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Introduction
In RAN1#116bis meeting, some agreements of Ambient IoT device architectures have been achieved as show in [1] which involved device 2a architecture w/ RF-ED receiver, device 2b architecture w/ ZIF receiver, impact of energy storage, and the impact of RF energy harvesting on device availability.
Based on the R19 Ambient IoT SID[2], we focus on the remaining issues for Ambient IoT device architectures.

Architectures of Device 2a
RAN1#116bis meeting made the following agreements for for device 2a architecture w/ RF-ED receiver:
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 for harvesting energy from e.g., RF signal, solar, vibration/movement, temperature difference, etc
· 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).
· 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, if present
· 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
· Tx Modulator: baseband bits are modulated according to modulation scheme. This block could be the part of BB logic.
· Digital to Analog Converter (DAC) converts digital signal to analog signal.
· Low pass filter for filtering out undesired signal
· Mixer performs up converting baseband signal to RF range.
· Local oscillator (LO) for carrier frequency generation
· FFS: PLL/FLL
· FFS: Power amplifier (PA) amplifies tx signal, if present
· Details on transmitter related blocks depends on tx waveform/modulation.
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Figure 1: Device 2a architecture with RF ED receiver
Introducing a low-power radio frequency power amplifier (LNA) in device 2a would enhance its reception sensitivity, especially within the power budget constraints. This type of amplifier operates within the range of several tens to hundreds of microwatts and can provide a significant amplification gain. Therefore, integrating a low-power radio frequency power amplifier is a prudent choice for improving the performance of device 2a.

Proposal 1：The amplifier (LNA) with a power consumption of tens of uW or hundreds of uW can bring significant gain to device 2a, improving its receiving sensitivity. A low-power RF power amplifier should be introduced into device 2a.


Proposal 2：We think that the use of an RF-ED receiver in Device 2a should be given the highest priority. If considering IF-ED or ZIF receivers, their advantages should be verified.

Architectures of Device 2b
Proposal 3：Study RF-ED and IF-ED architecture for Device 2b with the following blocks.

· 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 for harvesting energy from e.g., RF signal, solar, vibration/movement, temperature difference, etc
· 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).
· Local oscillator for generating carrier frequency for Rx and Tx
· FFS: PLL/FLL
· 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, if present
· Mixer down converts RF signal to IF stage
· IF amplifier amplifies IF signal
· IF BPF for filtering out undesired signals
· IF envelope detector (IF-ED) detects envelope from IF signal.
· 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
· Tx Modulator: baseband bits are modulated according to modulation scheme. This block could be the part of BB logic.
· Digital to Analog Converter (DAC) converts digital signal to analog signal.
· Low pass filter for filtering out undesired signal
· Mixer performs up converting baseband signal to RF range.
· FFS: Power amplifier (PA) amplifies tx signal, if present
· Details on transmitter related blocks depends on e.g., waveform/modulation, etc
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Figure 2: Device 2b architecture with IF receiver
D2R Tx Modulation Architecture
RAN1 Study the impact of modulation/waveforms choices (OOK, PSK, FSK, etc) on device architecture considering following aspects.
· Tx signal generation schemes (backscatter/active generation)
· Hardware complexity/cost in RF/BB, e.g., # of branches, switches
· Power consumption
· Modulation factor (or reflection loss)
· Link (BER) performance 

RAN1 discussed the different modulation/waveform schemes of D2R in 9.4.2.1 and we gave the performance results of the different modulation schemes. In addition to this, RAN1 should also discuss the device complexity, power consumption and other effects of the modulator.

Proposal 4：For D2R Tx Modulation Architectures, study the following modulations for different device types, discuss the device complexity, power consumption and other effects of the modulator.
· ASK/OOK modulator
· PSK modulator
· FSK modulator

Assumptions for A-IoT devices

	
	Device 1
	Device 2a
	Device 2b

	Receiver Sensitivity
	≤ -40 dBm
	≤ -45 dBm
	≤ -45 dBm

	Device Power consumption 
	~1uW
	~100uW
	Several hundreds uW

	Energy Storage
	~1uF
	~10uF
	

	Energy Harvester sensitivity
	-20dBm
	-25dBm
	-25dBm

	Sampling clock 
	10^4 ~ 10^5 ppm SFO
	10^3 ~ 10^4 ppm SFO
	200ppm


Table 1. The assumptions for ambient IoT devices

Proposal 5：It is given in Table 1 of assumptions for A-IoT devices, the details need to be further discussed. 

Proposal 6：Consider the following initial SFO accuracy assumptions for ambient IoT,
· Initial SFO of 10^4 ~ 10^5 ppm for device 1
· Initial SFO of 10^3 ~ 10^4 ppm for device 2a
· Initial SFO of 200 ppm for device 2b

Conclusion
Proposal 1：The amplifier (LNA) with a power consumption of tens of uW or hundreds of uW can bring significant gain to device 2a, improving its receiving sensitivity. A low-power RF power amplifier should be introduced into device 2a.

Proposal 2：We think that the use of an RF-ED receiver in Device 2a should be given the highest priority. If considering IF-ED or ZIF receivers, their advantages should be verified.

Proposal 3：Study RF-ED and IF-ED architecture for Device 2b with the following blocks.

Proposal 4：For D2R Tx Modulation Architectures, study the following modulations for different device types, discuss the device complexity, power consumption and other effects of the modulator.
· ASK/OOK modulator
· PSK modulator
· FSK modulator
Proposal 5：It is given in Table 1 of assumptions for A-IoT devices, the details need to be further discussed. 

Proposal 6：Consider the following initial SFO accuracy assumptions for ambient IoT,
· Initial SFO of 10^4 ~ 10^5 ppm for device 1
· Initial SFO of 10^3 ~ 10^4 ppm for device 2a
· Initial SFO of 200 ppm for device 2b
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