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1. Introduction
[bookmark: _Hlk157700159]A new SID on studying ambient IoT (AIoT) for NR was approved in RAN #116 meeting. The description about waveform design of external carrier-wave (CW) is given blow [1]:
	· RAN1-led:
For the Ambient IoT DL and UL:
· Frame structure, synchronization and timing, random access
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
· Downlink channel/signal aspects
· Uplink channel/signal aspects
· Scheduling and timing relationships
· 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. 
       For Topology 2, no difference in physical layer design from Topology 1. 


In this contribution, we will discuss the waveform characteristics of external carrier-wave (CW) for AIoT systems.  
2. Discussion on waveform characteristics of external carrier-wave
1. 
2. 
As shown in figure 1, CW for energy harvesting is optionally as a RF energy source, and signaling includes paging/synchronization/control command, etc. CW for energy harvesting or signaling may be as the activation signal to activate the demodulation circuit. When signaling is demodulated, controller triggers to switch on modulation module to transmit backscatter signal based on the received CW at tag (we call a AIoT device as a tag in this contribution).


Figure 1 Tag transmission with external carrier-wave for backscattering
The description of new SID about Topology 1 and Topology 2 is given below. As we know, external CW for UL transmission can be generated by BS or UE or specific CW node. 
Different CW types have different bandwidth and waveform structure, e.g., single-tone/multi-tone/OFDM-based. If external CW is used for energy storage, the continue CW and wideband CW can improve the rectifying efficiency. If external CW is used for backscattering, the CW design and configuration can improve the communication performance like improving the suppressing interference.
Proposal 1: Discuss on the feasible CW form among the candidate waveform like single-tone/multi-tone/OFDM, and discuss on bandwidth/center frequency of the feasible CW for future research.  
	[bookmark: _Toc145960150]4.2.1.1	Topology 1: BS ↔ Ambient IoT device
[image: ]
Figure 4.2.1.1-1: Topology 1
In Topology 1, the Ambient IoT device directly and bidirectionally communicates with a basestation. The communication between the basestation and the ambient IoT device includes Ambient IoT data and/or signalling. This topology includes the possibility that the BS transmitting to the Ambient IoT device is a different from the BS receiving from the Ambient IoT device.
[bookmark: _Toc145960151]4.2.1.2	Topology 2: BS ↔ intermediate node ↔ Ambient IoT device
[image: ]
Figure 4.2.1.2-1: Topology 2
In Topology 2, the Ambient IoT device communicates bidirectionally with an intermediate node between the device and basestation. In this topology, the intermediate node can be a relay, IAB node, UE, repeater, etc. which is capable of Ambient IoT. The intermediate node transfers Ambient IoT data and/or signalling between BS and the Ambient IoT device.


In Topology 1, external CW source may be the BS, or a specific CW node nearby tag. If external CW source is BS, self-interference with full-duplex FDD operation at BS is generated because of the same node of transmitter and receiver. This configuration corresponds to mono-static configuration. If external CW source is a specific CW node, the CW signal will be received as cross-link interference when BS receives the backscattered signal with a few hundred of KHz frequency offset corresponding to CW signal. This configuration corresponds to bi-static configuration.
In Topology 2, external CW source may be the UE, or a specific CW node nearby tag. Similarly, the self-interference and cross-link interference can be discovered in two different configurations.
As discussed above, there is a full-duplex of challenge when using backscattering when external CW transmitter and backscatter signal receiver is the same node, which generates self-interference. However, this issue only happens in mono-static configuration. If external CW transmitter is separated from backscatter signal receiver, this is not an essential problem. Thus, high priority can be considered to bi-static configuration.
In addition, backscattering signal includes harmonic interference because of its specific modulation by multiplying external CW and internal ON-OFF waveform with harmonic components.
Observation 1: In Topology 1 and 2, self-interference with full-duplex FDD operation at BS is generated because of the same node of transmitter and receiver. Cross-link interference is generated because of the separation between transmitter and receiver.
Observation 2: backscattering signal includes harmonic interference because of its specific modulation by multiplying external CW and internal ON-OFF waveform with harmonic components.
Proposal 2: Identify the high priority configuration of mono-static or bi-static configuration. If considering bi-static configuration, discuss on if or not the specific CW node is needed.

Self-interference has the impact on receiver sensitivity. Except for self-interference canceller, the waveform design and configuration of external CW could suppress self-interference. Similarly, the waveform design and configuration of external combined with architecture design could be suppress cross-link interference at receiver of backscattering signal and harmonic interference at tag. The waveform design and configuration can be considered during the research range of power control, modulation method, coding method, resource allocation, envelop design, etc. 

Proposal 3: Study on the waveform characteristics of external CW to handle self-interference, or cross-link interference, or harmonic interference, including power control, modulation method, coding method, resource allocation, envelop design, etc. 
3. Conclusion
In this contribution, we provide our views on the waveform characteristics of external CW for AIoT. The observations and proposals are listed as below:
Observation 1 In Topology 1 and 2, self-interference with full-duplex FDD operation at BS is generated because of the same node of transmitter and receiver. Cross-link interference is generated because of the separation between transmitter and receiver.
Observation 2 backscattering signal includes harmonic interference because of its specific modulation by multiplying external CW and internal ON-OFF waveform with harmonic components.
Proposal 1 Discuss on the feasible CW form among the candidate waveform like single-tone/multi-tone/OFDM, and discuss on bandwidth/center frequency of the feasible CW for future research.  
Proposal 2 Identify the high priority configuration of mono-static or bi-static configuration. If considering bi-static configuration, discuss on if or not the specific CW node is needed.
Proposal 3 Study on the waveform characteristics of external CW to handle self-interference, or cross-link interference, or harmonic interference, including power control, modulation method, coding method, resource allocation, envelop design, etc. 
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