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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]The study item on solutions for Ambient IoT (Internet of Things) was approved in RAN #102 meeting [1] and revised in RAN #103 meeting [2]. In last RAN1 #116-bis meeting [3], the following agreements were achieved for Ambient IoT device architectures 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.

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

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

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

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




In this contribution, we further discuss Ambient IoT device architectures.
Discussion on Ambient IoT device architectures
1.1     Frequency Shifter
[bookmark: _Hlk165986309]Regarding the frequency shifter, there are two typical types listed in [4]. One is large frequency shifter (e.g., tens of MHz), which is mainly used for better spectrum utilization and avoiding the necessity of reader’s full duplex capability. The other is small frequency shifter (e.g., tens of kHz), which is mainly used for better spectral efficiency inside a single spectrum, e.g., to avoid CW interference or to support FDM. The purpose of frequency shifter is for shifting backscattered signal from one frequency to another frequency. For Device 1, it is impossible to conduct frequency shifting due to the constraints of device capability. If frequency shifter is considered, the power consumption and device complexity will be increased, which brings uncertainty to meet the target RAN requirements. However, the frequency shifter can be applied to avoid interference and frequency collision for Device 2a. Thus, it would be better to support frequency shifter as an optional block for Device 2a with RF-ED receiver, which gives more flexibility of implementation for different manufacturers. Further study is needed to identify the necessity or feasibility of large or small frequency shifter.
Proposal 1: Support frequency shifter instead of large frequency shifter as an optional block for Device 2a with RF-ED receiver.
· Further study the necessity or feasibility of large frequency shifter (e.g., tens of MHz) or small frequency shifter (e.g., tens of kHz).

[bookmark: _Hlk166052284]The agreement on further study the feasibility of large frequency shift has been made in last RAN1 #116-bis meeting [3]. However, we think study on the feasibility of small frequency is also needed. Whether the small frequency shift can be implemented via line code without additional hardware blocks should be further studied. Furthermore, at least the following aspects can be considered, power consumption characteristics, frequency shift range and granularity and how to support FDM. Hence, we have the following proposal.
Proposal 2: Further study the feasibility of small frequency shift for device 2a considering at least following aspects.
· Whether can be implemented via line code without additional hardware blocks
· Power consumption characteristics
· Frequency shift range and granularity
· How to support FDM
Note: the necessity (including applicable potential scenarios) of small frequency shift can still be discussed in other agendas of the SI.

1.2     LNA
For device 2a and device 2b architecture, LNA block is still FFS. LNA can be used for improving signal strength and sensitivity of receiver. We wonder if it is necessary when BB amplifier has been applied. If LNA is supported, the power consumption and amplification gain need to be considered. We support LNA as an optional block if the necessity is identified, which gives more flexibility for different manufacturers in some specific scenarios. If indeed, we accept to support LNA block for device 2a and device 2b architecture. Thus, we have the following proposal.
Proposal 3: Support LNA as an optional block for both Device 2a and Device 2b if the necessity is identified.

1.3     [bookmark: _Hlk162878766]Device Tx modulator
2.1 
In last RAN1 #116-bis meeting, some companies mentioned different Tx backscattering modulation schemes and their impact on device architecture aspects such as power and complexity [4]. The basic blocks for Device 1 architecture have been agreed, however, no consensus on Tx modulation was made. There are three types of Tx modulator architectures proposed, i.e., OOK modulator, PSK modulator and FSK modulator. During the discussion in AI 9.4.2.1 in last RAN1 #116-bis meeting, the following agreement was made for potential down-selection [3].
	[bookmark: _Hlk166054450]Agreement
Study for all devices the following for D2R baseband modulation, for potential down-selection:
· OOK
· Binary PSK
· Binary FSK
· Strive to identify one variant of Binary FSK to study further.




It would study the three modulation schemes for potential down-selection. In our perspective, at least OOK modulator can be supported as baseline. PSK and FSK can be further studied. The detailed Tx modulator can be wait after the potential down-selection was made in AI 9.4.2.1. No need to waste more time on this issue in AI 9.4.1.2. Further checking the alignment with AI 9.4.2.1 would be needed. Thus, we have the following proposal.
Proposal 4: Study the following device Tx modulator architectures in terms of power, complexity, cost, etc for different device types.
· OOK as baseline.
· FFS: PSK, FSK.
· Note: further check the alignment with AI 9.4.2.1.

In [4], regarding Tx modulator, FL proposal 8.1 has been made with no agreement. 
	FL Proposal 8.1: Study the impact of modulation/waveforms choices (OOK, PSK, FSK, etc) on device architecture considering following aspects.
· Tx signal generation schemes (backscatter/active generation)
· [bookmark: _Hlk166056724]Hardware complexity/cost in RF/BB, e.g., # of branches, switches
· Power consumption
· Modulation factor (or reflection loss)
· Link (BER) performance (detailed study to be done in 9.4.2.1)




We generally support FL proposal 8.1. Study the impact of modulation schemes on device architecture is needed, which would give more help for better design on A-IoT device architectures. It would be good to further study potential Tx modulation schemes in AI 9.4.2.1 instead of AI 9.4.1.2. However, the choices of modulation schemes would be impacted by the following aspects, e.g., complexity, power consumption, modulation factor and so on. For the second bullet in FL proposal 8.1, the example of # of branches, switches are unclear for us. Hence, we suggest deleting it. For the last bullet on link performance, choosing the appropriate modulation schemes by comparing link performance can be done in AI 9.4.2.1. Based on the detailed link performance comparison, the modulation scheme and the corresponding Tx modulator can be chosen. 
Proposal 5: Study the impact of modulation/waveforms choices (OOK, PSK, FSK, etc) on device architecture considering following aspects.
· Tx signal generation schemes (backscatter/active generation)
· Hardware complexity/cost in RF/BB
· Power consumption
· Modulation factor (or reflection loss)
· Link (BER) performance (detailed study to be done in 9.4.2.1)

1.4     Local Oscillator
In last RAN1 #116-bis meeting, local oscillator (LO) for carrier frequency generation is still FFS for device 2b with RF-ED, ZIF and IF-ED receiver [3].
	Agreement
Study device 2b architecture w/ RF-ED receiver with following blocks.
· Local oscillator (LO) for carrier frequency generation
· FFS: PLL/FLL

Agreement
Study device 2b architecture with ZIF receiver with following blocks.
· Local oscillator (LO) for generating carrier frequency for Tx and Rx
· FFS: PLL/FLL
· FFS: one LO or separate LOs for Tx and Rx

Agreement
Study device 2b architecture with IF-ED receiver with following blocks.
· 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




Further study on PLL (Phase-Locked Loop) and FLL (Frequency-Locked Loop) is needed. The choices of PLL or FLL would be impacted by modulation schemes, e.g., OOK, PSK, FSK. Hence, there is no need to give constrains on detailed LO types in current stage. When the modulation scheme is made, the corresponding LO would be chosen. The relationship between modulation schemes and LO types needs further study and more clarification. Regarding the number of LOs, one LO or separate LOs for Tx and Rx is up to implementation. If only one LO is enough, there is no need to sperate LOs for Tx and Rx with more cost and complexity. If it is hard to reuse one LO for both Tx and Rx, then separate LOs can be accepted. The feasibility of one LO for both Tx and Rx needs further study, with taking the cost, device complexity and power consumption into consideration. Hence, we have the following proposal.
Proposal 6: Study local oscillator (LO) (i.e., PLL, FLL) with at least considering following aspects.
· The relationship between modulation schemes and LO types
· The feasibility of one LO for both Tx and Rx
· The impact on cost, device complexity and power consumption

1.5     Energy harvesting
We have the same understanding that the detailed energy harvesting procedure and the type of energy source are beyond the scope of 3GPP RAN. The energy source types are not related to A-IoT device architectures. It should be no restrictions on diverse energy sources. A-IoT devices can operate any sources in practice, like RF signal, solar, vibration, thermal, etc. We wonder if it is needed to consider at least RF signal energy for all A-IoT device types, just for RAN1 study. It is unknown that whether it is possible to conduct only RF signal energy for Device 2 with a few hundreds of uW power consumption. Duration of one device’s unavailability due to charging by energy harvesting can be assumed up to several tens of seconds. It can assume the A-IoT devices has been enough charged before communicating. Thus, we have the following proposal.
Proposal 7: For RAN1 study purpose, it can consider RF energy source for A-IoT Device 1 as baseline.
Proposal 8: Further study whether only RF energy source can be applicable for A-IoT Device 2.

Conclusions
In this contribution, we have the following proposals:
Proposal 1: Support frequency shifter instead of large frequency shifter as an optional block for Device 2a with RF-ED receiver.
· Further study the necessity or feasibility of large frequency shifter (e.g., tens of MHz) or small frequency shifter (e.g., tens of kHz).
Proposal 2: Further study the feasibility of small frequency shift for device 2a considering at least following aspects.
· Whether can be implemented via line code without additional hardware blocks
· Power consumption characteristics
· Frequency shift range and granularity
· How to support FDM
Note: the necessity (including applicable potential scenarios) of small frequency shift can still be discussed in other agendas of the SI.
Proposal 3: Support LNA as an optional block for both Device 2a and Device 2b if the necessity is identified.
Proposal 4: Study the following device Tx modulator architectures in terms of power, complexity, cost, etc for different device types.
· OOK as baseline.
· FFS: PSK, FSK.
· Note: further check the alignment with AI 9.4.2.1.
Proposal 5: Study the impact of modulation/waveforms choices (OOK, PSK, FSK, etc) on device architecture considering following aspects.
· Tx signal generation schemes (backscatter/active generation)
· Hardware complexity/cost in RF/BB
· Power consumption
· Modulation factor (or reflection loss)
· Link (BER) performance (detailed study to be done in 9.4.2.1)
Proposal 6: Study local oscillator (LO) (i.e., PLL, FLL) with at least considering following aspects.
· The relationship between modulation schemes and LO types
· The feasibility of one LO for both Tx and Rx
· The impact on cost, device complexity and power consumption
Proposal 7: For RAN1 study purpose, it can consider RF energy source for A-IoT Device 1 as baseline.
Proposal 8: Further study whether only RF energy source can be applicable for A-IoT Device 2.
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