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Introduction
A new study item on solutions for ambient IoT in NR was approved in [1]. On RAN1 focus, the following aspects will be studied. 
Study the feasibility and required functionalities for proximity determination (coordination with SA3 is required for privacy aspects).
· 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 base station. 
       For Topology 2, no difference in physical layer design from Topology 1.













In this paper, we discuss the carrier wave characteristics of carrier waveform provided externally to the ambient IoT devices, and inference handling at ambient IoT UL receiver and at NR base station.  
Discussion
Carrier wave characteristics  
In RAN1 116 and RAN1 116bis, both single tone and multi-tone CW was agreed to be studied.  
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 CW waveform for D2R backscattering, multiple unmodulated single-tone is studied compared to single-tone in R19 SI.
· Two unmodulated single-tones as a starting point
· FFS: Other number of tones
· FFS: how large gap is needed between tones












CW is an essential part of D2R transmission. In 9.2.2.1 general discussion, the UL system bandwidth, transmission bandwidth and occupied bandwidth is agreed in RAN1 116bis. 
Agreement
The following bandwidths for D2R are defined for the purpose of the study:
· Transmission bandwidth, Btx,D2R: The frequency resources scheduled by a reader for a D2R transmission from one device.
· FFS in agenda 9.4.2.3: how frequency resources scheduled by a reader are determined
· Occupied bandwidth, Bocc,D2R: The transmission bandwidth plus the potential associated intra A-IoT guard-bands totalling Bguard,D2R
· Note: this guard band is not for coexistence with NR/LTE
· If/how to define guard band for coexistence between A-IoT D2R and NR/LTE is up to RAN4.
· Bocc,D2R >= Btx,D2R
· Possible values of each bandwidth are FFS

















The definition also related to frequency domain multiple access discussion agreed in RAN1 116bis. 
Agreement
Study frequency-domain multiple access of D2R transmissions, at least by utilizing a small frequency-shift in baseband. Further details, including pros/cons, are FFS.







Single-tone CW
As shown in Fig. 1, over the D2R system bandwidth, multiple D2R channels can be specified, where different AIoT D2R transmission can happen in different D2R channels. With multiple CW nodes within one cell, different CW node can transmit the single tone carrier wave in different D2R channel. With backscattering, different D2R transmission with be FDMed over different D2R channel, based on AIoT device and carrier wave node’s proximity. The single tone carrier wave is in the center of each transmission bandwidth. The baseband data rate depends on the transmission bandwidth, where in the example, 150KHz transmission bandwidth with 15KHz guard tone at each side of the occupied bandwidth is used. Manchester coding with OOK transmission is also assumed. Without the assumption of filtering at AIoT devices, harmonics will be present in the adjacent channel.   

When square wave modulation is used, different D2R transmission is FDM using different square wave chip rate. Since the baseband signal is real signal, without complicated RF filtering, the spectrum is two sided. Therefore, the transmission BW is two separate parts centered around carrier wave, as shown in Fig. 1-b.  
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(a) 

[image: ]
(b)
Fig. 1: illustration of carrier wave and D2R transmission (a) without FDM based on square wave modulation. (b) with square wave modulation for FDM

Proposal 1: For single tone CW, the CW is in the center of transmission bandwidth of D2R channel.  

Proposal 2: Within D2R system bandwidth, multiple transmission channel can be supported. Different CW node can be scheduled to transmit the single tone CW of one channel.  
 

 Multi-tone CW
Multi-tone CW provides frequency diversity comparing to single tone CW, with larger transmission bandwidth. For example, when the transmission bandwidth is multiple RBs, one carrier wave can be sent per RB, forming a wider bandwidth transmission, as shown in Fig. 2.  

[image: ]


		Fig. 2: multi-tone CW with the same baseband rate for frequency diversity 


Proposal 3: For multi-tone CW, the CW is in evenly distributed within the transmission bandwidth of D2R channel.   


 CW inference to D2R receiver and NR system
Topology 1 
The inference highly depends on the deployment scenario, topology, and CW choice. In topology 1, for the three cases: 

Case 1-1: CW is transmitted from inside the topology, transmitted in DL spectrum

When D2R transmission is in the same carrier as CW, and CW is transmitted in DL spectrum, results in R2D and D2R transmission both happens in DL spectrum. This essentially turned the DL spectrum to a TDD spectrum, based on gNB R2D transmission and CW transmission. The inference scenario include:
· Self-inference of CW transmission and D2R receiving, as shown in Fig. 3.  In this case, the reader can perform self-inference cancellation based on implementation, including both RF domain and base-band domain interference cancellation schemes.  
· NR inference: With in-band AIoT and NR deployment, when gNB is receiving D2R, there are strong nearby gNB NR DL transmission on adjacent RBs, resulting a typical subband full duplex gNB receiving.   
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Fig. 3 Carrier wave emitter node is the same as reader 


If the AIoT has large frequency shift capability and is able to transmit D2R on UL spectrum while CW is on DL spectrum, inference scenario is much less severe. However it is not clear whether this is feasible given the low power consumption. 

Case 1-2: CW is transmitted from inside the topology, transmitted in UL spectrum

When CW and D2R transmission are in UL spectrum, similar as Fig. 3, self-inference needs to be handled by implementation. For NR interference, with NR UL ACLR requirement, the NR UL to D2R transmission is minimum. The AIoT D2R transmission, due to lack of filter design, the ACLR requirement can be further studied in RAN4.   

Case 1-4: CW is transmitted from outside the topology, transmitted in UL spectrum

When separate carrier wave emitter node transmits the carrier wave, the reader requires inference cancellation of the direct carrier wave to decode the modulated reflected wave as shown in Fig. 4. 
[image: A diagram of a device

Description automatically generated]
Fig. 4 Carrier wave emitter node is the different as reader 


As summarized in [5], the signal detection in this case is difficult due to several challenges: 
· Low backscatter signal strength due to the double path losses compared to the direct path interference, and the reflection loss at the ambient IoT. 
· Limited channel state information at the reader 
· Multipath propagation causing signal fading and inter-symbol interference. 
· Limited bandwidth which can limit the signal detection accuracy.  
· Unknown ambient RF source. When the carrier wave is specified in the specification, this challenge can be relaxed. 

If the CW node is used to provide power for UL transmission, the CW node needs to be close to the ambient IoT devices to meet the activation threshold. In a cell coverage target of 10 to 50 meters, multiple carrier wave emitter nodes are required. The transmission of different CW nodes further complicates the inference handling, as shown in Fig. 5. 

[image: A diagram of a network

Description automatically generated]


Fig. 5 Multiple CW nodes within the same gNB coverage 

In our view, the ambient IoT system should enable efficient inference handing in both Fig. 4 and Fig. 5 cases. The CW node selection, coordination and activation/de-activation based on D2R transmission should be specified. 

Proposal 4: When CW is transmitted by separate CW node, to enable efficient inference cancellation at the D2R receiver, methods to enable channel state information estimation of the CW signal should be studied.  

Proposal 5: When CW is transmitted by separate CW node, to enable efficient inference mitigation and cancellation, procedure for CW node selection and transmission should be studied.  

Proposal 6: When CW is transmitted by reader, it is up to implementation to reconstruct the CW signal to enable efficient inference cancellation at the D2R receiver.  


Topology 2 
In topology 2, again depending on different deployment scenario, the inference scenario and handling are different.

CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in UL spectrum

In topology 2, intermediate UE transmitting CW on UL spectrum, and receiving D2R transmission at UL spectrum. In the same time, intermediate UE has Uu UL transmission in the UL spectrum, as shown in Fig. 6 (whether R2D transmission from intermediate UE to AIoT device is on DL spectrum or UL spectrum can be separate discussion). The inference scenario include: 
· Self-inference of CW transmission and D2R receiving, similar to topology 1 case. This required the intermediate UE has full duplex capability on UL spectrum, and inference cancellation based on implementation.  
· NR inference: With in-band AIoT and NR deployment, UE will transmit Uu UL in some RBs for Uu transmission, while transmit CW on AIoT RBs, and receiving R2D at the AIoT RBs. The scenario is complicated, and could be avoided by TDM scheduling, as shown in Fig. 5. 
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Fig. 6 Intermediate UE CW transmission/D2R receiving and/or R2D transmission and Uu transmission on UL spectrum

CW is transmitted from outside the topology, transmitted in DL spectrum 

This scenario results in intermediate UE receiving Uu DL at DL spectrum, while transmit CW, R2D and receiving D2R also on DL spectrum. The inference scenario include: 
· Self-inference of CW transmission and D2R receiving, common to other cases. 
· Interference to NR Uu DL reception: With in-band AIoT and NR deployment, UE will receive Uu DL in some RBs for Uu link communication, while transmit CW on AIoT RBs, and receiving R2D at the AIoT RBs. The scenario is complicated, and could be avoided by TDM scheduling. 


CW is transmitted from outside the topology, transmitted in UL spectrum

This scenario results in intermediate UE receiving D2R transmission at UL spectrum and cross link inference from CW node. In the same time, intermediate UE has Uu UL transmission in the UL spectrum, as shown in Fig. 7. The inference scenario include: 
 
· Cross link inference of CW receiving and D2R receiving.
· Uu inference if UE is transmitting UL Uu transmission, at the same time receiving D2R.  
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			Fig.  7 Intermediate UE D2R receiving and Uu transmission on UL spectrum


Proposal 7: For topology 2, to enable efficient inference mitigation and cancellation, procedure for TDM schedule intermediate UE’s Uu link transmission and CW/R2D transmission and D2R receiving should be studied.  

Comparison of single tone and multi-tone CW 
In addition, RAN1 116bis agree to study the following aspects of CW waveform for backscattering. 
Agreement
Study at least the following characteristics of unmodulated single-tone and multiple unmodulated single-tone CW waveforms for backscattering:
· For D2R 
· Reception performance
· Spectrum utilization of backscattered signal corresponding to the CW waveforms
· CW interference suppression at D2R receiver
· Including complexity and CW cancellation capability value/range (if any) 
· For scenarios ’A1’, ’A2’ and ’B’
Relative complexity of CW generation












Based on the analysis of 2.2 and 2.3, we have the following pros/cons analysis of single tone and multi-tone CW.  

Observation 1: The following table summarize the comparison of unmodulated single tone and multiple tones CW waveform for backscattering: 

	
	Single tone
	Multi-tone

	D2R reception 
	Less frequency diversity. Can be impacted by frequency selective fading. 
	Higher frequency diversity and robust in frequency selective frequency channel

	D2R spectrum unitarization 
	Higher 
	Lower, as baseband signal is modulated into multiple carrier wave tone.

	CW inference suppression at D2R 
	When CW is transmitted outside of topology, channel state estimation is for one tone in order to reconstruct the CW interference for cancellation. 

When CW is transmitted inside topology, the CW reconstruction for cancellation is up to implementation. 
	When CW is transmitted outside of topology, channel state estimation is for multiple tones in order to reconstruct the CW interference for cancellation.

When CW is transmitted inside topology, the CW reconstruction for cancellation is up to implementation.

	CW generation complexity 
	Minimum impact
	Minimum impact




With single tone CW transmission per CW node, when multiple D2R channels are defined within system bandwidth, different CW node can send one CW tone of different D2R channel. As shown in Fig 8, if one AIoT device is in between different CW nodes, it naturally form multi-tone CW by backscattering different CW tones.   
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Fig. 8 Multi-tone CW transmission from different CW nodes within the same gNB coverage 

Deployment scenario of carrier wave emitter 
In RAN1 116, [1], deployment scenarios are captured: 

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











The agreements focus on the case when D2R backscattering is transmitted in the same carrier as CW, i.e., for devices without the capability to shift the frequency from DL spectrum to UL spectrum. Therefore, when CW is transmitted on DL spectrum, the D2R transmission is on DL spectrum as well. In SID [1], it states “Transmission from Ambient IoT device (including backscattering when used) can occur at least in UL spectrum.” Based on SID, CW transmission on UL spectrum should be prioritized, where CW transmission on DL spectrum should wait for general discussion to agree on supporting D2R transmission on DL spectrum. 

Proposal 8: For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, prioritize CW transmission on UL spectrum (case 1-2/1-4 for topology 1, and case 2-2 and case 2-4 for topology 2). 

Proposal 9: For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, deprioritize CW transmission on DL spectrum (case 1-1 for topology 1, and case 2-3 for topology 2) until D2R transmission on DL spectrum is confirmed in general discussion.  

Device type 1 and 2a requires carrier wave provided externally. Based on [2], it can be observed that performing frequency shift from DL spectrum to UL spectrum, even with optimized circuits and simplified oscillator design, it still requires 146.6 µW.  Based on the ~1 µW requirement of the low category device, we do not see that the tag can shift the carrier wave from DL spectrum to UL spectrum, if the carrier wave is transmitted in the DL spectrum. 

Observation 2: The power consumption is at least in order of 100 µW, if the tag support frequency shift from DL spectrum to UL spectrum. 

Proposal 10: To have a unified design, deprioritize D2R backscattering is transmitted in the different carrier as CW for D2R backscattering, until 9.2.1.2 confirms the support of large frequency shift for device type 1. 

Conclusion
In this contribution, we discussed carrier wave related aspects for ambient IoT design.  We have the following observations and proposals. 
Proposal 1: For single tone CW, the CW is in the center of transmission bandwidth of D2R channel.  

Proposal 2: Within D2R system bandwidth, multiple transmission channel can be supported. Different CW node can be scheduled to transmit the single tone CW of one channel.  

Proposal 3: For multi-tone CW, the CW is in evenly distributed within the transmission bandwidth of D2R channel.   

Proposal 4: When CW is transmitted by separate CW node, to enable efficient inference cancellation at the D2R receiver, methods to enable channel state information estimation of the CW signal should be studied.  

Proposal 5: When CW is transmitted by separate CW node, to enable efficient inference mitigation and cancellation, procedure for CW node selection and transmission should be studied.  

Proposal 6: When CW is transmitted by reader, it is up to implementation to reconstruct the CW signal to enable efficient inference cancellation at the D2R receiver.  

Proposal 7: For topology 2, to enable efficient inference mitigation and cancellation, procedure for TDM schedule intermediate UE’s Uu link transmission and CW/R2D transmission and D2R receiving should be studied.  

Observation 1: The following table summarize the comparison of unmodulated single tone and multiple tones CW waveform for backscattering: 

	
	Single tone
	Multi-tone

	D2R reception 
	Less frequency diversity. Can be impacted by frequency selective fading. 
	Higher frequency diversity and robust in frequency selective frequency channel

	D2R spectrum unitarization 
	Higher 
	Lower, as baseband signal is modulated into multiple carrier wave tone.

	CW inference suppression at D2R 
	When CW is transmitted outside of topology, channel state estimation is for one tone in order to reconstruct the CW interference for cancellation. 

When CW is transmitted inside topology, the CW reconstruction for cancellation is up to implementation. 
	When CW is transmitted outside of topology, channel state estimation is for multiple tones in order to reconstruct the CW interference for cancellation.

When CW is transmitted inside topology, the CW reconstruction for cancellation is up to implementation.

	CW generation complexity 
	Minimum impact
	Minimum impact




Proposal 8: For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, prioritize CW transmission on UL spectrum (case 1-2/1-4 for topology 1, and case 2-2 and case 2-4 for topology 2). 

Proposal 9: For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, deprioritize CW transmission on DL spectrum (case 1-1 for topology 1, and case 2-3 for topology 2) until D2R transmission on DL spectrum is confirmed in general discussion.  

Observation 2: The power consumption is at least in order of 100 µW, if the tag support frequency shift from DL spectrum to UL spectrum. 

Proposal 10: To have a unified design, deprioritize D2R backscattering is transmitted in the different carrier as CW for D2R backscattering, until 9.2.1.2 confirms the support of large frequency shift for device type 1. 
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