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Introduction
In RAN1#116-bis meeting [1], the following agreements were made on the A-IoT devices architecture. Some issues are remaining to be further studied:
	 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.
· [bookmark: _GoBack]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.
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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
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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
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In this contribution, we further discuss the Ambient IoT devices architecture, especially the aspects that need to be considered in the architecture design of A-IoT devices.
Ambient IoT device characteristic for NR system design 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Different from the traditional NR interactive UE device, A-IoT device is a response device in Rel-19 Ambient IoT study. For responsive A-IoT communication, the response signal transmitted from A-IoT device depends on the energy and waveform of the excitation signal provided from the gNB or the intermediate node UE for Device 1 and Device 2a, or self-generated internally for Device 2b. The general communication procedure for response device of A-IoT follows below steps. One example of A-IoT communication is shown in Figure 1.
· Step 1: The gNB or the intermediate node UE transmits the ‘interrogation’ signals with the control information to the Ambient IoT devices.
· Step 2: A-IoT devices would respond to the control information on the interrogation signal based on the pre-configured/pre-programed functions with the carrier wave for Device 1 and Device 2a/b devices.
[bookmark: OLE_LINK26][bookmark: OLE_LINK27][image: ]
[bookmark: _Ref157793299]Figure 1: The illustration of response communication for A-IoT
According to the objectives of the A-IoT study, RAN1 needs to discuss and 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. Based on the agreements of the A-IoT device type [2], the A-IoT devices can be classified into three types according to their power consumption and backscattered signals:
	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.




[bookmark: OLE_LINK29][bookmark: OLE_LINK28]For Device 1 and Device 2a/2b, the operation band and the associated BW, the physical channels/signals, the channel coding, and the pre-configured/programed control function should have the common design. For Device 1 and Device 2a, the UL transmission is backscattered on a carrier wave provided externally, e.g., by the gNB or the intermediate node UE. For Device 2b, the UL transmission is generated internally, thus the Device 2b should be equipped with its own internal signal generation and transmission components instead of the carrier wave provided externally by the gNB or the intermediate node UE.
Ambient IoT device architecture 
A-IoT device architecture needs to meet A-IoT RAN design target and SI objective for power consumption and complexity. In general, the higher data transmission rates mean the higher power consumption and complexity for A-IoT device hardware implementation. Furthermore, the power consumption of device architecture is also related to the manufacturing process and the type of components selected. Some examples of implementations for passive IoT devices or ultra-low power IoT devices [3]~[15]are summarized in Table 1.
[bookmark: _Ref157793864]Table 1: The summary of data rates and power consumption of passive IoT or ultra-low IoT devices
	Reference
	Frequency
	Modulation
	Transmission rate
	Power consumption

	[3]
	915MHz
	FSK
	10Mbps
	753μW

	[4]
	920MHz
	FSK
	5Mbps
	700μW

	[5]
	925MHz
	FSK
	3Mbps
	367μW

	
	
	OOK
	20Mbps
	314μW

	[6]
	2.4GHz
	MC-OOK
	62.5kbps
	495μW

	[7]
	2.4GHz
	QPSK
	2Mbps
	25μW

	[8]
	2.4GHz
	QPSK
	2Mbps
	28μW

	[9]
	2.4GHz
	FSK
	500kbps
	39μW

	[10]
	2.4GHz
	GFSK
	125kbps
	10.6μW

	[11]
	2.4GHz
	DBPSK
	1Mbps
	2.5μW

	[12]
	800MHz
	--
	--
	1.0 μ W

	[13]
	860~960MHz
	ASK
	--
	1.0 μ W

	[14]
	860~960MHz
	--
	--
	3.436 μ W

	[15]
	915MHz
	ASK
	20kbps
	4.28 μ W



General architecture of Ambient IoT devices
Based on the agreements on the A-IoT device architectures [1][2], each device includes at least the following main components in Table 2.
[bookmark: _Ref157793913]Table 2: The main components of an Ambient IoT device
	Component
	Function 

	Antenna
	Receive radio signal and backscatter radio signal 

	RF energy harvesting
	Capture the RF energy from receiver signals

	RF energy storage
	Storage the RF energy from RF energy harvesting

	Receiver component
	RF signal reception and processing

	Backscatter/Tx component
	Backscatter the RF signal or generate/Tx RF signal

	Controller
	Controlling the Rx and Tx functions



An illustration of the general Ambient IoT architecture is shown in Figure 2. 

[image: ]
[bookmark: _Ref157793367]Figure 2: The general architecture of A-IoT device
RF energy harvesting and storage module
The RF energy harvesting and storage components of Ambient IoT device are used to capture the RF energy to store or to provide a power supplement for the information stream processing of Ambient IoT device. One example of RF energy harvesting and storage [5] for A-IoT device is illustrated in Figure 3.
For RF energy harvesting and storage components, the antenna component is used to capture RF energy from carrier wave or generate electromagnetic wave. After the RF signal is received by the antenna, the load impedance of matching network is adjusted to fully match with the antenna impedance to maximum the RF signal reception strength. The received RF energy generates a DC output through a rectifier. In order to provide a stable voltage supply, a power management module is required. The stable voltage supply could provide all the power for subsequent information flow processing of A-IoT device. Furthermore, the harvesting RF energy can be stored through super capacitor [15] with sufficient power storage and to ensure the power supply quality of the load and maintain the stability of the power supply to subsequent processing circuits [15].
[image: ]
[bookmark: _Ref157793454]Figure 3: An example of the RF energy harvesting and storage architecture of A-IoT device
Proposal 1: The RF energy harvesting and storage module should provide stable power supply for Device 1 and Device 2a/2b of Ambient IoT.
The activation threshold and energy conversion efficiency of the energy harvesting circuit are key design aspects in determining the performance of the A-IoT device, e.g., for A-IoT coverage performance. 
· Activation threshold: The activation threshold of a A-IoT device may be defined as the minimal amount of incident RF power required to activate its RF component and energy harvesting unit. The threshold value depends on the minimum power required to activate the semiconductor devices used in the energy harvesting circuit.
· RF-DC conversion efficiency: The performance index determined by the performance of the receiving antenna, the impedance matching network between the antenna and the rectifier circuit, etc. [17]. Table 3 summarizes examples of achievements in the design of RF energy harvesting circuits.
[bookmark: _Ref157793964]Table 3: The design of RF energy harvesting circuits [17]
[image: ]
From the Table 3, the activation threshold of A-IoT RF EH module is not lower than -34.5dBm. The energy storage can be used to store sufficient energy for persistent RF signal processing during the time. Super capacitor [16] is usually used to store the relatively large amount of energy, especially for Device 2a/2b with a few hundred µW power consumption. 
Table 4 provides a preliminary analysis of the A-IoT received power by the use of Free-space RF prorogation model under the assumption of the maximum transmission power for Topology 1 and Topology 2 are 33 dBm and 23 dBm, respectively, for the coverage distances of 10m and 50m.
[bookmark: _Ref162861020]Table 4: The received power at A-IoT devices
	
	Transmission power(dBm)
	Coverage (m)
	Frequency(MHz)
	A-IoT received power(dBm)

	Topology 1
	33
	10
	900
	-18.5

	
	33
	50
	900
	-32.5

	Topology2
	23
	10
	900
	-28.5

	
	23
	50
	900
	-42.5



Based on the analysis in Table 4, the A-IoT received power ranges from -18.5dBm to -42.5dBm with 10 and 50 meter coverage. For RF energy harvesting unit, the activation threshold may be satisfied for 10m, but not for 50m, coverage. Thus, additional schemes need to be considered to improve the received performance for A-IoT RF energy harvesting. 
Observation 1: The A-IoT receiving power ranges only at -32.5dBm for Topology 1 and at -42.5dBm for Topology 2 based on the Free-space propagation model for coverage 50m. Thus, it is challenge for supporting 50m or larger coverage distances due to the low receiving power caused by path loss.
Receiver module
For A-IoT Device 1, ~1µW peak power consumption is defined in [1]. Since the down converter and multiple bit ADC component consumes a large amount of power, and thus may not be feasible to use in ultra-low-power systems, especially for Device 1. Therefore, RF receiver architecture with RF envelop detection of A-IoT device could be reused referring to LP-WUR RF receiver architecture. The illustration of Device 1 receiver module is shown in Figure 4. As shown in Figure 4, the antenna receives RF signal and gets the ‘0/1’ bit through RF envelop detector and comparer in RF domain. The controller module is needed to provide a basic logic control for Rx and Tx function based on the control information in the interrogation signals. For A-IoT Device 2a/2b, the similar receiver components with RF envelop detection could also be reused. Considering higher power consumption requirements, additional components could be used for Type-2 device of A-IoT to improve the detection performance of receiving signal. 
[image: ]
[bookmark: _Ref157793500]Figure 4: The illustration of RF receiver module for A-IoT
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]For reducing power consumption A-IoT receiver architecture could use ring oscillator or FLL to replace PLL module. Although through specific low-power design manufacture processes, the power consumption of LO can be further reduced to less than 1µW [19], the local oscillator would still require persistent power to maintain the operation. It will drain out the power storage over short period of time for Device 1. Therefore, at least for the Device 1 RF envelop detector architecture should be used without LNA module, multiple bit ADC module, or LO module. As summary, the power consumption of receiver module is summarized in Table 5.
[bookmark: _Ref157794003]Table 5: The power consumption of receiver module
	Components 
	Power consumption
	Note 

	Matching network
	N.A. 
	Passive components

	RF energy detector
	N.A.
	Passive components

	Comparator
	A few to several hundred nW
	[19]

	Controller 
	A few to several hundred nW
	Tx/Rx controlling, decoder [18]



Filter and LNA
In RAN1#116 [2] and RAN1#116-bis meeting [1], it is agreed that the architecture of Device 1, Device 2a and Device 2b. There are some issues to be FFS, including the RF BPF and LNA for Device 1, Device 2a and Device 2b.
	Agreement
Study at least the following blocks for device 1 architecture.
· ……..
· 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.
· ……..

Agreement
Study at least following blocks for device 2a architecture w/ RF-ED receiver.
· ……
· 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.
· ……

Agreement
Study device 2b architecture w/ RF-ED receiver with following blocks.
· ……
· 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.
· ……

Agreement
Study device 2b architecture with ZIF receiver with following blocks.
· ……
· 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.
· ……

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




Generally, RF BPFs can be divided into LC filter (Passive Filter), Surface Acoustic Wave filter (SAW filter), and Dielectric Filter. SAW BPF filters are commonly used for NR UEs. For A-IoT device, its RF BPF has extremely high requirements on bandwidth, frequency, power consumption, cost, and size. For example, the maximum peak power consumption of Device 1 does not exceed 1µW. It is illustrated a SAW filter in Figure 5 [25]. 
[image: ]
[bookmark: _Ref162949090]Figure 5: The illustration of frequency character of SAW filter
The SAW filter has a narrow bandwidth of 5MHz and an adjacent channel suppression ratio of 20dB, but its cost is relatively high. Multi-order LC RF filters could also be considered. The cost and size will also increase with increasing order of multi-order LC RF filter. Therefore, the feasibility and benefit of BPF as well as LPF need to be studied. RAN1 could send LS to RAN4 that RAN1 kindly ask RAN4 to provide appropriate filter design or parameter suggestions for Device 1 and Device 2a/2b.
Proposal 2: The feasibility and benefits of including BPF and/or LPF in A-IoT architecture need to be further studied with the consideration of A-IoT requirements on bandwidth, frequency, power consumption, cost, and size.
Proposal 3: Send LS to RAN4 asking RAN4 to provide appropriate filter design along with parameter recommendations for Device 1 and Device 2a/2b.
The main purpose of traditional low-noise amplifiers is to improve the signal quality, extend communication distance, and improve receiver sensitivity. LNA is the first stage of the receiving circuit, which directly faces weak signals containing various noises received by the antenna. Its characteristics have a direct impact on the noise performance of the entire system. LNA needs to have a good noise figure and provide sufficient gain to ensure that the entire receiving system has a minimum NF. When the received signal is large, there should be sufficient linearity to reduce signal distortion. In general, the gain of traditional LNA can reach 15dB~20dB, the noise coefficient is not higher than 2dB. However, the power consumption can be a few mW, e.g., the power consumption of LNA in IEEE 802.11a is a few mW. The power consumption can be reduced to several hundred µw with ultra-low-power LNA. The A-IoT LNA distinguishes from traditional NR LNA due to the various limitations, especially in terms of power consumption requirements, size, cost, etc. For Device 1 devices, the peak power consumption is only 1µW. For Device 2a/2b, the power consumption is only a few hundred µW. Reducing power consumption will normally lead to a decrease in the performance of LNA. 
Proposal 4: The feasibility and the benefits to include LNA in Device 2a/2b need to be carefully evaluated with the device power consumption and the energy storage capability.
Frequency shifter
In RAN1#116-bis [1], it is discussed about frequency shifter for A-IoT device and further study is needed.
	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.



Furthermore, in FL summary [26], FL requests companies to check following issue and provide input about frequency shifter in RAN1#117.
	FL summary:
· Additional inputs on frequency shift (Section 4.2)
· Small frequency shift and FDM 
· Large frequency shift and SSB



A frequency shifter is an electronic component used to change the frequency of a signal in a circuit, typically including oscillators, mixers, and filters. The basic principle of frequency shifter is to mix the frequency signal to be tuned with a reference signal, and remove unexpected frequency components through filters to obtain the desired output signal. The core components of a frequency shifter are oscillators and mixers, which require high power consumption. Therefore, the frequency shifter based on oscillators and mixers could support large frequency shifting, but it is not suitable for A-IoT Device 1 of low-power consumption.
In addition, for frequency shifter with smaller frequency offsets, different frequency adjustments can be achieved by adjusting the switching frequency of the load circuit. Alternatively, the selection of different reflection frequencies can be achieved through passive oscillation circuits, e.g., resistance, inductance, capacitance. Alternatively, reflection of signals at different frequencies can be achieved through line codes, e.g., Miller code. A frequency shifter based on the above alternatives does not require a local oscillator or mixer. Therefore it does not require high power consumption and can achieve smaller frequency offset or FDM, suitable for all A-IoT device types.
Proposal 5: Device 1 of A-IoT should support small frequency shifter and FDM.
Backscatter/Transmitter module
For backscattering communication system, the backscattering components are significantly important. The main backscattering components include the antenna, the matching network/impendence matching, the amplifier for reflected signals of Device 2a, and the controller components. The antenna is an essential component used to receive and backscatter signals. Thus, the design of the antenna can significantly affect the performance of the backscatter communications system. Matching network is used to adjust the load impedance and antenna impedance, thereby adjusting the strength of the absorbed signal and the reflected signal. Reflected amplifier is used to amplify the reflected signal of Device 2a of A-IoT. A reflected amplifier is achieved by adjusting the load impedance as a reflection coefficient magnitude larger than 1 [20]~[24]. The typical power consumption of RA is several hundred µW in [20]~[24]. One example of backscattering module is shown in following Figure 6.
[image: ]
[bookmark: _Ref157793538]Figure 6: The illustration of A-IoT device backscattering architecture
Device 2a of A-IoT could actively transmit the signals based on the objective of A-IoT study in Rel-19 [1]. An independent RF chain of active component for the transmission signal is needed, e.g., LO module, mixer, PA. Controller is used to control Tx and Rx function. Memory module or shift register is used to assist generation of backscattering signal or transmitter signal. One example of self-generate transmitter module for the active device is shown in following Figure 7.
[image: ]
[bookmark: _Ref157793648][bookmark: _Ref157793640]Figure 7: The illustration of A-IoT device transmitter architecture
Comparison with receiver module of A-IoT, the backscatter/transmitter module for A-IoT consuming most of power. As summary, the power consumption of backscatter/transmitter module is summarized in Table 6.
[bookmark: _Ref157794054]Table 6: The power consumption of A-IoT device backscattering/transmitter components
	Components 
	Power consumption
	Note 

	Reflected amplifier
	A few to several hundred µW
	--

	Impendence switching
	N.A. 
	Passive components

	Modulator& Coder
	<1µW
	--

	Controller & Memory
	Several hundred µW
	Tx/Rx function controlling, decoder, clock function, memory

	Local oscillator
	<100µW
	Ring oscillator, or low oscillator frequency(32.768KHz) of RTC

	Power amplifier
	<1000µW	
	--



Furthermore, in RAN1#116-bis of FL summary [26], FL requests companies to check following issue and provide input about modulation/waveform(OOK,PSK,FSK) on device architecture in RAN1#117.
	· FL Proposal 8.1 modulation/waveforms choices (OOK, PSK, FSK, etc) on device architecture
· FL requests inputs on impact of waveform choices on device complexity/power. 
· The intention is to better understand potential impact, if any, and help the discussion of modulation/waveform.



In general, the passive A-IoT device transmits UL data to gNB/UE intermediate node by adjusting the reflection coefficient of antenna with variation of its load impedance to reflect/modulate carrier wave. The related A-IoT device architecture for modulation [3]~[14] is shown in Figure 8.
[image: ]
[bookmark: _Ref157960680]Figure 8: Backscatter modulation
For simplicity, two-state modulation (L=2) is typically used by switching between two loads impedance Z1 and Z2.
The reflection coefficient can be switched between impedance matching and impedance mismatching states, respectively. ASK, PSK and FSK modulation can be achieved with appropriate adjustment of the reflection coefficient of the antenna. The details are shown in our combination contribution [27]. 
It can be seen that different modulation methods can be achieved based on the same A-IoT device architecture, without increasing the complexity of the device or adding new functions. Therefore, from the architecture design of A-IoT devices, different modulation methods can adopt the same architecture design without increasing the complexity of the device.
Observation 2: In the context of A-IoT architecture design, different modulation methods can be adopted without increasing the complexity of the device.
Architecture illustration of Device 1 and Device 2a/2b
Based on the previous analysis of A-IoT main proponents, the examples of A-IoT architectures of Device 1 and Device 2a/b are shown in Figure 9, Figure 10 and Figure 11.

 
[bookmark: _Ref157793740]Figure 9: The illustration of A-IoT device architecture based on backscattering for Device 1 

 
[bookmark: _Ref159252829]Figure 10: The illustration of A-IoT device architecture based on backscattering for Device 2a

 
[bookmark: _Ref159252837]Figure 11: The illustration of A-IoT device architecture based on transmitter for Device 2b 
For Device 2b, it could support to transmit A-IoT signal generated internally by the device. Therefore, the related components of LO, mixer and PA are needed. For improving the coverage distance and A-IoT receiver sensitivity, LNA could be considered for Device 2b. 
The power consumption summary of Device 1 and Device 2a/2b is shown in Table 7.
[bookmark: _Ref157794130]Table 7: The summary of power consumption of Device 1 and Device 2a/2b
	Components 
	Device 1
	Device 2a/2b

	RF energy harvesting & storage
	nW
	nW

	Matching network
	Passive
	Passive

	Comparator
	Several hundred nW
	Several hundred nW

	Decoder
	Several hundred nW
	Several hundred nW

	Reflected amplifier
	--
	Several hundred µW

	Impendence switching
	Passive
	Passive

	Controller 
	Several hundred nW
	Several hundred µW

	Memory
	--
	

	Local oscillator
	--
	<100µW

	Power amplifier
	--
	<1000µW

	Total power consumption
	~1µW
	<1000µW



Observation 3: Considering the RAN design target of A-IoT, it is necessary to design appropriate architectures and component compositions for Device 1 and Device 2a/2b due to the limitation of power consumption.
Conclusion
In this contribution, the Ambient IoT devices architecture is discussed. We have the following proposals and observations:
Proposal 1: The RF energy harvesting and storage module should provide stable power supply for Device 1 and Device 2a/2b of Ambient IoT.
Observation 1: The A-IoT receiving power ranges only at -32.5dBm for Topology 1 and at -42.5dBm for Topology 2 based on the Free-space propagation model for coverage 50m. Thus, it is challenge for supporting 50m or larger coverage distances due to the low receiving power caused by path loss.
Proposal 2: The feasibility and benefits of including BPF and/or LPF in A-IoT architecture need to be further studied with the consideration of A-IoT requirements on bandwidth, frequency, power consumption, cost, and size.
Proposal 3: Send LS to RAN4 asking RAN4 to provide appropriate filter design along with parameter recommendations for Device 1 and Device 2a/2b.
Proposal 4: The feasibility and the benefits to include LNA in Device 2a/2b need to be carefully evaluated with the device power consumption and the energy storage capability.
Proposal 5: Device 1 of A-IoT should support small frequency shifter and FDM.
Observation 2: In the context of A-IoT architecture design, different modulation methods can be adopted without increasing the complexity of the device.
Observation 3: Considering the RAN design target of A-IoT, it is necessary to design appropriate architectures and component compositions for Device 1 and Device 2a/2b due to the limitation of power consumption.
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