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1   Introduction
[bookmark: OLE_LINK3]In RAN1#116bis meeting, Ambient IoT device architectures were discussed and the relevant agreements can be given as below [1]:
	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.
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
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
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
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



[bookmark: OLE_LINK26]In this contribution, we provide our further considerations on Ambient IoT device architectures.
2   Discussion
LNA
In Ambient IoT device architecture, the role of LNA is to amplify R2D signal strength and improve receiver sensitivity. Typically, the power consumption of an LNA is at mW-level. However, considering the trade-off between amplification gain and power consumption, it is possible to complete an LNA with 100uW-level power consumption by selecting appropriate transistors and optimizing the circuit. For Ambient IoT devices with LNAs, lower receiver sensitivity can be achieved to improve the coverage performance of the R2D link. Therefore, LNA can be contained in the receiver architecture as an optional block for devices 2a and 2b. And the corresponding description is modified as following: 
· FFS: LNA for improving signal strength and sensitivity of receiver, if present
· Depending on implementation, it may not exist.
Proposal 1: LNA can be supported as an optional block in devices 2a and 2b architectures. And the corresponding description is modified as following: 
· FFS: LNA for improving signal strength and sensitivity of receiver, if present
· Depending on implementation, it may not exist.
Sampling frequency offset
In RFID specifications, the tolerance of backscatter link frequency ranges from 5% to 22%. Therefore, the sampling frequency offset of an RFID tag may reach the order of 104 to 105 PPM. In LP-WUS technologies, the evaluated sampling frequency offset does not exceed 200 PPM. For Ambient IoT, since three types of devices have different power consumption, complexity and hardware performance, the SFO can be considered separately for each device type. Device 1 has similar power consumption and complexity to RFID passive tags, so an SFO of 104 to 105 PPM is considered. Device 2a has much higher power consumption than device 1 and can employ superior components. An SFO of 103 to 104 PPM can be assumed for device 2a. The capabilities of device 2b are close to LP-WUS receiver, so 102 PPM can be considered as a baseline for SFO.
Proposal 2:  The following initial sampling frequency offsets can be assumed for Ambient IoT. 
· 104~ 105 PPM for Device 1
· 103~ 104 PPM for Device 2a
· 102 PPM for Device 2b
Frequency shift for device 2a
According to the existing RFID specifications, a small frequency shift with up to 640 KHz can be configured for backscattered signal and it is achieved by multiplying by a square wave signal with the target shifting frequency. For Ambient IoT, the frequency shift of the backscattered signal should also be supported in D2R link. Small frequency shift within a DL or UL spectrum in FDD is mainly used to improve the spectrum efficiency of Ambient IoT, e.g., to avoid CW interference or to support FDM. Large frequency shift between DL and UL spectrums is mainly for avoid the necessity of reader full duplex capability. Whereas, the feasibility of large frequency shift cannot be guaranteed for device 2a.
On power consumption, small or medium frequency shift (e.g. several hundreds of KHz~ several MHz) can be achieved based on power consumption of several uW. For large frequency shift, the span between the uplink and downlink spectrums is often tens of MHz in FDD band. Such a large frequency shift will additionally increase power consumption by tens or even hundreds of uW. This power consumption overhead is a significant burden for device 2a.
On image suppression, frequency shift will generate an additional image signal with CW and the frequency-shifted signal and its image signal are located on opposite sides of CW. For small frequency shift, the interference caused by the image signal can be avoided through appropriate frequency resource allocation and guard band. For large frequency shift, since the image signal is likely to appear out of band, a RF BPF needs to be used by the Ambient IoT device to filter out the image signal. However, Tx filter is not defined in the existing device 2a architecture.
On IF carrier frequency accuracy, assuming the SFO of 104 for device 2a, the tolerance of carrier frequency of D2R link will reach 1%. After a large frequency shift, the backscattered signal is likely to exhibit a more serious carrier frequency error. That is, there is an uncertainty regarding the actual D2R carrier frequency. As a result, the network has to reserve a larger bandwidth for the D2R signal to avoid conflicts with other signals in frequency domain. This will greatly reduce spectrum utilization efficiency. Taking the example of 50MHz frequency shift, the carrier frequency of the D2R signal after frequency shifting may fall within the range of [49.5, 50.5] MHz. Thus, the network needs to reserve an additional 1 MHz bandwidth for this frequency error. 
Therefore, a small or medium frequency shift (e.g. several hundreds of KHz~ several MHz) can be studied while a large frequency shift of tens of MHz is not considered in Rel-19. Furthermore, the granularity of frequency shift depends on the backscatter signal bandwidth and guard band size. So it can be studied after the relevant physical layer design is completed. 
Proposal 3: Study the impacts of small or medium frequency shift (e.g. several hundreds of KHz~ several MHz). Large frequency shift of tens of MHz is not considered in Rel-19.
Selectivity
The frequency selectivity of Ambient IoT devices can be achieved through antenna matching network and filters. 
For antenna matching network, the Q value affects the bandwidth of signal received and transmitted by the device. Outside this bandwidth, the impedance matching of device’s antenna will be less effective. A high-Q matching network can provide a narrower operating frequency range to enhance frequency selectivity. Therefore, it can be used for the device to suppress adjacent channel interference for R2D link and unnecessary backscattered signal in adjacent channel for D2R link. A low-Q matching network, on the other hand, enables a wider operating frequency range. Its benefit is that CW, R2D and D2R signals can be flexibly scheduled in a larger bandwidth. Also, a wider operating frequency range can achieve a larger frequency shift span for the backscatter signal to mitigate the impact of CW self-interference. In RFID ISO-IEC_CD 18000-6C, the operating frequency range of the tag is 860~960MHz. 
For Rx filters, RF BPF, IF filter and BB LPF can be considered to improve the frequency selectivity of Ambient IoT device receiver. For the receiver with RF BPF, the RF BPF can be used for filtering adjacent channel interference. For device 2b receiver with IF-ED, IF filter can be used to filter out unnecessary RF and LO signals to IF-ED. For the receiver with BB LPF, the BB LPF can filter out harmonics and high frequency components to comparator/ADC and subsequent decoder. But for RF-ED or IF-ED receiver, BB LPF cannot suppress interference to envelope detection if the device receives other signals in a large operating bandwidth. In this case, the RF BPF/IF filter is required to achieve receiver selectivity.
For device 1, the RF BPF may not be feasible due to the device's ultra low power consumption of ~1 uW. Hence, the operating frequency range of device 1 should be ensured to be within the Ambient IoT system bandwidth to avoid receiving unwanted signals. For device 2a/2b, the usage of antenna matching network and Rx filters can be further designed or based on implementation to satisfy the selectivity requirements. The details can be studied in RAN4.
Proposal 4: The operating frequency range of device 1 does not exceed the Ambient IoT system bandwidth.
3   Conclusion
In this contribution, we further discuss the device architectures for Ambient IoT. Then the following proposals are provided:
Proposal 1: LNA can be supported as an optional block in devices 2a and 2b architectures. And the corresponding description is modified as following: 
· FFS: LNA for improving signal strength and sensitivity of receiver, if present
· Depending on implementation, it may not exist.
Proposal 2:  The following initial sampling frequency offsets can be assumed for Ambient IoT. 
· 104~ 105 PPM for Device 1
· 103~ 104 PPM for Device 2a
· 102 PPM for Device 2b
Proposal 3: Study the impacts of small or medium frequency shift (e.g. several hundreds of KHz~ several MHz). Large frequency shift of tens of MHz is not considered in Rel-19.
Proposal 4: The operating frequency range of device 1 does not exceed the Ambient IoT system bandwidth.
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