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1. [bookmark: _Ref521334010]Introduction
In RAN1 #116 [1], different architectures for different devices were discussed, and the following agreements were made. Agreement
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.
Agreement
[bookmark: _Hlk163108126]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

In this document, we focus on the different blocks of the architecture based on the device capabilities.Agreement
[bookmark: _Hlk163108153]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).


2. Architectures of Ambient IoT device
2.1 Blocks for device 1 and device 2a architecture 
In the RAN1 #116 [1] meeting, the different blocks were agreed for the device 1 architecture. In the architecture, one block is a backscatter modulator. As device 1 is a very low complex and low power consumption device, the modulator for the backscattering signal should be simple and with low power design. The OOK modulator can be prioritized as a backscatter modulator. FSK and PSK modulators result in high power consumption and do not meet the requirement of device 1 but can be considered for the other devices 2a/2b.
Proposal 1: Support OOK modulator for device 1.

For device 2a architecture, we need to define the type of energy harvester that can be considered. Keeping the scope of 3GPP, it is both practical and viable to consider the energy source as the RF energy source for device 2a similar to device 1. The other energy sources like heat, thermal etc. can be taken up later in the subsequent release.

Proposal 2: The RF energy harvester should be prioritized for device 2a similar to device 1.

In the architecture of device 2a, the frequency shifter block plays a crucial role by altering the frequency of the backscattered signal. When the device receives the carrier wave with one frequency then device can backscatter its signal with different frequency. For e.g. when the device receives the carrier wave in the DL frequency, then the backscatter signal can be shifted to the UL frequency or vice versa. The frequency shifter can also be used in FDMA of the multiple devices. Using this shifter, the reader can schedule the multiple devices at the same time with no collision of the backscattering signal and frequency shifting can also help reader to cancel the strong interference from the CW in backscattering reception. 

Proposal 3: Support to study the large frequency shifter for the device 2a.
2.2 Architecture design for device 2b
Device 2b has active RF components, and the capability of generating, amplifying, and transmitting the signal. Here, the device can be considered as a simplified version of an NR UE. Device 2b consists of the following key components.  
Control Unit: The reader can control the operation of a device using control signals, which are received by the control unit. The control unit performs operations like establishing connection with reader, monitoring for control signal transmitted by the reader or some external device, performing synchronization, etc.
Clock: The operation of the device is based on an internal clock, which should be synchronized with the clock or timing at the reader to establish an effective communication. The synchronization process ensures proper synchronization between device and reader. The duration of operations and timing relation between various operations are determined based on clock. It ensures orderly and optimized operation.
Transmission Unit: This unit is responsible for generating the signal, amplifying, and transmitting. This unit can also help in generating the signal at a particular frequency. The transmitted signal can carry the IDs of the devices, sensor output, response for the command, etc.
The other components of the device 2b architecture can be similar as the device 2a architecture given in above agreement.
Proposal 4: Support to study functionalities of the transmission unit and the control Unit for device 2b.

3. Conclusion
In this document, different architectures for the different devices are discussed and the following proposals are made: 
Proposal 1: Support OOK modulator for device 1.

Proposal 2: The RF energy harvester should be prioritized for device 2a similar to device 1.

Proposal 3: Support to study the large frequency shifter for the device 2a.

Proposal 4: Support to study functionalities of the transmission unit and the control Unit for device 2b.
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