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1. Introduction
In recent years, IoT has gained much attraction in wireless communications. More things are expected to be interconnected to increase productivity, efficiency, and the comfort of life and reduce the stress on the existing infrastructure. In most current technologies, the devices are battery-powered, with a limited life cycle, or needs to be charged manually. It is impossible to power all these devices or things through batteries, leading to environmental issues and high maintenance costs. 
Existing technologies are not suitable for meeting the requirements of the target use case. Hence, in Rel-18, an SA and RAN Plenary level study was conducted to study the use case and the requirements of a new IoT technology, which relies on ultra-low complexity devices with ultra-low power consumption for the very-low-end IoT applications. In Rel-19, a study on a new device class called Ambient IoT (AIoT) is going on, which can meet the strict complexity and power consumption requirements of these use cases defined in TR 22.840.
In the RAN #116 meeting, the following agreements were reached for the study of the design of carrier wave [1].
	[bookmark: _Hlk510705081]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
[bookmark: _Hlk162429387]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 document, we discuss the sources of interference in AIoT deployment and the gains of interference mitigation for AIoT communication. 			
2. Discussion
2.1 CW interference modeling 
The carrier wave may have an impact on the calculation of UL receiver sensitivity for backscatter transmission, as CW leads to interference in the link budget evaluation. CW interference can be observed in both monostatic and bistatic modes of operation. 
Types of Interference	
1. Self-interference: In the monostatic transmission case, the signal from the CW emitter or BS can be received by itself when a backscatter signal is received, which leads to interference and reduces signal power at the reader. There will be strong interference due to the small transmission range, higher power, and low loss with respect to the received backscatter signal. This interference can be mitigated by the design of known information in the beginning of the transmitted signals, such as the preamble, for channel estimation and interference reconstruction. CW emitter/ BS can estimate the channel response of self-interference links by using the known information sent during the silence period of AIoT devices. Then, the locally transmitted signal and the estimated channel response can reconstruct and cancel the interference signal.
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Figure 1. Self-interference for monostatic transmission 
1. Cross/direct interference: In the bistatic mode of operation, a signal of the BS/ CW emitter creates interference to the backscatter signal at the reader. This will result in low interference due to large transmission distance, high loss, and low power with respect to the backscatter signal. This interference can also be handled by channel estimation and known prefix signal sequence. In high device density and multiple BS/ CW emitter node scenarios, cross/direct interference should be considered.
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Figure 2. Cross/direct interference for bistatic transmission
2.2 Evaluation of Link Performance with and without interference.
In this section, we evaluate the impact of interference on the link performance in the bistatic mode of operation for AIoT.
This study considers bistatic propagation and CW nodes inside the topology. The assumptions considered for the evaluation of the impact of interference are shown in Table 1.
Table 1: Evaluation assumptions for LLS
	Parameter
	Assumption

	Carrier Frequency
	900MHz

	Waveform
	OOK waveform (OOK-1, SCS=30KHz)

	Channel structure
	Payload size: 28 bits (1 slots)

	DL CMD Bandwidth
	4.32MHz

	Code scheme
	Manchester

	Rx Filter BW
	For device using RF ED(1μW), [20MHz] Rx BW for RF ED.

	Channel Model
	TR 38.901, InF-DH-NLOS

	Transmission power
	23dBm

	Transmission mode
	Bistatic

	CW emitter to AIoT device distance
	10m
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Figure 3. BER vs reader-to-AIoT distance with and without interference and its mitigation

Observation 1: Link performance is significantly degraded when CW node interference is introduced.
Proposal 1: Interference should be included in evaluation assumptions for LLS.
Proposal 2: Interference management/mitigation techniques should be studied for AIoT devices.
2.3 Control Mechanism for CW generation

Generally, coordination and synchronization between the A-IoT reader and the CW node(s) are necessary for CW transmissions. At a minimum, the CW node(s) must have knowledge of the time resources for D2R transmission and the frequency/spectrum allowed for CW signal transmission. 
In scenarios where the CW node is part of the network topology when the reader also acts as a CW node, i.e., in a monostatic case, the coordination between the CW source and the reader is up to the reader's implementation. However, when the CW node(s) are operating in bi-static mode either inside or outside the network topology. In such cases, the characteristics of the CW needed for controlling the CW node(s) become particularly critical. The signaling mechanism should be studied for the coordination between the CW node and the reader.  
In the previous meeting, the following proposal was discussed, but there was no consensus reached[2].
	FL6/FL7 Medium Priority Question 2.4-2c 
From RAN1 perspective, at least the following CW characteristics would need study:
1. Timing (e.g., when CW is transmitted or not transmitted, Time resources)
1. Transmission Power
1. Frequency resources
1. Spectrum
1. Frequency hopping patterns
1. Beam or directional transmission if the CW supports it.
FFS what kind of control is needed or suggested
Note: How to do that control (including signaling design) is not studied in R19 SI phase.



Proposal 3: For CW control, at least a mechanism to exchange the following information should be studied. 
· Time domain resources for D2R transmission
· Frequency domain resources for D2R transmission

3. Conclusion
This paper provides the following observations and proposals:
Observation 1: Link performance is significantly degraded when CW node interference is introduced.
Proposal 1: Interference should be included in evaluation assumptions for LLS.
Proposal 2: Interference management/mitigation techniques should be studied for AIoT devices.
Proposal 3: For CW control, at least a mechanism to exchange the following information should be studied. 
· Time domain resources for D2R transmission
· Frequency domain resources for D2R transmission
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