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1. Introduction
In RAN#102 meeting, a new SID [1] “Study on solutions for Ambient IoT (Internet of Things) in NR” was approved. One of the objectives is as follows.
	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.


In this contribution, we discuss characteristics of carrier wave provided to A-IoT device.
2. Discussion 
2.1 Waveform of carrier wave
In Rel-19 A-IoT, following types of devices are studied.
i. ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
ii. ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally.
For backscattered UL transmission, carrier wave is provided to A-IoT UE, and A-IoT backscatters its UL transmission on the carrier wave.
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Figure 1: Illustration of carrier wave and backscattered UL transmission
The carrier wave can be transmitted by intermediate UE as well as gNB. In addition, to ensure a certain level of coverage of carrier wave reception at A-IoT UE and backscattered wave reception at gNB/intermediate UE, potential impacts on specification such as its waveform, transmission timing at intermediated UE etc. should be studied.
A typical waveform for carrier wave is continuous sine wave with constant amplitude at given frequency. 
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Figure 2: continuous sine wave at single frequency as carrier wave
Considering that carrier wave can be also used as energy source of A-IoT, power efficiency if carrier wave would be a critical to provide a good coverage for A-IoT. therefore, another type of waveform of carrier wave such as power optimized waveform (POW) [2][3][4], which was studied for existing RFID, can be further investigated. Instead of constant power, POW produces repeated bursts of peak power. A typical POW is sine wave at multiple subcarriers, i.e., . Another kind of POW is intermittent sine wave.
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Figure 3: sine wave at multiple subcarriers as carrier wave
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Figure 4: intermittent sine wave as carrier wave
According to [5], power efficiency of energy harvesting increases with increase in the maximum of input voltage. In other words, the power efficiency will be larger if the input is a larger amplitude RF waveform. Thus, compared to continuous sine wave with constant amplitude, under same average power, POW can achieve higher power efficiency. On the other hand, POW occupies larger frequency spectrum than sine wave at single frequency. Furthermore, due to non-constant amplitude, POW makes decoding at gNB or intermediate UE more difficult.
Proposal 1:
· Study following waveforms for carrier wave.
· Option 1: Continuous sine wave at single frequency with constant amplitude.
· Option 2: Power optimized waveform with repeated bursts of peak power.
· E.g., Sine wave at multiple subcarriers.
· E.g., Intermittent sine wave.

2.2 Spectrum of carrier wave and backscattered UL transmission
According to SID, Rel-19 A-IoT is operated in FR1 licensed FDD spectrum, and transmission from Ambient IoT device including backscattering can occur at least in UL spectrum. Especially for topology 2, when A-IoT UE transmits backscattered wave in UL spectrum, an intermediated UE would receive the backscattered wave in UL spectrum while such behavior is not supported in legacy NR and it seems problematic. Therefore, whether carrier wave transmission/reception and backscattering wave transmission/reception can occur in DL spectrum or UL spectrum needs to be studied as well as other DL/UL channel/signal for A-IoT UE which is discussed in our companion contribution[6].
In Table I (for topology 1) and Table II (for topology 2), we summarize the issues brought by carrier wave on DL/UL spectrum and backscattered transmission on DL/UL spectrum considering following aspects.
· Requirement on A-IoT UE
· New requirement on BS (for topology 1) and intermediate UE (for topology 2)
· Self-interference at BS (for topology 1) and intermediate UE (for topology 2)
· Interference from legacy Tx
Table I: Summary of issues in topology 1
	
	CW on DL band
Backscatter on UL band
	CW on UL band
Backscatter on UL band
	CW on DL band
Backscatter on DL band
	CW on UL band
Backscatter on DL band

	Requirement on band switching at A-IoT
	Requires band switching  
	\
	\
	Requires band switching 

	New band requirement at 
A-IoT UE
	A-IoT Tx on UL band
A-IoT Rx on DL band
	A-IoT Tx on UL band
A-IoT Rx on UL band
	A-IoT Tx on DL band
A-IoT Rx on DL band
	A-IoT Tx on DL band
A-IoT Rx on UL band

	New band requirement at BS
	\
	BS Tx on UL band
	BS Rx on DL band
	BS Tx on UL band
BS Rx on DL band

	Self-interference at BS
(FD capability)
	\
	Requires FD capability and SI cancellation at BS
	Requires FD capability and SI cancellation at BS
	\ 

	Interference from legacy Tx
	Interference from NR UL Tx to A-IoT UL Tx
	Interference from NR UL Tx to A-IoT UL Tx
	Interference from NR DL Tx to A-IoT UL Tx
	Interference from NR DL Tx to A-IoT UL Tx



Table II: Summary of issues in topology 2
	
	CW on DL band
Backscatter on UL band
	CW on UL band
Backscatter on UL band
	CW on DL band
Backscatter on DL band
	CW on UL band
Backscatter on DL band

	Requirement on band switching at A-IoT
	Requires band switching  
	\
	\
	Requires band switching 

	New band requirement at 
A-IoT UE
	A-IoT Tx on UL band
A-IoT Rx on DL band
	A-IoT Tx on UL band
A-IoT Rx on UL band
	A-IoT Tx on DL band
A-IoT Rx on DL band
	A-IoT Tx on DL band
A-IoT Rx on UL band

	New band requirement at intermediate UE
	Intermediate UE Tx on DL band
UE Rx on UL band
	Intermediate UE Rx on UL band
	Intermediate UE Tx on DL band
	\

	Self-interference at intermediate UE
(FD capability)
	\
	Requires FD capability and SI cancellation at Intermediate UE
	Requires FD capability and SI cancellation at Intermediate UE
	\ 

	Interference from legacy Tx
	Interference from NR UL Tx to A-IoT UL Tx
	Interference from NR UL Tx to A-IoT UL Tx
	Interference from NR DL Tx to A-IoT UL Tx
	Interference from NR DL Tx to A-IoT UL Tx



Observation 1: 
· For spectrum of carrier wave and backscattered transmission in topology 1, following aspects need to be considered.
· Carrier wave and backscattering on different band requires to A-IoT device to support band switching.
· Carrier wave and backscattering on same band requires full duplex capability and self-interference handling at BS.
· Carrier wave transmitted by BS on UL band introduces new requirement for BS transmission on UL band, including regulatory requirement.
· Backscattered transmission from A-IoT UE on DL band introduces new requirement for BS reception on DL band, including regulatory requirement. 
· Backscattered transmission from A-IoT UE on DL band may suffer from interference from NR DL Tx.

Observation 2: 
· For spectrum of carrier wave and backscattered transmission in topology 2, following aspects need to be considered.
· Carrier wave and backscattering on different band requires to A-IoT device to support band switching.
· Carrier wave and backscattering on same band requires full duplex capability and self-interference handling at intermediate UE.
· Carrier wave transmitted by intermediate UE on DL band introduces new requirement for intermediate UE transmission on DL band, including regulatory requirement.
· Backscattered transmission from A-IoT UE on UL band introduces new requirement for intermediate UE reception on DL band, including regulatory requirement. 
· Backscattered transmission from A-IoT UE on DL band may suffer from interference from NR DL Tx.

Backscattered transmission from A-IoT on DL band is not preferred because interference from legacy NR DL Tx may cause performance degradation on A-IoT UL transmission, and vice versa. Backscattered transmission on UL band and carrier wave on DL band or UL band can be further studied including feasibility assessment in RAN4.

Proposal 2: 
· For spectrum of carrier wave and backscattering in topology 1, study following cases:
· carrier wave is transmitted on DL band, backscattering transmission on UL band.
· carrier wave is transmitted on UL band, backscattering transmission on UL band.
Proposal 3: 
· For spectrum of carrier wave and backscattering in topology 2, study following cases:
· carrier wave is transmitted on DL band, backscattering transmission on UL band.
· carrier wave is transmitted on UL band, backscattering transmission on UL band.

3. Conclusion
In this contribution, we discussed characteristics of carrier wave provided to A-IoT device. Based on the discussion, we made following observations and proposals.
Proposal 1:
· Study following waveforms for carrier wave.
· Option 1: Continuous sine wave at single frequency with constant amplitude.
· Option 2: Power optimized waveform with repeated bursts of peak power.
· E.g., Sine wave at multiple subcarriers.
· E.g., Intermittent sine wave.
Observation 1: 
· For spectrum of carrier wave and backscattered transmission in topology 1, following aspects need to be considered.
· Carrier wave and backscattering on different band requires to A-IoT device to support band switching.
· Carrier wave and backscattering on same band requires full duplex capability and self-interference handling at BS.
· Carrier wave transmitted by BS on UL band introduces new requirement for BS transmission on UL band, including regulatory requirement.
· Backscattered transmission from A-IoT UE on DL band introduces new requirement for BS reception on DL band, including regulatory requirement. 
· Backscattered transmission from A-IoT UE on DL band may suffer from interference from NR DL Tx.
Observation 2: 
· For spectrum of carrier wave and backscattered transmission in topology 2, following aspects need to be considered.
· Carrier wave and backscattering on different band requires to A-IoT device to support band switching.
· Carrier wave and backscattering on same band requires full duplex capability and self-interference handling at intermediate UE.
· Carrier wave transmitted by intermediate UE on DL band introduces new requirement for intermediate UE transmission on DL band, including regulatory requirement.
· Backscattered transmission from A-IoT UE on UL band introduces new requirement for intermediate UE reception on DL band, including regulatory requirement. 
· Backscattered transmission from A-IoT UE on DL band may suffer from interference from NR DL Tx.
Proposal 2: 
· For spectrum of carrier wave and backscattering in topology 1, study following cases:
· carrier wave is transmitted on DL band, backscattering transmission on UL band.
· carrier wave is transmitted on UL band, backscattering transmission on UL band.
Proposal 3: 
· For spectrum of carrier wave and backscattering in topology 2, study following cases:
· carrier wave is transmitted on DL band, backscattering transmission on UL band.
· carrier wave is transmitted on UL band, backscattering transmission on UL band.
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