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1   Introduction
[bookmark: OLE_LINK3]In RAN1#116 meeting, Ambient IoT device architectures were initially discussed by RAN1 and the relevant agreements can be shown as below [1]:
	For the purpose of the study, RAN1 uses the following terminologies:
· 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.
Study at least the following blocks for device 1 architecture.
· [bookmark: OLE_LINK4]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.
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).



[bookmark: OLE_LINK26]In this contribution, we provide our further considerations on Ambient IoT device architectures.
2   [bookmark: OLE_LINK1]Discussion 
2.1 General
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 1:  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
Device antenna
The current RFID technologies, a shared antenna is supported for the RF energy harvester and receiver/transmitter. And Manchester or PIE encoding is used for downlink to ensure that energy can be harvested from the DL signal while the tag is receiving it. When the tag receives a downlink signal, a part of the signal passes through the RF rectifier and is transmitted to the energy management unit. Then the energy management unit powers the tag. Another part of the signal passes through the RF envelope detector and through the comparator for decision and is input into the digital baseband. For Ambient IoT, on one hand, considering cost and complexity, a shared antenna for the RF energy harvester and receiver/transmitter should be supported, especially for Device 1. On the other hand, taking into account coverage, separate antennas for the RF energy harvester and receiver/transmitter can provide better performance of energy harvesting, downlink and backscatter link. Hence, they can also be considered for relatively high-complexity Ambient IoT devices such as Device 2a and 2b.
Proposal 2: Whether to equip shared or separate antenna for RF energy harvester and receiver/transmitter depending on Ambient IoT device complexity.
Frequency selectivity of A-IoT devices
The frequency selectivity of Ambient IoT devices can be achieved through matching network and/or RF BPF. The Q value of matching network 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 downlink and unnecessary backscattered signal in adjacent channel for backscatter link. A low-Q matching network, on the other hand, enables a wider operating frequency range. Its benefit is that CW, DL signal and UL/BL signal can be flexibly scheduled within a larger bandwidth. Moreover, a wider operating frequency range can achieve a larger frequency shift span for the backscatter signal to mitigate the impact of self-interference. However, with a wide operating frequency range, an RF BPF is necessary to filter out adjacent channel signal for DL and to filter out unnecessary out-of-band backscatter signal for BL. In RFID ISO-IEC_CD 18000-6C, the operating frequency range of the tag is 860~960MHz. 
For Device 1, RF BPF may not be feasible due to the device's low power consumption of ~1 uW. In this case, a high-Q matching network is a more suitable option. For Device 2a/2b, if a device architecture includes an RF BPF component, it can be further studied whether high-Q or Low-Q matching network is used for frequency selectivity of Ambient IoT device.
Proposal 3: For frequency selectivity of Ambient device, high-Q matching network is used for Device 1. Further study whether high-Q or low-Q matching network is used for Device 2a/2b.
Frequency shift
For backscatter link, a frequency shift on reflected signal can generate a frequency isolation to reduce the self-interference caused by carrier wave. In existing RFID technologies, the frequency shift is achieved by multiplying by a square wave signal with a target shifting frequency and the frequency shift range is up to 640 KHz. However, as it is discussed above, the tolerance of backscatter link frequency is up to 22%, leading to uncertainty regarding the actual backscattering frequency. Therefore, it is imperative to investigate its potential impact on spectrum efficiency.
[bookmark: OLE_LINK2]For Ambient IoT, if the backscattered signal is moved from a frequency band that carries CW to another frequency band, the self-interference could be ignored at BS/UE receiver. However, such a large frequency shift will obviously increase device’s power consumption and cost. Moreover, since Device 2a also has a large SFO, the backscattered signal is likely to exhibit a more significant error of frequency domain position after a large frequency shift. For this case, the network has to reserve a larger bandwidth for the backscatter signal to avoid conflicts with other signals in frequency domain. Taking the example of 50MHz frequency shift for a backscatter signal, if the frequency error of Device 2a is +/-2%, the network needs to reserve an additional 2MHz bandwidth for this frequency error. This seriously impacts the spectral efficiency. Thus, a small or medium frequency shift (e.g. several hundreds of KHz~ several MHz) can be studied, while large frequency shift of tens of MHz is not considered in Rel-19.
Proposal 4: 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.
2.2 Architecture of Device 2b 
In the summary [2] from RAN1#116, three receiver architectures of RF-ED, IF-ED, ZIF are proposed for Device 2b architecture. Since Device 2b has a local oscillator and a mixer, it is able to convert the received RF signal to a baseband signal through down-conversion. Then the baseband signal is converted into a digital signal through a comparator/ADC and input into a digital baseband processing module. Based on the capability of Device 2b, ZIF receiver is applicable. Thus, the corresponding architecture is given in Figure 1 for Device 2b. And the following function blocks are involved in the architecture.
· 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).
· PA can amplify reflected the internally generated UL signal.
· LO generates frequency.
· Mixer modulates signal’s frequency.
· Reception related blocks
· RF BPF filter for improving selectivity.
· LNA for improving signal strength and sensitivity of receiver.
· 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
· Modulator modulates the data from BB logics.
· DAC transforms digital signal into analog signal.


Figure 1 Architecture of Device 2b
Proposal 5: ZIF receiver and the above architecture can be adopted for Device 2b.
3   Conclusion
In this contribution, we further discuss the device architectures for Ambient IoT. Then the following proposals are given:
Proposal 1:  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 2: Whether to equip shared or separate antenna for RF energy harvester and receiver/transmitter depending on Ambient IoT device complexity.
Proposal 3: For frequency selectivity of Ambient device, high-Q matching network is used for Device 1. Further study whether high-Q or low-Q matching network is used for Device 2a/2b.
Proposal 4: 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.
[bookmark: _GoBack]Proposal 5: ZIF receiver and the above architecture can be adopted for Device 2b.
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