	Ambient IoT gNB receives backscattering signal may suffer from NR co-channel DL interference;
NR UE DL reception may suffer interference from Ambient IoT signal
	Without frequency shifting capability
	Receives in DL spectrum

	1-1-b
	No
	No
	No
	With frequency shifting capability
	No

	1-2
	Yes, may need RF interference cancelation and BB filtering 
	No
	NR gNB UL reception may suffer interference from CW;
Ambient IoT gNB receives backscattering signal may suffer NR UE co-channel UL interference
	Without frequency shifting capability
	Transmits CW in UL spectrum

	1-4
	No
	Yes, may need BB filtering 
	NR gNB UL reception may suffer interference from CW;
Ambient IoT gNB receives backscattering signal may suffer NR UE co-channel UL interference
	Without frequency shifting capability
	Transmits CW in UL spectrum



From the analysis, we can see that CW outside topology only cause the CLI at Ambient IoT reader which is much easier to handle self-interference in inside CW case. However, if Ambient IoT device has the frequency shifting capability, the interference handling and coexistence issue don’t exist which is suitable for both inside CW and outside CW case. Thus, we suggest to prioritize the following CW implementation cases for topology 1.
Proposal 1. Prioritize the following CW transmission cases for topology 1:
· Case 1-4 in case Ambient IoT device doesn’t have the frequency shifting capability;
· Case 1-1 in case Ambient IoT device has the frequency shifting capability.

2.1.2 Topology 2
Similarly, the candidate CW transmission cases are listed in Figure 2 and the related analysis is provided as Table 2 for topology 2 with the assumption of coexistence with other indoor NR UEs in the same band.
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Figure 2. Candidate CW transmission cases in Topology 2

Table 2. Interference situation and implementation complexity analysis in Topology 2
	CW cases
	Self-inference 
	Co-channel CLI
	Coexistence with NR
	Device capability
	Additional UE Tx/Rx capability

	2-2-a
	Yes, may need RF interference cancelation and BB filtering 
	No
	Intermediate UE receives backscattering signal may suffer NR UE co-channel UL interference
	Without frequency shifting capability
	Receives in UL spectrum

	2-2-b
	No
	No
	NR UE DL reception may suffer interference from backscattering signal
	With frequency shifting capability
	No

	2-3
	No
	Yes, may need BB filtering 
	NR UE DL reception may suffer interference from backscattering signal and CW
	Without frequency shifting capability
	No

	2-4-a
	No 
	No
	Intermediate UE receives backscattering signal may suffer NR UE co-channel UL interference
	Without frequency shifting capability
	Receives in UL spectrum

	2-4-b
	No
	No
	NR UE DL reception may suffer interference from backscattering signal
	With frequency shifting capability
	No


The main difference from topology 1 is UE is as intermediate node which it much complicated to handle self-interference in this topology. Thus, either outside CW or device frequency shifting solution can be considered to avoid the self-interference handling at UE side. In addition, considering legacy UE Tx/Rx behaviour, it is better UE as intermediate node to receive the backscattering signal at DL spectrum. Therefore, we suggest to prioritize the following CW implementation cases for topology 2.
Proposal 2. Prioritize the following CW implementation cases for topology 2:
· Case 2-3 in case Ambient IoT device doesn’t have the frequency shifting capability;
· Case 2-2 in case Ambient IoT device has the frequency shifting capability.
2.2 CW waveform design
2.2.1 CW waveform characteristics
In this section, we discuss the characteristics of carrier-wave waveform. In last RAN1 meeting, it is agreed that single-tone unmodulated sinusoid waveform is a candidate waveform for CW and multi-tone waveforms is for study. The multi-tone waveforms can be further divided into two candidate wave forms, including multiple single-tone unmodulated sinusoid waveform as the illustration in Figure 3 and OFDM waveform. The comparison between different candidate CW waveforms is listed in Table 3.
Table 3. Comparison between candidate CW waveforms
	
	Pros
	Cons

	single-tone unmodulated sinusoid waveform
	Easier to handle self-interference and CLI, e.g., using RF cancellation and BB filtering
	The link performance cannot be guaranteed considering the frequency selective fading

	Multi single-tone unmodulated sinusoid waveform
	Beneficial to combat the frequency selective fading
	More challenging to handle self-interference and CLI, considering the inter-modulation between two frequencies. The residual interference is larger. 

	OFDM waveform
	Reuse the same hardware
	Difficult to separate the backscatter signal from the self-interference from carrier wave signal in frequency domain




Figure 3. Multi single-tone unmodulated sinusoid waveform
As the analysis in the table, single-tone unmodulated sinusoid waveform is much easier for implementation of interference handling but the link performance is worse than multi single-tone unmodulated sinusoid waveform. Regarding the self-interference handling in multiple single-tone unmodulated sinusoid waveform, two RFIC and high/bandpass filter can be used in reader to cancel the two single-tone unmodulated sinusoid signal interference. In addition, the frequency gap between two single-tone unmodulated sinusoid signal should be large enough, e.g., in several MHz to avoid the backscattering of inter-modulation frequency component of two single-tone unmodulated sinusoid signal, e.g., 3rd Order IMD will not fall in the frequency range of reader which will not cause serious interference on the backscattering signal. Thus, we think the multi single-tone unmodulated sinusoid waveform can also be considered as a candidate waveform for carrier wave for D2R backscattering.
Proposal 3. Multi single-tone unmodulated sinusoid waveform is a candidate waveform for carrier wave for D2R backscattering.
Proposal 4. OFDM waveform is not considered as candidate waveform for carrier wave for D2R backscattering.
2.2.2 Two-hop CW transmission
Another solution to combat the frequency selective fading is to transmit the CW in a frequency hopping manner. Figure 4 is an illustration of 2-hop CW transmission which two single-tone unmodulated sinusoid waveform are TDM transmitted. 
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Figure 4. 2-hop CW transmission (Note: the packet is modulated and repeated in two-hops)
We provide a preliminary evaluation result to compare the BER performance of D2R backscattering in case one CW transmission and 2-hop CW transmission. The simulation assumptions are listed in Table 4 and the simulation result is shown in Figure 5.
Table 4. Simulation assumption
	Parameter
	Assumptions

	Carrier frequency 
	900MHz

	Data rate
	15 kbps

	D2R backscattering Modulation
	OOK

	Subcarrier spacing
	30kHz

	Packet size
	16bit TBS + 8bit CRC

	Channel model
	TDL-C 30ns

	Device speed
	3 km/h

	Number of RX antennas
	1

	Time/frequency synchronization
	Ideal

	Phase noise
	No

	Filter configuration
	3rd Butterworth with 10MHz bandwidth

	ADC
	Ideal quantization, 960kHz sampling rare

	Coding
	Manchester、Miller、FM0





Figure 5. BER performance of D2R backscattering

The simulation result shows that the 2-hop CW transmission can provide about 6dB gain of requirement SNR of D2R backscattering signal than single-hop CW transmission at 10-3 BER using different coding schemes. Therefore, two-hop single-tone unmodulated sinusoid waveform transmission can be considered for CW transmission to improve the detection performance of D2R backscattering.
Proposal 5. Two-hop single-tone unmodulated sinusoid waveform transmission is considered for CW transmission. 
2.3 Control of the CW node(s)
Before the discussion of control aspects, we should discuss in which scenarios the CW node(s) need control. 
For outside CW in both topology 1 and topology 2, the study of CW control is not pursed, since the equipment type of CW node is unknown to 3GPP and even without such definition of interface between 3GPP node and CW node. 
For inside CW in topology 1, it may be unnecessary to specify such control aspects because reader transmits CW by itself and how to transmit CW is by reader’s implementation. For inside CW in topology 2 i.e., intermediate UE transmits CW, the CW transmission should be under the control of gNB. Considering the details of control aspects is not clear before we have a concrete solution of CW waveform characteristics, we think the details can be up to WI.
Proposal 6. When CW is outside topology, study of the CW control is not pursued. When CW is inside topology, study necessary CW control, details can be up to WI.
3. Conclusions
In this contribution, we discussed the waveform characteristics of carrier-wave provided externally to the Ambient IoT device as well as the interference handling and the following proposals are made.
Proposal 1. Prioritize the following CW transmission cases for topology 1:
· Case 1-4 in case Ambient IoT device doesn’t have the frequency shifting capability;
· Case 1-1 in case Ambient IoT device has the frequency shifting capability.
Proposal 2. Prioritize the following CW implementation cases for topology 2:
· Case 2-3 in case Ambient IoT device doesn’t have the frequency shifting capability;
· Case 2-2 in case Ambient IoT device has the frequency shifting capability.
Proposal 3. Multi single-tone unmodulated sinusoid waveform is a candidate waveform for carrier wave for D2R backscattering.
Proposal 4. OFDM waveform is not considered as candidate waveform for carrier wave for D2R backscattering.
Proposal 5. Two-hop single-tone unmodulated sinusoid waveform transmission is considered for CW transmission. 
Proposal 6. When CW is outside topology, study of the CW control is not pursued. When CW is inside topology, study necessary CW control, details can be up to WI.
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