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Introduction
	Agreement
For the purpose of the study, RAN1 uses the following terminologies:
· [bookmark: OLE_LINK17]Device 1: ~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.
· 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 2b: ≤ 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 generated internally by the device.
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.
[image: ]
 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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In this contribution, the use of LNAs and large frequency shifters is discussed. The use of a low-power mixer for Device 2b is proposed, while residual SFO is recommended to be captured with initial SFO.

LNA for Device 2a
[bookmark: OLE_LINK2]For device 2a, the consideration of a Low Noise Amplifier (LNA) is under evaluation for enhancing the signal strength and sensitivity of the receiver. The potential amplification could occur in the R2D/CW2D and D2R paths, utilizing either a reflection amplifier or an LNA.
[bookmark: OLE_LINK1]Reports indicate the existence of ultra-low power LNAs with consumption ranging from 35 μW to 500 μW. Specific references include [1] with 75 μW, [2] with 500 μW, and [3] with 35 μW. Despite these lower consumption figures, typical LNAs still present mW-level power consumption. Note that R18 LPWUS has not considered LNA in the architecture, given the mW-level power budget.
Even with the availability of ultra-low power LNAs, the evaluation of coverage becomes complex due to the additional variables introduced by noise figure (NF), energy storage, and activation thresholds.
[bookmark: OLE_LINK22]Observation 1:	The inclusion of an LNA may not be feasible due to power budget limitations.
[bookmark: OLE_LINK25]Proposal 1: 	No LNA should be included in device 2a. FFS on alternative methods for improving receiver sensitivity and signal strength without compromising the power budget.

Frequency shifter for Device 2a
For device 2a, the use of a large frequency shifter for backscattered signals has been raised. The shifter would be used to transition a signal from an FDD-DL frequency to an FDD-UL frequency, involving shifts of tens of MHz. However, the necessity and feasibility of such a frequency shifter are under question. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK12]Research indicates that a typical large frequency shifter consumes at least 1 mW of power. However, there are reports of devices operating on a few µW. [4] demonstrates a 544µW consumption for a 10MHz shift. [5] also references several µW power consumption levels. The implementation of a frequency shifter would reduce the burden of interference management among the legacy UE and A-IoT devices. With this regard, the frequency shifter for device 2a should be considered at least for less than a 10MHz shift.
[bookmark: OLE_LINK26]Proposal 2: 	A large frequency shifter for Device 2a can be considered with around 10MHz shift, which simplifies the interference management among legacy and A-IoT devices.

Activation thresholds
[bookmark: OLE_LINK13]In the evaluation of 9.4.1.1, the determination of a feasible threshold value(s) for coverage assessment is crucial. Various entities have proposed differing tag activation thresholds from -20dBm to -45dBm. The diversity in these values suggests a need for a consensus on a practical RFID activation threshold range, considering the real-world product specifications and the challenges within cellular networks. 
RFID typically has an activation value of -20dBm as reported in [6], which can be considered as the baseline for device 1a since both device types use RF energy harvesting only. The other threshold values are not precluded for device 2a and device 2b, considering other energy sources and charging efficiency.
[bookmark: OLE_LINK27]Proposal 3:	The activation threshold can be -20 dBm for device 1. Other values are not precluded for devices 2a and 2b, considering different energy sources rather than RF signals.

Mixer for Device 2b
[bookmark: OLE_LINK16]Device 2b's peak power consumption is proposed to be ≤ a few hundred µW, with UL transmission generated internally. A study on a low-power mixer for both DL and UL is underway.

The feasibility of a low-power mixer operating within the hundred µW range is supported by companies. Mixers with FLL have been reported with power consumptions of 120 µW [1] and 170 µW [2] for CFOs of 200 ppm and 50 ppm, respectively. The power consumption reports for mixers with FLL indicate a manageable power budget for CFOs. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK10]Device 2b's inclusion of a mixer could enable legacy Device 1/2a behavior while supporting a broader range of use cases, such as sensors and trackers. Moreover, if a mixer can be supported, the support for a large frequency shifter in Device 2b can be implemented by low-power alternatives, e.g., using frequency dividers, which further reduces the impact on network interference.  
[bookmark: OLE_LINK23][bookmark: OLE_LINK14]Observation 2: 	Device 2b's design with a low-power mixer is feasible and can extend support to a wider range of applications beyond legacy Device 1/2a behavior.
[bookmark: OLE_LINK28]Proposal 4: 	Device 2b can support a mixer based on the current power consumption budget assumption, and can be used as a large frequency shifter with a low-power FLL.

BB-ED for Device 2b
Device 2b's peak power consumption is proposed to be ≤ a few hundred µW, with UL transmission generated internally. If a mixer is supported, there is no need to rely on RF ED for frequency down-conversion. A downside of using RF-ED or IF-ED is the lack of pre-processing such as auto gain control, timing and frequency tracking, and signal-to-noise estimation. Also, RF-ED and IF-ED cannot be integrated into a chip, which may limit its applications. 
[bookmark: OLE_LINK30][bookmark: OLE_LINK19]Observation 3: 	for Device 2b, if a mixer is supported, there is no need to consider RF-ED and IF-ED for frequency down-conversion. 
[bookmark: OLE_LINK31]Observation 4: 	Baseband envelope detector (BB-ED) has advantages in on-chip implementation and the support of digital pre-processing for better performance.
[bookmark: OLE_LINK32]Proposal 5: 	For device 2b, if a mixer can be supported, BB-ED should be considered for its flexibility of on-chip implementation and digital signal processing.

Residual SFO
[bookmark: OLE_LINK20]The Initial Sampling Frequency Offset (SFO) is up to 10X ppm. However, relying on initial SFO for system evaluation may not consider post-synchronization improvements. At least for device 2b, the use of low-power FLL and temperature compensators could better manage residual SFO than initial SFO.
[bookmark: OLE_LINK18][bookmark: OLE_LINK21]For device 2b, the mixer can be driven by a 20ppm Real-Time Clock (RTC). Therefore, the residual SFO can be 20ppm to 200ppm rather than the initial SFO up to 10X ppm. 
[bookmark: OLE_LINK24]Observation 5:	 For device 2b, initial SFO considerations may not accurately reflect operational frequency accuracy post-NW synchronization. 
[bookmark: OLE_LINK29]Proposal 6:	For device 2b, consider using the residual SFO of up to 200 ppm for evaluation rather than the initial SFO of up to 10X ppm.

Conclusion
In this contribution, we have the following observations:
Observation 1:	The inclusion of an LNA may not be feasible due to power budget limitations.
Observation 2: 	Device 2b's design with a low-power mixer is feasible and can extend support to a wider range of applications beyond legacy Device 1/2a behavior.
Observation 3: 	for Device 2b, if a mixer is supported, there is no need to consider RF-ED and IF-ED for frequency down-conversion. 
Observation 4: 	Baseband envelope detector (BB-ED) has advantages in on-chip implementation and the support of digital pre-processing for better performance.
Observation 5:	 For device 2b, initial SFO considerations may not accurately reflect operational frequency accuracy post-NW synchronization. 
Based on these observations, we have the following proposals:
Proposal 1: 	No LNA should be included in device 2a. FFS on alternative methods for improving receiver sensitivity and signal strength without compromising the power budget.
Proposal 2: 	A large frequency shifter for Device 2a can be considered with around 10MHz shift, which simplifies the interference management among legacy and A-IoT devices.
Proposal 3:	The activation threshold can be -20 dBm for device 1. Other values are not precluded for devices 2a and 2b, considering different energy sources rather than RF signals.
Proposal 4: 	Device 2b can support a mixer based on the current power consumption budget assumption, and can be used as a large frequency shifter with a low-power FLL.
Proposal 5: 	For device 2b, if a mixer can be supported, BB-ED should be considered for its flexibility of on-chip implementation and digital signal processing.
Proposal 6:	For device 2b, consider using the residual SFO of up to 200 ppm for evaluation rather than the initial SFO of up to 10X ppm.
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