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[bookmark: _Ref513464071]Introduction
In RAN #116bis, specific components for device type 2a, including reflection amplifier and large frequency shifters, were discussed, and agreed upon. Additionally, general components for device type 2b, including various receiver types such as RF-ED, IF-ED and ZIF, were addressed.
This contribution further elaborates on the considerations relevant to both device types 2a and 2b.
Device Architectures
Device Type 2a
[bookmark: _Hlk165617104]The device type 2a is characterized as a low power passive device with ≤ a few hundred µW peak power consumption with DL and/or UL amplification. In RAN #116, a general device architecture for device type 2a with an RF-ED based receiver was established. Additionally, discussions during the meeting also consisted in other receiver architectures such as IF-ED and ZIF receivers. In the previous meeting, the agreements focused on consideration of reflection amplifier and large frequency shifter for the device type.
Reflection amplifier:
In RAN #116bis, following agreement was made for reflection amplifier for device type 2a.
	Agreement
Further study reflection amplifier for Device 2a, considering following aspects:
· Types of reflection amplifier
· Uni-directional/one-way (for D2R)
· Bi-directional/two-way (for both R2D and D2R)
· FFS: switching loss (if applicable)
· One-way Amplification Gain
· E.g. [10, 15, 25] dB
· Considering stability, operating frequency, and power consumption characteristics
· Bandwidth



A reflection amplifier operates as an active single port network-based amplifier, operating in the principle of negative impedance, commonly exhibited by some non-linear components such as tunnel diodes or Gunn diodes [1, 2]. The amplification can be achieved by biasing these components with a bias voltage to the negative impedance operating point where the reflection coefficient and hence the amplification is greater than 1. The degree of amplification in a reflection amplifier depends on the factors such as the frequency of the input signal, the power of the input signal, the bias voltage applied to the input signal [2, 3]. 
As illustrated in Fig. 1, the amplification gain is dependent on the power of the input signal. In the illustration, a change in input power from -50 dB to -30 dB is shown to result in a linear decrease of amplification by 10-20 dB. Similarly, the amplification level of a reflection amplifier can be optimized for a specific frequency or a frequency range by adjusting the circuit’s impedance components. Finally, to achieve amplification, the component needs to be biased in the negative impedance region with a bias voltage.
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Figure 1: Gain of reflection amplifier as a function of frequency (left [4]) and power (left and right [3])
Observation 1: Reflection amplifier gain depends on the input frequency, input power and the bias voltage.
Power consumption of reflection amplifiers:
The power consumption for reflection amplifiers stems from the DC power necessary to bias the device components to a correct operational region. Surveys of reflection amplifiers in [2, 3] indicates a power consumption range spanning from a few tens of µW to a few hundreds of µW, resulting in amplification levels in the range of 10-30dB. This power aligns with the peak power consumption constraint of the device.
Observation 2: The power consumption of reflection amplifier can range from a few tens to a few hundreds of µW and falls within the power consumption constraint of device type 2a.
Stability of reflection amplifier:
To achieve amplification with a reflection amplifier, operating within the negative impedance region is imperative. However, even within this region, specific stability conditions must be satisfied to prevent the components of the amplifier operating in unstable states [5], potentially leading to signal oscillation instead of amplification.
The stability of a reflection amplifier is contingent upon the impedance elements within the circuit, as well as factors such as input power, frequency, and the bias voltage. In [2], it was demonstrated that instability may arise when the input power falls below certain value or when operating at particular frequencies. By optimizing the circuit with appropriate bias voltage and impedance element values, amplification can be achieved within specific power or frequency ranges while ensuring stability. 
Observation 3: The stability of a reflection amplifier hinges on the bias voltage and impedance elements of the circuit and can be fine-tuned to operate within in stable regions.
Bandwidth of reflection amplifier:
The reflection amplifier adds the DC power to a specific frequency range of the input signal or the bandwidth of the reflection amplifier though injection locking [6] for amplification. This bandwidth depends on the Q-factor of the circuit, determined by the impedance values, as well as the ratio of the locked power to the input power, and the input frequency.
Observation 4: The bandwidth of the reflection amplifier depends on the impedance characteristics of the circuit, along with the input power and frequency.
Unidirectional and bi-directional reflection amplifiers:
The unidirectional reflection amplifiers are designed specifically for amplifying D2R signals by the device whereas the bi-directional amplifiers cater to both D2R and R2D signal amplification. 
As previously noted, the performance characteristics of reflection amplifiers, including amplification, stability, and bandwidth, are contingent upon the power of input signal, and the optimized values of impedance elements of the circuit. While controlling the input power of the D2R signal is straightforward, ensuring consistent input power for R2D signals can be challenging due to factors like transmission power and the distance between the reader and the device. Additionally, the frequency of D2R signals is easier to control compared to the received frequency of R2D signals, which may be distorted by imperfect channel conditions such as Doppler shift. Such distortions can affect the amplification performance and stability of reflection amplifiers, potentially leading to signal distortion. 
Moreover, it is agreed to consider LNA for the device type 2a for R2D signal amplification. Hence, bi-directional reflection amplifiers if considered could be an optional component.
Proposal 1: Include unidirectional reflection amplifier in the description of device type 2a.
Proposal 2: Bi-directional reflection amplifier, if added to the description of device 2a, should be an optional component.
Large frequency shifter:
In RAN #116bis, the following agreement was made with regards to large frequency shifters for device type 2a.
	Agreement
Further study the feasibility of large frequency shift (large FS, i.e. between DL/UL spectrum of an FDD band) for device 2a considering at least following aspects.
· Power consumption characteristics
· Frequency shift range and granularity
· Image suppression or SSB backscatter for large FS
· IF carrier frequency accuracy
· Harmonics suppression
Note: the necessity (including applicable potential scenarios) of large FS can still be discussed in other agendas of the SI



The large frequency shifters in ambient IoT devices are required to convert the frequency of backscatter signals intended for D2R transmissions to UL frequency band. This is particularly relevant in scenarios where the carrier wave (CW) is transmitted within the DL frequency band and the UE modulates it and converts it to the UL frequency band for backscattering. Achieving this conversion necessitates a frequency shift in the order of tens of MHz, enabled by the large frequency shifters.
Power consumption of large frequency shifters
Inclusion of large frequency shifters will lead to an increase in the device power consumption. Large frequency shifts can be achieved using lower power oscillators such as ring oscillators [6, 7]. A comparison of such oscillators detailed in [6] indicate power consumption ranging from tens to hundreds of µW. 
Observation 5: The power consumption of large frequency shifters typically is in the order of tens to hundreds of µW, which makes its feasible for device type 2a to shifting D2R transmission from DL to UL spectrum.
Studying the accuracy requirement for large frequency is essential, particularly considering the construction of low power oscillators as cascaded components (e.g., using a cascade of NOT gates for ring oscillators). The accuracy of oscillation, and consequently the frequency shifters, can be influenced by the individual components within this cascade. Errors such as phase noise and jitters can significantly impact the accuracy of these shifters, potentially leading to inter-channel interference if not adequately addressed. To mitigate such issues, it is crucial to consider appropriate solutions such as implementing guard bands, depending on the accuracy of the frequency shifters.
Proposal 3: Define the accuracy requirement of large frequency shifters in the device description of device type 2a to prevent issues such as inter-channel interference.
Image suppression:


Figure 2: Figure illustrating mirror image formation due to frequency shift by FΔ
Mixing frequencies with large frequency shifters can inadvertently generate unwanted images in the frequency spectrum. As illustrated in Fig. 2, when a signal originally generated or modulated in the downlink frequency (e.g., FDL) is shifted to the UL band (e.g., FUL = FDL + FΔ) with oscillators with a frequency offset (e.g., FΔ) and mixers, it creates an image of the shifted signal in frequency (FIM = FDL - FΔ), potentially causing interference with other devices or systems. 
To address this issue, it is crucial to either bypass or effectively manage this problem of image frequencies. One approach to mitigate this problem is through post-frequency shift filtering with bandpass filter. The filtering can effectively suppress the image frequencies, it comes with the trade-off of additional power consumption, cost and complexity of the device. Since band-pass filters (BPF) are considered in the device architecture, for different device types, it could be considered for image suppression for frequency shifters as a starting point.
[bookmark: _Hlk166154453]Proposal 4: Consider R2D transmission with band pass filtering to as a starting point for large frequency shifters mirror suppression.
Frequency shift range and granularity
Given the consideration for FDMA for multiple access of ambient IoT devices in uplink, large frequency shifters present a potential solution for achieving multiplexing. It is conceivable to utilize the frequency shifters with variable oscillation frequencies, wherein the granularity is aligned with the granularity of frequency multiplexing channels. However, power consumption and accuracy of the frequency shifters should be studied to enable multiplexing with frequency shifters.
Proposal 5: Study the feasibility of large frequency shifters for FDMA, focusing on power consumption, frequency accuracy requirements and required granularity to effectively multiplex the devices.
Device Type 2b
The device type 2b, based on the agreement in RAN1 meeting #116, is defined the as a low power device with ≤ a few hundred µW peak power consumption with active RF generation capability. In RAN #116bis, agreements were made to study the device type 2b with three distinct receiver types: RF-ED receiver, IF-ED receiver and ZIF receiver.
For device type 2b, the FFS in the agreements are mainly on power amplifiers and LNA, regardless of the receiver type.
Power amplifier:
Power amplifiers for device type 2b are crucial for amplifying D2R signals in the device type 2b. Amplification is particularly significant for D2R transmission, as it enhances the UL coverage, which might otherwise be limited. Additionally, these amplifiers can also serve to adjust the D2R transmission power depending on the required read range.
Proposal 6: Include power amplifier in the description for device type 2b.
LNA:
LNAs are integral for amplification and enhancing receiver sensitivity, thereby achieving the gain at the device receiver. Power consumption for LNAs typically ranges up to a few hundred µW [8, 9], with studies also showing a correlation between power consumption and receiver sensitivity [9].
Proposal 7: Include LNAs in the description for device type 2b.
Energy harvesting and energy storage
Ambient energy harvesting, from RF or non-RF sources, is one of the key features of ambient IoT devices. The device architecture agreements for different device types considers RF energy harvester, power management unit and energy storage unit. Hence, different aspects related to energy harvesting and energy storage such as energy harvesting rate, energy harvesting efficiency (e.g., power conversion efficiency from RF to DC power), energy storage efficiency, energy storage capacity, etc. should be identified and studied. Additionally, such capabilities of ambient IoT devices can be expected to be different for different device types.
If not considered, the system design for such devices could be just based on instantaneous energy harvesting and transmission and such system could only work if the CW source is sufficiently close to the device (at least in case of device 1 and 2a). 
Proposal 8: Ambient IoT study to include assumptions on energy storage and energy harvesting efficiency for evaluation of sustainable operation time and device availability.
Conclusion
In this contribution, we discussed device architecture options for Ambient IoT. The following observations and proposals were made:
Observation 1: Reflection amplifier gain depends on the input frequency, input power and the bias voltage.
Observation 2: The power consumption of reflection amplifier can range from a few tens to a few hundreds of µW and falls within the power consumption constraint of device type 2a.
Observation 3: The stability of a reflection amplifier hinges on the bias voltage and impedance elements of the circuit and can be fine-tuned to operate within in stable regions.
Observation 4: The bandwidth of the reflection amplifier depends on the impedance characteristics of the circuit, along with the input power and frequency.
Observation 5: The power consumption of large frequency shifters typically is in the order of tens to hundreds of µW, which makes its feasible for device type 2a to shifting D2R transmission from DL to UL spectrum.

Proposal 1: Include unidirectional reflection amplifier in the description of device type 2a.
Proposal 2: Bi-directional reflection amplifier, if added to the description of device 2a, should be an optional component.
Proposal 3: Define the accuracy requirement of large frequency shifters in the device description of device type 2a to prevent issues such as inter-channel interference.
Proposal 4: Consider R2D transmission with band pass filtering to as a starting point for large frequency shifters mirror suppression.
Proposal 5: Study the feasibility of large frequency shifters for FDMA, focusing on power consumption, frequency accuracy requirements and required granularity to effectively multiplex the devices.
Proposal 6: Include power amplifier in the description for device type 2b.
Proposal 7: Include LNAs in the description for device type 2b.
Proposal 8: Ambient IoT study to include assumptions on energy storage and energy harvesting efficiency for evaluation of sustainable operation time and device availability.
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Appendix
The rest of the agreements made in RAN1 #116b are as follows:
	Agreement
Study device 2b architecture w/ RF-ED receiver with 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).
· 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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Agreement
Study device 2b architecture with ZIF receiver with 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, detector, 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 (LO) for generating carrier frequency for Tx and Rx
· FFS: PLL/FLL
· FFS: one LO or separate LOs for Tx and Rx
· 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.
· Mixer down converts RF signal to BB stage. 
· Depending on implementation, there could be one or two mixers for Rx and Tx
· BB amplifier amplifies BB signal
· BB LPF can filter out undesired 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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Agreement
Study device 2b architecture with IF-ED receiver with 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 (LO) for generating carrier frequency for Tx, or for generating carrier frequency offset by the IF for Rx
· FFS: PLL/FLL
· FFS: one LO or separate LOs for Tx and Rx
· 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. 
· Depending on implementation, there could be one or two mixers for Rx and Tx
· IF amplifier amplifies IF signal
· IF filter for filtering out unwanted RF and LO signals
· IF envelope detector (IF-ED) detects envelope from IF signal.
· BB amplifier
· Depending on implementation, one or both of IF amplifier and BB amplifier may exist.
· 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
· Note: image rejection is required
· 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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