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1 Introduction
In RANP#103 Maastricht, the study item on Ambient IoT was updated [1], including the following objective:
	1. Evaluation assumptions
a) Conclude at least the following aspects of design targets left to WGs in Clause 5 (RAN design targets) of TR 38.848 [RAN1].
· Clause 5.3: Applicable maximum distance target values(s)
· Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
· Clause 5.8: 2D distribution of devices
b) Define necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
c) Identify basic blocks/components of possible Ambient IoT device architectures, taking into account state of the art implementations of low-power low-complexity devices which meet the RAN design target for power consumption and complexity. [RAN1]
d) Define link budget calculation for coverage, including whether/how to model carrier wave from node(s) inside or outside the connectivity topology.
NOTE: Assessment performance of the design targets is within the study of feasibility and necessity of proposals in the following objectives, e.g. by inspection of reference implementations in the field, simulations, analytically.
NOTE: strive to minimize evaluation cases in RAN1.



The study item description identifies two types of device for the current Ambient IoT study:
	A. The overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable the following devices:
i. ~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.
ii. ≤ a few hundred µW peak power consumption1, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, DL and/or UL amplification in the device. The device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally.
· X  is to be decided in WGs.
· Coverage design target: Maximum distance of 10-50 m with device indoors as per TR 38.848: “…a range that WGs can sub-select within”.
· For Topologies 1 & 2 (UE as intermediate node under NW control) per TR 38.848, with no RRC states, no mobility (i.e. at least no cell selection/re-selection -like function), no HARQ, no ARQ. 
NOTE 1: It is to be understood that “≤ a few hundred µW” means WGs are not tasked with setting a particular value, and that it will be for WG discussions to determine if a presented design with corresponding power consumption satisfies the “≤ a few hundred µW” requirement.



The feature lead summaries discussed in the RAN1#116 Athens meeting are [3], [4], [5].

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
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.





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).








This document considers Ambient IoT device architectures for types 1, 2a and 2b devices. The document considers aspects related to both the DL and UL. 

2 Passive device architecture (type 1 and type 2a)
Power consumption
Regarding the RF and baseband design of AIoT devices, a critical aspect is the power consumption limit. For device 1, considering the extremely limited power consumption requirement (~1 µW peak power consumption), the device may be limited to performing nothing other than basic impedance switching for the backscatter modulator in the transmission part. On the other hand, for device type 2a and 2b, further discussion is needed on the feasible functions in terms of total power consumption and their implication for the RF component choice and RF performance.
Proposal 1: The power consumption limit needs to be considered when RAN1 discusses the applicability of the architectural blocks of the Ambient IoT device architectures. 

Frequency shifter

One particular issue, related to the power consumption of the backscattering type of AIoT device, is whether such a device can tune its backscattering frequency away from the frequency of the CW signal. A common approach for such a frequency shift can be carried out by using an oscillator to toggle the switch speed on the load impedance, as shown in Fig. 1(a). Typically, such a technique is used to generate a frequency shift in the range of tens of MHz [6], while the feasibility of realizing a larger frequency shift remains to be further investigated. In particular, an oscillator usually consumes more power when it oscillates at a higher frequency. For example, assuming a ring oscillator consumes a few uW when it oscillates at a few MHz but can go up to hundreds of uW or even mW if it needs to oscillate at hundred(s) of MHzI. Therefore, with the given power budget (≤ a few hundred µW peak power consumption), the feasibility of a larger frequency shift needs to be further studied. 
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(a)                                                                              (b)
Figure. 1. A possible method to perform (a) the frequency shift on backscattering signal and (b) reflective amplification.
Observation 1: The frequency translation range of the backscattering signal needs to be studied under the power consumption limit. 
A few MHz of frequency translation (corresponding to the small frequency shifter block for device 1)  can be used to translate the backscattering signal to a different channel than the CW signal, which can help to improve the SINR on the receiver side. An even larger frequency translation can provide more flexibility in terms of spectrum allocation, e.g., it may be possible to place the CW in the DL spectrum and the backscattering signal in the UL spectrum for the same FDD band or vice versa. This large frequency shift would come at the cost of power consumption.
Observation 2: A small frequency shift (a few MHz) can be used to separate the backscattering signal from the CW signal to improve the SINR on the reader, while a larger frequency shift (tens or hundreds MHz) can be used to separate the CW and the backscattering signals on different bands or the same FDD band but different spectrum. 
Proposal 2: RAN1 studies the power consumption associated with frequency shifting functionality for device 1 and device 2a.

Reflection amplifier

Another critical RF component that needs more feasibility investigation from the power consumption aspect is the usage of a reflection amplifier (see Fig. 1 (b)). The reflection amplifier is shown using an amplifier symbol, but in general consists of componentry exhibiting negative resistance. Operation of reflection amplifiers (and in particular those based on Tunnel diodes) is described in in [7]. Some of the points made include:
	Physics
	Conservation of energy applies to reflection amplifiers

	Power source
	DC power provided by the biasing source converts into RF power that is added, upon reflection, to the impinging signal

	Frequency / gain relationship
	The locking range of frequencies of the reflection amplifier reduces as the gain of the reflection amplifier increases



For reflection amplifiers, typically, tens of dB amplification is feasible, but the fundamental design challenge is to maintain the stability of the amplifier to avoid oscillation, which needs careful choice of the load and PA impedance. Moreover, the power consumption of such type of PA is usually in the range of a couple of hundred uW but can also vary with the input CW signal level. Therefore, the feasibility of using such a component for device 2a needs to be further investigated. 
Proposal 3: The usage of reflection amplifiers needs to be investigated by RAN1 in terms of power consumption, gain, stability and frequency locking range. 

3 Active device architecture (type 2b) 
In the RAN1#116 Athens meeting, RAN1 agreed on device architectures to be studied for device types 1 and 2a. In this section, we consider the device architecture for device type 2b. 
The following blocks, illustrated in Figure 2, for device 2b should be studied:
· 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. The “RF energy harvester” harvests energy from the incident A-IoT RF signal. The “other energy harvester”  harvests other energy. This other energy can actually be RF, but in that case it would not be RF energy related to the A-IoT RF signal.	Comment by Hill, Johan: In figure it is called "Other Energy Harvester"
· Energy storage (e.g., capacitor or small battery) stores harvested energy from energy harvester.
· Power management unit (PMU) manages storing energy to energy storage from energy harvester and supplying power to active component blocks which need 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).
· Power amplifier can amplify the signal generated by the baseband logic. A transmit power in the region of -10dBm is consistent with a device whose peak power consumption is several hundreds of uW.
· Reception related blocks
· RF BPF filter for improving selectivity.
· The RF BPF can be controlled to change its centre frequency.
· LNA for improving signal strength and sensitivity of receiver.
· Detector. Detects the received signal. This could either be an RF envelope detector or a zero-IF receiver. The detector can be fed by an oscillator.
· Comparator or N-bit ADC
· Transmission related blocks
· Oscillator tuned to the UL transmission frequency. i.e. device 2b can transmit in the UL spectrum of an FDD duplex
· Mixer. Upconverts the baseband signal to the UL spectrum.
· Power amplifier can amplify the signal generated by the baseband logic. A transmit power in the region of -10dBm is consistent with a device whose peak power consumption is several hundreds of uW.
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Figure. 2. Device 2b architecture.
Proposal 4: RAN1 captures the architecture for device 2b in TR38.769, including blocks for: power amplification, tunable RF BPF and mixer to upconvert the D2R signal into UL spectrum. 
4 Conclusion 
This document has considered the architecture for Ambient IoT. The following observations and proposals are made:
Observation 1: The frequency translation range of the backscattering signal needs to be studied under the power consumption limit. 
Observation 2: A small frequency shift (a few MHz) can be used to separate the backscattering signal from the CW signal to improve the SINR on the reader, while a larger frequency shift (tens or hundreds MHz) can be used to separate the CW and the backscattering signals on different bands or the same FDD band but different spectrum. 


Proposal 1: The power consumption limit needs to be considered when RAN1 discusses the applicability of the architectural blocks of the Ambient IoT device architectures. 
Proposal 2: RAN1 studies the power consumption associated with frequency shifting functionality for device 1 and device 2a.
Proposal 3: The usage of reflection amplifiers needs to be investigated by RAN1 in terms of power consumption, gain, stability and frequency locking range. 
Proposal 4: RAN1 captures the architecture for device 2b in TR38.769, including blocks for: power amplification, tunable RF BPF and mixer to upconvert the D2R signal into UL spectrum. 
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