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1. Background
This contribution addresses ambient IoT device architectures for the above device 1 and 2a/2b.
2. Ambient IoT architectures options
2.1. Device 1
Agreement
Study at least the following blocks for device 1 architecture.
· Antenna could be either shared or separate for RF energy harvester and receiver/transmitter.
· Matching network is to match impedance between antenna and other components (including RF energy harvester and receiver related blocks).
· RF energy harvester can include rectifier performing RF signal (AC) to DC conversion.
· Energy storage (e.g., capacitor) stores harvested energy from RF energy harvester.
· Power management unit (PMU) manages storing energy to energy storage from energy harvester and suppling power to active component blocks which needs power supply.
· Digital BB logic includes functional blocks like encoder, decoder, controller, etc.
· Memory can include two types of memory: 1) Non-Volatile Memory (NVM) such as EEPROM for permanently storing device ID, etc, and 2) registers for temporarily keeping any information required for its operation only while energy is available in energy storage.
· Clock generator provides required clock signal(s).
· Reception related blocks
· RF BPF for improving selectivity.
· Depending on implementation, it may not exist. RAN4 RF requirement (if any, e.g., ACS) and peak power consumption target also need to be considered.
· RF Envelope Detector converts RF signal to baseband.
· BB LPF can filter out harmonics and high frequency components to improve input signal quality to comparator.
· Depending on implementation, it may not exist. Presence of BB LPF is assumed for the study.
· Comparator determines high/low of input signal.
· Transmission related blocks
· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics. Waveform/Modulation type is FFS.
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According to this, the following is an further description for each component of the device 1.
Table 1. Device 1 characteristics
	Device 1 Components
	Characteristics

	Total peak power
	~ 1uW

	Matching network
	- Several tens of MHz BW, [2]
- High-Q matching network and/or RF BPF can be used to suppress adjacent channel interference

	RF energy harvesting
	- With typically around -20dBm threshold for RF energy harvesting, an on-chip capacitor with limited energy storage is applicable for such case. [3][4]
- With 10s RF energy harvesting time, 1uF off-chip capacitor, 5% harvesting efficiency, the estimated threshold for RF energy harvesting can be up to -30dBm so that the capacitor can be filled up during 10 seconds. 

	RF ED
	The RF signal is converted into baseband signal directly via an RF envelope detector.
Considering ED threshold -36dBm with amplifier. [6]

	BB LPF
	- BB LPF is used to avoid interference.
- Interference suppression for interference from legacy NR/LTE signals on adjacent subcarriers. 
- The legacy NR/LTE signals are considered to be wideband interference across the whole frequency domain. A BB LPF is helpful to filter out the BB signals with limited signal bandwidth.

	Sampling Clock
	- The Sampling Clock is provided by a on-chip oscillator with typically around 1-2 Msps and maximum 10^4 ~ 10^5 ppm SFO. [5]
- There is no Local Oscillator (LO), no Phase-Locked Loop (PLL) and Frequency-Locked Loop (FLL).
- No clock is not running when power off.

	ADC or comparator
	Typically 1-bit. Ascending/descending edges detection for timing based OOK Manchester decoding is used.  

	Correlator
	Complex signal processing in digital domain for preamble correlation operation might be restricted for ~1uW peak power consumption.

	Digital BB
	Simple digital state machine with limited number of register and processing capability. 

	Impedance modulation
	For backscatter link,
- OOK is start point, BPSK/QPSK may be also considered and it is beneficial to improve backscatter energy efficiency. 

	Registers, e.g. RAM
	- The memory is not kept when power off.
- FFS size.

	Non-Volatile Memory, e.g., EPROM
	- More power consumption is needed for an write operation.
- Limited number of write operation in life cycle.

	Note: 
No BB amplifier is considered




Proposal 1: Table 1 in R-2402566 is used for further study of device 1 architecture.

2.2. Device 2a
· Device 2a: ≤ 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 is backscattered on a carrier wave provided externally.

Device 2a (DL and UL amplifier)
Agreement
Study at least following blocks for device 2a architecture w/ RF-ED receiver.
· Antenna could be either shared or separate for RF energy harvester (if present) and receiver/transmitter.
· Matching network is to match impedance between antenna and other components (including RF energy harvester (if present) and receiver related blocks).
· Energy harvester.
· Energy storage (e.g., capacitor) stores harvested energy from energy harvester.
· Power management unit (PMU) manages storing energy to energy storage from energy harvester and suppling power to active component blocks which needs power supply.
· Digital BB logic includes functional blocks like encoder, decoder, controller, etc.
· Memory can include two types of memory: 1) Non-Volatile Memory (NVM) such as EEPROM for permanently storing device ID, etc, and 2) registers for temporarily keeping any information required for its operation only while energy is available in energy storage.
· Clock generator provides required clock signal(s).
· Reflection amplifier can amplify reflected backscattered signal.
· FFS study applicability of amplification of rx signal, power consumption.
· At least one of R2D/CW2D and D2R could be amplified by either reflection amplifier or LNA.
· Reception related blocks
· RF BPF filter for improving selectivity.
· Depending on implementation, it may not exist. RAN4 RF requirement (if any, e.g., ACS) and peak power consumption target also need to be considered.
· FFS: LNA for improving signal strength and sensitivity of receiver.
· At least one of R2D/CW2D and D2R could be amplified by either reflection amplifier or LNA.
· RF envelope detector (RF-ED) detects envelope from RF signal.
· BB amplifier amplifies BB signal to improve signal strength.
· BB LPF can filter out harmonics and high frequency components to improve input signal quality to comparator/ADC.
· Depending on implementation, it may not exist.
· Comparator or N-bit ADC
· Transmission related blocks
· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics.
· FFS: Large Frequency shifter (e.g., tens of MHz) for shifting backscattered signal from one frequency (e.g., FDD-DL frequency) to another frequency (e.g., FDD-UL frequency).
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Table 2A. Device 2A characteristics
	Device 2A Components
	Characteristics

	Total peak power
	A few hundreds uW

	Matching network
	- Several tens of MHz, 
- High-Q matching network and/or RF BPF can be used to suppress adjacent channel interference

	RF ED
	The RF signal is converted into baseband signal directly via an RF envelope detector. IF and ZIF ED is not pursued due to higher power consumption.

	LNA
	Amplifier is used (analog domain). Considering the detection threshold can be extended from -45dBm, with 10dB amplifier compared to device 1.

	BB LPF
	similar to Table 1

	Sampling Clock
	- The Sampling Clock is provided by a on-chip oscillator with typically around 1-2 Msps and maximum 10^4 ~ 10^5 ppm SFO.
- FFS feasibility of off chip oscillator and SFO.
- There is no Local Oscillator (LO), no Phase-Locked Loop (PLL) and Frequency-Locked Loop (FLL).
- No clock is not running when power off.

	ADC or comparator
	1-bit

	Correlator
	Digital domain sequence correlation is feasible.

	Digital BB
	- Simple processing with limited processing complexity. 
- No FFT operation
- No more than hundreds of kbps capability.

	Impedance modulation & Amplifier
	For backscatter link,
- 10-15dB amplifier in is considered.
- OOK is start point, BPSK/QPSK may be also considered and it is beneficial to improve data rate and for better backscatter efficiency. 

	Registers, e.g. RAM
	- The memory is not kept when power off.
- FFS size.

	Non-Volatile Memory, e.g., EPROM
	Better capacity than device 1. No constraint to read and write.

	Capacitor
	- Off-chip capacitor is applicable to store energy, e.g., tens of uF.
- Implementation based energy harvesting, e.g., solar, vibration. Or possible with a small battery source.



For RF energy harvesting for device 2a, if around -30dBm activation threshold is considered, the capacitor should be around tens of uF. Higher capacitor may lead to higher leakage of power. If the charging time is in tens of seconds, it seems the discharging time would be very limited if the power consumption is 100uW-500uW, e.g., several ms to tens of ms.
Proposal 2: Table 2 in R-2402566 is used for further study of device 2a architecture.
· with both downlink and uplink amplifier with 10-15dB.
· RF ED is considered for device 2a. IF and ZIF ED is not pursued for device 2a.

2.3. Device 2b
For device’s UL transmission that is generated internally by the device, it could be quite similar to the legacy UE architectures but without some power consuming components, such as FFT processing, PLL, FLL. Ring oscillator with lower power consumption can be considered but with bad CFO. Such assumptions which has been discussed in LP-WUS/WUR can be considered, such as Table 6.2-3 (Frequency error/drifting) in TR38.869. 200ppm can be considered as start point which is similar to the assumption using ring oscillator.
Possible architecture for device 2b can be RF/IF/ZIF ED. For lowest power consumption, RF ED for device 2b is preferred. The harmonized design target between device types 1/2a/2b can be achieved.
For the receiver sensitivity, it may depend on the receiver architecture. If RF ED is used for device 2b, similar sensitivity can be achieved for device 2b and 2a.
Proposal 3: RF ED for device 2b is preferred for device 2b. IF/ZIF ED is not pursued.
3. Summary of the assumptions
Table 3. Summary of the assumptions for ambient IoT devices.
	
	Device 1
	Device 2a
	Device 2b

	Receiver Sensitivity
	-36dBm
	-45dBm
	Depending on device architecture

	DL amplifier
	No
	Yes, ~10dB
	Yes, ~10dB

	UL amplifier
	No
	Yes, 10-15dB
	N/A

	SFO and sampling freq
	Harmonized design assuming 104 ~ 105 ppm, and 1.92Msps

	Energy Storage
	~1uF
	~10uF
	

	Power 
	~1uW
	~100uW
	Several hundreds uW

	Energy Harvester
	-30dBm to fully charge capacitor in 10s
	-23dBm to fully charge capacitor in 10s
	


Proposal 4: Table 3 in R1-2402566 is used for further study.

4. Conclusions
Proposal 1: Table 1 in R-2402566 is used for further study of device 1 architecture.
Proposal 2: Table 2 in R-2402566 is used for further study of device 2a architecture.
· with both downlink and uplink amplifier with 10-15dB.
· RF ED is considered for device 2a. IF and ZIF ED is not pursued for device 2a.
Proposal 3: RF ED for device 2b is preferred for device 2b. IF/ZIF ED is not pursued.
Proposal 4: Table 3 in R1-2402566 is used for further study.
Table 3. Summary of the assumptions for ambient IoT devices.
	
	Device 1
	Device 2a
	Device 2b

	Receiver Sensitivity
	-36dBm
	-45dBm
	Depending on device architecture

	DL amplifier
	No
	Yes, ~10dB
	Yes, ~10dB

	UL amplifier
	No
	Yes, 10-15dB
	N/A

	SFO and sampling freq
	Harmonized design assuming 104 ~ 105 ppm, and 1.92Msps

	Energy Storage
	~1uF
	~10uF
	

	Power 
	~1uW
	~100uW
	Several hundreds uW

	Energy Harvester
	-30dBm to fully charge capacitor in 10s
	-23dBm to fully charge capacitor in 10s
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