3GPP TSG RAN WG1 Meeting #116-bis	R1-2402045
Changsha, China, April 15 – 19, 2024
Agenda Item:	9.4.2.4
Source:	FUTUREWEI
Title:	Discussion on External Carrier Waveform Characteristics for Ambient IoT
Document for:	Discussion and Decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
During the RAN1#116 meeting, RAN1 reached a number of agreements on characteristics of carrier-wave waveform provided externally to Ambient IoT devices. In this contribution, we continue to discuss and present our views about interference caused by CW transmission. 
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At the RAN1#116 meeting, RAN1 reached the following agreements:
	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.

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




During the RAN#103 meeting, RAN made an agreement concerning energy harvesting [3]:
	Proposal 2
· Confirm that study of design of energy harvesting signal/waveform is out of SI scope in Rel-19
· The potential impact of energy harvesting on device availability for transmission and reception procedures can be considered for the study
· One device’s charging by energy harvesting can be assumed up to several tens of seconds
· Note: this value can be revisited in future RAN plenary meetings, if necessary
· TR 38.848 clause 5.6 statement on latency remains the case with respect to a single device, i.e.: “NOTE: The time for charging the Ambient IoT device storage (if present) is not included in the latency defined above. Time for energy harvesting, charging, etc. is regarded as an implementation issue only.”
· No SID revision is necessary



Observation 1: In the RAN agreement, the study of design of energy harvesting signal/waveform is out of SI scope in Rel-19. 
Based on Observation 1, the design of energy harvesting signal/waveform for Device 1, Device 2a, and Device 2b will not be further discussed in RAN1. 
Proposal 1: RAN1 should not further discuss technical design of energy harvesting signal/waveform for Device 1, Device 2a, and Device 2b.

Deployment scenario 1 with Topology 1
From the RAN1 agreements, there are three cases for Topology 1, which are shown in Figures 1, 2 and 3. According to TR 38.848 for Deployment Scenario 1, both gNBs and Ambient IoT devices are situated in the indoor environment. 
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Figure 1: Case 1-1: CW is transmitted from inside the topology, transmitted in the FDD DL spectrum
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Figure 2: Case 1-2: CW is transmitted from inside the topology, transmitted in the FDD UL spectrum
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Figure 3: Case 1-3: CW is transmitted from outside the topology, transmitted in the FDD UL spectrum

Case 1-1 and Case 1-2 are similar except for the frequency that is used for CW transmission. In Case 1-1, it is the FDD DL frequency and FDD UL frequency for Case 1-2. In both cases, the reader which transmits the CW also receives the backscattered wave at the same time. As a result, the reader receives a composite signal, composing the CW and the backscattered wave. In both cases, the CW is considered as an unwanted signal, causing self-interference. Such self-interference can be mitigated through implementation, transmitter-receiver antenna isolation (i.e., the reader which receives the backscattered wave is not co-located with the reader transmitting the CW), line encoding generating a frequency shift of backscattered wave, etc. One benefit of using such line encoding is in supporting multiple devices through frequency-division multiplexing in the D2R transmission direction simultaneously.    
For Case 1-4, the CW source is not co-located with the reader that receives the backscattered wave. Depending on the separation distance between the CW source and the reader, the signal strength of the CW can be significantly lowered than the one in Cases 1-1 and 1-2. As such, interference cancellation may not be needed at the reader. However, if the interference level caused by the CW at the reader is significant, then interference handling can be more challenging than Cases 1-1 and 1-2 as the reader may need to acquire channel knowledge.  

Observation 2: In Cases 1-1, and 1-2, interference caused by CW to Ambient IoT receiver D2R can be mitigated by various means such as implementation, transmitter-receiver antenna isolation. 
Observation 3: In Case 1-4, handling interference may not be needed.
Proposal 2: For interference caused by CW to Ambient IoT D2R receiver in Cases 1-1, 1-2 and 1-4, RAN1 considers studying interference handling including small frequency shifts (e.g., using line encoding schemes or square waves) of backscattered signals:
· Case 1-2 can be deprioritized.

Deployment Scenario 2 with Topology 2
From the RAN1 agreements, there are three cases for Topology 2, which are shown in Figures 4, 5, and 6. According to TR 38.848 for Deployment Scenario 2, the base stations (or gNBs) are outdoors and the Ambient IoT devices are situated in the indoor environment. The UE serves as an intermediate node between the Ambient IoT device and the base station.
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Figure 4: Case 2-2: CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in FDD UL spectrum 
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Figure 5: Case 2-3: CW is transmitted from outside the topology (i.e., intermediate UE), transmitted in FDD DL spectrum 
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Figure 6: Case 2-4: CW is transmitted from outside the topology (i.e., intermediate UE), transmitted in FDD UL spectrum 

Case 2-2 is similar to Cases 1-1 and 1-2 in which the reader experiences self-interference. Here the reader is UE which does not have the same capability as a gNB. 
Cases 2-3 and 2-4 are similar to Case 1-3 where the CW source is outside the topology. The reader encounters the problem as in Case 1-3, i.e., channel state information acquisition is needed in order to mitigate interference from the CW outside the topology.   
Observation 4: In Cases 2-3 and 2-4, interference handling is more challenging than Case 2-2.
Proposal 3: For interference caused by CW to Ambient IoT D2R receiver in Cases 2-2, 2-3 and 2-4, RAN1 considers studying interference handling including small frequency shifts (e.g., using line encoding schemes or square waves) of backscattered signals.

Waveforms of external carrier-wave source
Based on Observation 1, the study of the design of energy harvesting signal/waveform is out of the Rel-19 scope. As such single-tone unmodulated sinusoidal waveform for externally provided carrier wave is preferred over a multi-tone waveform. Further, non-linear components in Ambient IoT devices can cause multi-tone waveforms (such as OFDM) to lose orthogonality.  
Proposal 4: RAN1 should prioritize single-tone unmodulated sinusoid waveform for externally provided carrier wave for D2R backscattering.

Conclusion
This contribution has discussed external carrier wave characteristics and interference handling at Ambient IoT receivers. The following observations and proposals have been made:
Observation 1: In the RAN agreement, the study of design of energy harvesting signal/waveform is out of SI scope in Rel-19. 
Proposal 1: RAN1 should not further discuss technical design of energy harvesting signal/waveform for Device 1, Device 2a, and Device 2b.
Observation 2: In Cases 1-1, and 1-2, interference caused by CW to Ambient IoT receiver D2R can be mitigated by various means such as implementation, transmitter-receiver antenna isolation. 
Observation 3: In Case 1-4, handling interference may not be needed.
Proposal 2: For interference caused by CW to Ambient IoT D2R receiver in Cases 1-1, 1-2 and 1-4, RAN1 considers studying interference handling including small frequency shifts (e.g., using line encoding schemes or square waves) of backscattered signals:
· Case 1-2 can be deprioritized.
Observation 4: In Cases 2-3 and 2-4, interference handling is more challenging than Case 2-2.
Proposal 3: For interference caused by CW to Ambient IoT D2R receiver in Cases 2-2, 2-3 and 2-4, RAN1 considers studying interference handling including small frequency shifts (e.g., using line encoding schemes or square waves) of backscattered signals.
Proposal 4: RAN1 should prioritize single-tone unmodulated sinusoid waveform for externally provided carrier wave for D2R backscattering.
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