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Introduction
This document summarizes the agenda 9.4.1.2 Ambient IoT Device Architecture of Rel-19 SI Ambient IoT [1]. The objective is to identify device architectures for Ambient IoT and study the feasibility of them.

	The following objectives are set, within the General Scope:
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.



This document has following sections.
· Section 2 Online Discussions
· This section includes proposals to be discussed in online session.
· Section 3 Offline Discussions
· This section includes proposals to be discussed in offline session.
· Section 4 Issues
· Sub sections of Section 4 include individual discussion topic for offline/online proposals. This section includes following subsections.
· Summary of the issue
· Discussion for FL Proposals and input collection
· Related Proposals
Online Discussion
Tue
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.
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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

Wed


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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FL Proposal 11.3 Further study the impact of energy storage, and sustainable operation time for device to successfully support an inventory process.
· Energy storage size and available energy for device 1, 2a, and 2b
· Feasibility (cost, form factor) of required energy storage
· Sustainable device operation time of device
· Device behavior when device ran out of energy during inventory process.


FL Proposal 17.3 Further study the impact of RF energy harvesting on device availability for transmission and reception procedure in following aspects.
· Device wake-up mechanisms including power detection mechanism, sequence detection mechanism, etc
· Feasibility of wake-up mechanisms for device 1, 2a, 2b
· Required additional component blocks
· Complexity
· Power consumption
· Device power state


FL Proposal 12.1 Further study the impact of RF energy harvesting on the availability of transmission and reception considering following power conversion efficiency for RF energy harvesting at 900~920MHz. FFS: PCE numbers
	Incident power level X (dBm)
	Power conversion efficiency at EH (%)

	X < -30dBm
	[<5]%

	-30dBm < X < -20dBm
	[5-10]%

	-20dBm < X < -10dBm
	[10-25]%

	-10dBm < X < 0dBm
	[25-45]%

	0dBm < X < 10dBm
	[45-65]%

	10dBm < X
	[10]%




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)
· Hardware complexity/cost in RF/BB, e.g., # of branches, switches, LO, etc
· Power consumption characteristics
· Modulation factor (or reflection loss)
· Link (BER) performance (Note: detailed study to be done in 9.4.2.1)


FL Proposal 14.1 Further study energy harvesting sensitivity (or activation threshold).
· EH sensitivity: [-35, -30, -24] dBm

FL Proposal 6.1: Companies to report feasible receiver sensitivity and device power consumption of device 1, device 2a, and device 2b with assumptions.

	Device
	Receiver architecture
	Additional assumptions made
	Receiver Sensitivity value (dBm)
	Device Power consumption (uW)

	Device 1
	RF-ED
	
	
	

	Device 2a
	RF-ED
	
	
	

	Device 2b
	RF-ED
	
	
	

	Device 2b
	IF
	
	
	

	Device 2b
	ZIF
	
	
	

	…
	…
	
	
	




FL Proposal 15.1 Device 1, 2a, and 2b have following clock error.
	
	Device 1
	Device 2a
	Device 2b

	Initial sampling clock error
	10^4 ~ 10^5 ppm
	10^4 ~ 10^5 ppm
	10^3 ~ 10^4 ppm

	Post-sync error for carrier frequency
	FFS
	[20, 50, 200]ppm
	[20, 50, 200]ppm



RAN1#117 Plan

Thanks for your contributions to agenda 9.4.1.2 during RAN1#116b. For RAN1#117, FL requests companies to check following issues and provide input.
· Additional inputs on reflection amplifier (Section 4.1)
· Additional inputs on frequency shift (Section 4.2)
· Small frequency shift and FDM 
· Large frequency shift and SSB
· Feasibility of energy storage and sustainable device operation (FL Proposal 11.3)
· Amount of energy (uJ) required for different devices 1/2a/2b
· Feasibility in terms of capacitor size (uF) /cost ($)
· Supportable sustainable device operation time for inventory
· Device behavior/assumptions for cold start / warm start / sleep / etc
· Sequence detector and power detector (FL Proposal 17.3)
· Current device architecture diagrams do not include any block for power detection / sequence detection which could be used for device wake up. 
· Power detection or sequence detection enables low power R2D (preamble/sync) monitoring operation for devices.
· This may require a new component block which can be turned on/off separately from BB logics.
· Feasibility of component blocks need to be studied in terms of power consumption / device power state / complexity.
· 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.
· FL Proposal 12.1, FL Proposal 14.1 Energy harvesting aspects
· EH sensitivity and power conversion efficiency need to be studied to check the feasibility of provided inputs from companies and identify reasonable choices/ranges.
· FL Proposal 6.1 Receiver sensitivity and device power consumption
· Until RAN#116b, we had total 5 different device architectures w/ different receiver types.
· Companies to provide assumed sensitivity and power numbers for each device.
· FL Proposal 15.1 Clock assumptions
· Clock is one of most important components in device architecture. Given that it’s accuracy, speed, power consumption, etc have high impact on device complexity, power and feasibility of certain features – sampling, timing, frequency shift, sleep, etc, FL requests companies to provide more input on clock assumptions for different device.
	
	Applicable device
	Purpose
	frequency 
(MHz)
	Initial max 
error (ppm)
	Post sync 
error (ppm)
	Clock drift 
rate (ppm/sec)
	Power consumption (uW)
	Note or
reference

	Clock 1
	
	
	
	
	
	
	
	

	Clock 2
	
	
	
	
	
	
	
	

	Clock 3
	
	
	
	
	
	
	
	



· Component block level assumptions for devices
· In each device, RAN1 agreed component blocks with some high-level description.
· FL request companies to provide detailed assumptions on these individual component blocks including important characteristics/parameters, e.g., power, bit width, frequency, bandwidth, etc.
	Device
	Device 2b
	Device 2a
	Device 1

	Receiver type
	RF-ED or ZIF, IF
	RF-ED (or ..)
	RF-ED

	Antenna
	e.g., antenna gain, type, other characteristics
	…
	…

	Matching network
	selectivity Q value, bandwidth, other characteristics
	…
	…

	Energy harvester
	Source of energy, other characteristics
	
	

	Energy Storage
	Capacitor size, cost, amount of energy, etc
	
	

	PMU
	Functionalities, etc
	
	

	BB logics
	Functionalities, power, etc
	
	

	Memory
	Type, size, power consumption, etc
	
	

	Local Oscillator 
	e.g, PLL/FLL, 1 or 2 LOs for tx/rx, frequency, power, accuracy, etc
	
	

	RF BPF
	Type, order, frequency, etc
	
	

	LNA
	Power consumption, noise figure, etc
	
	

	Mixer 
	Power consumption, type, etc
	
	

	BB LPF
	Filter order, bandwidth, etc
	
	

	Comparator/ADC
	Bit width, power, etc
	
	

	…
	
	
	

	…
	
	
	



· Selectivity, multi band support
· Feasibility of RF BPF, IF LPB, BB LPF in terms of complexity, cost, form factor, etc
· Whether/how to achieve high selectivity for better communication and energy harvesting performance.
· Whether/how to support multi-bands/operators; wide band support may be beneficial for this purpose. But, it could conflict with achieving high selectivity.
· Remaining issues
· There are many FFS points in current agreement. Please provide additional inputs for these FFS.
· More input on memory, comparator, ADC, etc are necessary.

Issues
[CLOSED] Device 2a: Reflection Amplifier
Summary
Companies have provided their view on reflection amplifier. Here are a few points.
· Two types of reflection amplifier: Samsung, QC, vivo
· Uni-directional/one-way (for R2D)
· LNA could be also used instead: Spreadtrum
· Do not assume using it for R2D: HW
· Bi-directional/two-way (for both R2D and D2R)
· Amplification Gain
· 10dB: QC
· >10dB: HW
· 10-15dB: vivo
· 10-25dB: TCL
· Power consumption
· few 100 µW: HW
· can satisfy device 1a power budget w/ transistor and tunnel diode: vivo
· Reflection amplifier requires DC power source, when to on/off: QC
· Stability
· Reflection amplifier could get unstable: E///, Nokia
· Further study stability: Sony
· CMOS/transistor has the advantage of high stability
· Frequency
· 900MHz
· Remove FFS in reflection amplifier: HW
· Prioritize reflection amplifier: ID
1st round discussion
FL Proposal 1.1 Further study reflection amplifier considering following aspects.
· Types of reflection amplifier
· Uni-directional/one-way (for R2D)
· Bi-directional/two-way (for both R2D and D2R)
· Amplification Gain
· [10, 15, 25]dB
· Power consumption
· [X-Y uW]
· [Requires DC power source, when to on/off]
· Stability
· [When to get unstable/how to make it stable]
· Frequency
· [900MHz]





Please provide brief comments for above FL Proposal 1.1.
	Company
	Comment

	TCL
	Ok with this proposal. We think reflection amplifier should only consider for D2R transmission because of this amplifier is a bypass component to change the reflection coefficient (e.g., >1). If bi-directional reflection amplifier is considered, then the complexity of device 2a may be increased. 
In addition, we think component types and the received power at device side will impact on the stability. Thus, stability should consider the received power at device side.

	Huawei, Hisilicon
	It is proposed to Remove the FFS on reflection amplifier, and also remove the sub-bullet corresponding to reflection amplifier. 
· 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.
Reflection amplifier is used to increase the power of the backscattered signal, whose typical implementation and technical principle can be different from conventional power amplifiers. For example, the reflection amplifier is usually implemented with a single bi-direction port for both the input of received carrier-wave and the output of amplified backscattered carrier-wave, while there are two independent ports for input and output in e.g. LNA. It is not precluded that some reflection amplifier can also be used to amplify the received signal for R2D transmission. However, such possibility should not be regarded as the baseline design or the constraint on device implementation.
According to the related research works, it is feasible for the reflection amplifier to reach 10~15 dB power gain for the input with e.g. <-20 dBm power. At such level of power gain, the amplifier can work stably. The power consumption of the reflection amplifier can reach a few 100 uW power consumption. Based on the above, it is proposed to assume the amplification gain of reflection amplifier to be 10~15 dB.



Related Proposals
E///
Proposal 9	Agree to the following observation: reflection amplifiers can easily become unstable when high gain is required.

HW
Observation 1: The power consumption of reflection amplifier can reach a few 100 µW (e.g., 300~400 µW), depending on detailed technical principle and implementation.
Proposal 1: The study does not assume reflection amplifier to be used for the amplification of R2D signal, which can be regarded as optional implementation optimization. 
Proposal 2: Remove the FFS on reflection amplifier, and also remove the sub-bullet corresponding to reflection amplifier, i.e.
Proposal 15: For Device 2a, the power gain of reflection amplifier is assumed to be ≥10 dB.

Nokia
[bookmark: Proposal47048]Proposal 6: For type 2a Ambient IoT devices with reflection amplifier block, it is proposed to include mechanisms that allow for reflection gain activation, deactivation, gain selection, and passive backscatter fallback, to prevent D2R signal distortion or interference from instable reflection amplifier operation.

Spreadtrum
Hence, the implementation of the reflection amplifier can be further determined according to the power consumption requirements and sensitivity requirements.
Proposal 3: LNA and reflection amplifier can be used respectively in the receiver and transmitter branch of Device 2a.

Samsung
Proposal 5: For RAN1 study purpose, both possibilities of reflection amplifier, i.e., one-way amplification for transmission and two-way amplification for both transmission and reception, can be assumed.

vivo
Observation 1: When reflection amplifier is based on transistor or tunnel diode, the power consumption can be satisfied with design target of device 2a. And reflection amplifier can be used for both UL and DL.
Proposal 3: Power gain on reflection amplifier can be [10-15 dB].

Xiaomi
Proposal 9: Further study the feasibility of reflection amplifier in terms of feasible amplification gain, its applicability to reception and/or backscattering, power consumption, power, etc.
· Companies are encouraged to provide related assumptions, references, etc, if any.
· At least the following cases that need to be discussed:
· backscattering amplification of device 2a
· downlink transmission amplification
· uplink transmission of device 2b

ID
Proposal 2: For device type 2a, prioritize RF BPF and reflection amplifier.

Sony
Proposal 3: The usage of reflection amplifiers needs to be investigated by RAN1 in terms of power consumption, gain, stability and frequency locking range.

TCL
Observation 6: 
· Tunnel diode has the advantage of low-power, and the gain is the range of 10-25dB when CW frequency is 900MHz. 
· CMOS/transistor has the advantage of high stability and right cost, and the power consumption is within a few hundred μW.
Proposal 9: The gain of reflection amplifier can be set within 10~25dB for 900MHz center frequency.

QC
Observation 3: Reflection amplifier requires DC power supply.
Observation 4: There are two types of reflection amplifier; uni-directional (amplify backscatter link only) and bi-directional (amplify both links). 
Observation 5: Using reflection amplifier in D2R changes modulation factor M>1 in D2R.
Proposal: 8: In link budget analysis, capture reflection amplification gain of 10dB for device 2a with modulation loss of 0dB.
Proposal 9: Further study the feasibility of reflection amplifier for device 2a in terms of power consumption, amplification gain, frequency, sensitivity, etc.

[CLOSED] Device 2a: Frequency Shift / SSB

Summary
Companies provided views on two types of frequency shifts: small frequency shift and larger frequency shift. 
· Small frequency shift is for mainly spectral efficiency increase inside a single spectrum (e.g., FDD-DL or FDD-UL), e.g., to avoid CW interference, or to support FDM. 
· Large frequency shift is mainly for avoid the necessity of reader full duplex capability (together with better spectrum utilization).
Diverse inputs on frequency shift including followings aspects:
· Consider/support or Do not consider/support
· Feasibility depending on device type due to power consumption
· Interference due to harmonics/leakage in image suppression
· Further study is required

Small frequency shift
· Consider for device 1: Spreadtrum, Oppo
· Consider for device 2a: Spreadtrum, Oppo, Xiaomi, Honor
· Further study: DCM, ZTE, Nokia, CT, QC, Oppo
· Power consumption
· Clock accuracy
· Interference due to harmonics/image suppression

Large frequency shift
· Do not consider large frequency shift for device 1: E///, Oppo, vivo, ZTE
· Consider for device 2a: MTK, Xiaomi, Honor
· Issues identified
· Harmonics falling out other frequency band cannot be easily suppressed: vivo
· Impact out of band emission performance of D2R due to leaked image and harmonics: HW
· Further study feasibility: DCM, CEWiT, CT, QC
· Power consumption
· Clock accuracy
· Interference due to harmonics/image suppression: vivo, TCL
· Further study in RAN1 and RAN4: 
· Make it optional implementation: Samsung, CT, IIT

FL see further detailed (quantitative) study is necessary for frequency shift technique.

1st round discussion

FL Proposal 2.1: Further study the feasibility of large frequency shift (large-FS) considering following aspects.
· Device types
· Power consumption
· Frequency shift range
· Image suppression or SSB backscatter for large FS
· IF carrier / accuracy
Note: The need of large FS could be discussed separately. 


Please provide brief comments for above FL Proposal 2.1.
	Company
	Comment

	TCL
	Small frequency shifting should be for device 1 and the value should set to less than 1MHz to avoid high power consumption, which can be achieved load switching. Then larger frequency shifting should be for device 2a and the value should be to [1MHz,20MHz], which can be achieved extra frequency shifter like ring oscillator with ultra-power consumption.
In addition, if image suppression or is considered to meet the performance of RAN 1and RAN4, the hardware complexity and the perforamce should be evaluated.

	Huawei, Hisilicon
	For small-FS, it is necessary to study, but there is not an objective in the SID to identify those detailed aspects for each component – rather, to identify basic blocks, only.
Regarding the small frequency shifting of e.g. 10 kHz/100 kHz level, it is feasible to implement it by line code encoding in the digital baseband unit, without additional hardware of e.g. mixer, filter for image signal suppression. For FDMA in R2D, different frequency shifting can be achieved by adjusting the parameters of the line code and the chip length. The sampling clock frequency error may lead to the variation of the backscattered signal bandwidth. For example, an SFO of 10% can cause the backscattered signal bandwidth become 1.1 x Original_BW. It can be considered for the guard band for the D2R transmission.

We are not sure large-FS is feasible. It can be captured briefly, or de-prioritized. The same comments on scope of sub-bullets apply as for small-FS.
Regarding the large frequency shifting for moving the D2R signal by several 10 MHz e.g. from FDD DL band to FDD UL band, the power consumption of the IF local oscillator and mixer is usually a few 100 uW, which is too high for Device 1. As discussed in our tdoc on device architecture, the image signal and harmonic signal suppression has to be considered for proper spurious emission characteristics. The device power consumption and/or size will probably be increased by a certain level. Consequently, the practical applicability of the large frequency shifting is uncertain.


Related Proposals	
E///
Proposal 10	Agree to the following observation: large frequency shift may not be feasible in Device 1 due to limited power budget. However, it could be feasible for Device 2a, if a higher power budget is available.

HW
[bookmark: _Hlk162010070][bookmark: _Hlk162009973]Observation 3: The practical applicability of the large frequency shifter is uncertain.
Proposal 4: Remove the FFS on large frequency shifter, and add an note, i.e.
· [bookmark: _Hlk162617916]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).
· There can be impact on the out-of-band emission performance of D2R transmission due to the leaked image signal and harmonic signal during large frequency shifting.

Nokia
[bookmark: Proposal47050]Proposal 8: Clarify availability of small frequency shift (e.g. up to 100kHz) for interference mitigation in addition to large frequency shift.
[bookmark: Proposal47051]Proposal 9: Study the options of DSB and SSB frequency shifting, including SNR aspects, spectrum occupancy, and device complexity to perform SSB backscatter modulation.

Spreadtrum
Proposal 9: Small frequency shift should be supported for Device 1 and 2a.
Proposal 10: Large frequency shift should be supported for Device 2a.

Samsung
Proposal 6: For device 2a, RAN1 study to assume both scenarios in which a frequency shifter is present and absent to leave the choice to each operator according to their deployment preference.

MTK
[bookmark: OLE_LINK26]Proposal 2: 	A large frequency shifter for Device 2a can be considered with around 10MHz shift, which simplifies the interference management among legacy and A-IoT devices.

DCM
Proposal 1: Study the feasibility of small frequency shift in BB logics for each of Device 1, 2a and 2b.
Proposal 2: Discuss the feasibility of large frequency shifter for Device 2a with up to a few hundred µW peak power consumption.

CT
Proposal 5: Support frequency shifter instead of large frequency shifter as an optional block for Device 2a with RF-ED receiver.
· Further study on large frequency shifter (e.g., tens of MHz) and small frequency shifter (e.g., tens of kHz) with feasibility identification.

Oppo
Proposal 1: Small frequency shift with an offset of 100’s kHz is considered for Device 1, FFS small frequency shift with multiple controllable shifting offsets.
Proposal 2: Large frequency shift with an offset of 10’s MHz is not considered for Device 1.
Proposal 7: For the Backscatter of Device 2a, small frequency shifting (<1 MHz) can be supported. The device can introduce LNA in the backscattering chain.

Vivo
Observation 2: Large frequency shifter cannot be supported by 1uw device.
Observation 3: Even with mirror interference suppression, some frequency components for higher order harmonics cannot be suppressed.
-	The harmonics can easily fall out of the operator’s spectrum with large frequency shift.
-	Whether higher order harmonics can fulfil spurious requirements should be carefully studied by RAN4.
Observation 4: If the carrier wave is transmitted on frequency different from fc, which is the target frequency tag optimized for mirror interference mitigation, the amount of suppression may be largely degraded

ZTE
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.

Xiaomi
Proposal 8: RAN1 should support frequency shifter at least in device2a for better spectrum utilization and inventory efficiency.

Sony
Observation 1: The frequency translation range of the backscattering signal needs to be studied under the power consumption limit.
Proposal 2: RAN1 studies the power consumption associated with frequency shifting functionality for device 1 and device 2a.

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

Honor
Proposal 10: Device 2a supports frequency shift-based backscattering.

IIT
Proposal 2: Frequency shifter circuit should be an optional unit in the transmitter chain of Device 2A.

TCL
Observation 7: From the FL summary in 9.4.2.4, we discover that the D2R spectrum is same as CW spectrum whatever topology 1 or 2 in last discussion. 
Proposal 10: Further discuss the D2R spectrum based on the agreed CW spectrum if frequency shifter is used for device 2a.
Observation 8: Ring oscillator has the characteristic of ultra-low power consumption, e.g., <500nW.
Proposal 11: Study and discuss the function and feasibility of ring oscillator as large frequency shifter for device 2a.
Proposal 12: Discuss and study the necessity of mirror signal suppression and consider the impact of unwanted mirror signal or mirror harmonic in RAN 1 and RAN4.

QC
Observation 1: Power consumption for generating tens of MHz clocks for SSB backscattering takes tens of uW.
Proposal 5: Further study the feasibility of single side band (SSB) D2R for device 2a in terms of power and complexity, clock accuracy, etc.
Observation 2: For SSB D2R, the poor accuracy of generated IF frequency at device provides an uncertainty in target tx frequency, potentially lowering spectral efficiency due to large guard band requirement. For example, 1% of 50MHz is 500kHz.
Proposal 6: RAN1 to further study the feasibility of large frequency shift from the perspectives of power, complexity, interference, etc.
Proposal 7: RAN1 to study feasibility of D2R FDM across multiple devices from the perspectives of interference, harmonic cancellation, complexity, etc.

[High] Device 2a: LNA
Summary
Companies provided views on LNA for device 2a.
Include LNA: CMCC, HW, Spreadtrum, Oppo, Xiaomi, IIT
Not feasible: MTK
Optional: CT
Further study: Nokia, CATT
1st round discussion
FL Proposal 3.1 For device 2a and 2b, include LNA with further study on following aspects.
· power consumption
· amplification gain

Please provide brief comments for above FL Proposal 3.1
	Company
	Comment

	TCL
	We think this is an optional component to meet the receiver sensitivity and coverage, and its consumption should less than [500uW].

	Huawei, Hisilicon
	There have been numbers of research works on the RF/BB amplifier with 10 uW / 100 uW power consumption, which provides obvious power amplification gain for ultra-low power devices. In many of those researches, hardware test results have also been provided by prototype. There should be no feasibility issue for the ultra-low power RF amplifier. 
Though the technical principle of the ultra-low power RF amplifier can be different from the LNA in conventional 3GPP devices, such RF amplifier with 10 uW / 100 uW power consumption is also called LNA in some papers.
Based on the above,  the FFS on LNA can be removed, and no need to further study the power consumption of it. As discussed in our comments to the FL Proposal 1.1, the sub-bullet corresponding to LNA can also be removed.
· 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.



Related Proposals
CMCC
	LNA
	amplifier is used (analog domain). Considering the detection threshold can be extended from -45dBm, with 10dB amplifier compared to device 1.


HW
Observation 2: The ultra-low power RF power amplifier (e.g., LNA), with power consumption usually several 10 µW or few 100 µW, together with baseband amplifier, can improve the receiver sensitivity of Device 2a compared to Device 1,.
Proposal 3: Remove the FFS on LNA, and also remove the sub-bullet corresponding to LNA, i.e.

Nokia
[bookmark: Proposal47049]Proposal 7: Analyze if the Ambient IoT device should include RF and/or baseband amplification for the R2D reception blocks, considering total noise figure, sensitivity, and power consumption.

Spreadtrum
Proposal 3: LNA and reflection amplifier can be used respectively in the receiver and transmitter branch of Device 2a.

MTK
[bookmark: OLE_LINK22]Observation 1:	The inclusion of an LNA may not be feasible due to power budget limitations.
[bookmark: OLE_LINK25]Proposal 1: 	No LNA should be included in device 2a. FFS on alternative methods for improving receiver sensitivity and signal strength without compromising the power budget.

CT
Proposal 4: Support LNA as an optional block if the necessity is identified for Device 2a with RF-ED receiver.

Oppo
Proposal 6: Receiver of Device 2a/b can introduce 1 or 2 level of LNA for enhancing the sensitivity. The overall signal amplification can be considered as 15~20dB.
Proposal 7: For the Backscatter of Device 2a, small frequency shifting (<1 MHz) can be supported. The device can introduce LNA in the backscattering chain.

Xiaomi
Observation 7: A-IoT devices with LNA will have better performance of downlink coverage, providing broader coverage for inventory services.
Proposal 7: LNA should be supported in device 2a without higher than peak power conditions.

CATT
Proposal 5: The feasibility and the benefits to include LNA in Device 2a/2b needs to be carefully considered.

IIT
Proposal 1: Support LNA in receiver for improving signal strength and sensitivity as a part of Device 2A.

Device 2a: Additional Architectures
[bookmark: _Hlk159756364]IF-ED Receiver
Summary
Consider IF-ED receiver: Oppo
Do not study IF-ED: CMCC, Samsung
FFS IF-ED: HW

Please provide more input for this topic, if any.
	Company
	Comment

	
	




Related Proposals
CMCC
Proposal 2: Table 2 in R-2402566 is used for further study of device 2a architecture.
· with both downlink and uplink amplifier with 10-15dB.
· RF ED is considered for device 2a. IF and ZIF ED is not pursued for device 2a.
HW
Proposal 5: The benefit of the combination of backscattering based transmitter and IF-ED or ZIF receiver needs to be clarified.
[bookmark: _Hlk162980818]Proposal 9: If Device 2a with IF-ED or ZIF receiver is justified, the “RF local oscillator” and the corresponding “Reception related blocks” of Device 2b with IF-ED or ZIF receiver can be copied to those architectures, respectively, together with the other parts of Device 2a.

Samsung
Proposal 4: RAN1 study to prioritize device 2a with RF-ED and deprioritize other receiver architectures, i.e., IF-ED or baseband detection.

Oppo
Proposal 5: For Device 2a/2b:
•	All 3 receiver types are supported: RF envelope detector (w/o LO), Heterodyne RX, and homodyne RX. 
•	Less than or equal to 1000 ppm for SFO is assumed. 
•	The Device explicitly listed as ~500µW for peak power consumption.

NEC
Proposal 1: Consider RF-ED architecture as baseline for Device 2a for Rel-19.
Diagrams for Device Arch.
E///
[image: ]
[bookmark: _Ref163198147]Figure 5: Device 2a architecture with IF ED receiver

Vivo


[bookmark: _Ref162890983]Figure 1 device 2a architecture performs amplitude detection at IF
FW
[image: ]
Figure 1: Architecture for Device 2a with IF envelope detector receiver


ZIF Receiver
Summary
Consider ZIF: Spreadtrum
Do not consider ZIF: CMCC, Samsung
FFS ZIF: HW

Please provide more input for this topic, if any.
	Company
	Comment

	
	



Related Proposals
CMCC
Proposal 2: Table 2 in R-2402566 is used for further study of device 2a architecture.
· with both downlink and uplink amplifier with 10-15dB.
· RF ED is considered for device 2a. IF and ZIF ED is not pursued for device 2a.
HW
Proposal 9: If Device 2a with IF-ED or ZIF receiver is justified, the “RF local oscillator” and the corresponding “Reception related blocks” of Device 2b with IF-ED or ZIF receiver can be copied to those architectures, respectively, together with the other parts of Device 2a.

Spreadtrum
Proposal 4: Capture the device 2a architecture with Zero-IF ED in Figure 1 in TR. FFS for IF ED receiver for device 2a.

Samsung
Proposal 4: RAN1 study to prioritize device 2a with RF-ED and deprioritize other receiver architectures, i.e., IF-ED or baseband detection.

NEC
Proposal 1: Consider RF-ED architecture as baseline for Device 2a for Rel-19.

Diagrams for Device Arch.
E///
Observation 2	For Device 2a, zero-IF architecture is a good trade-off in terms of performance, size and cost if DC offset is not critical.
Proposal 8	A zero-IF Rx architecture may be more suitable for Device 2a.
[image: ]
[bookmark: _Ref163197986]Figure 4: Device 2a architecture with Zero-IF receiver

Spreadtrum
[image: ]
Figure 1: Device 2a architecture (Zero-IF ED)


Vivo


[bookmark: _Ref162891285]Figure 2 device 2a architecture performs amplitude detection at Zero-IF


FW
[image: ]
Figure 2: Architecture for Device 2a with zero IF receiver

[CLOSED] Device 2b: Architecture
[CLOSED] RF-ED Receiver

Summary
At least 14 companies have provided their view on RF-ED based receiver for device 2b. Most of companies prefer to have RF-ED based receiver as one of receiver options for device 2b. 
· There were a few companies who prefer to have RF-ED based receiver to other mixer-based receivers for device 2b claiming that having the same types of receiver all device types could good in coming up with unified air interface design. 
· One company show their view that RFED may not be a reasonable architecture for device 2b. 
· It was also pointed out by companies that RF-ED receiver consumes lower power consumption and lower complexity than mixer-based receiver (e.g., IF-ED or ZIF-ED receivers), but has poor sensitivity compared to mixer-based receivers.
· LNA, LO, mixer (for tx), DAC, PA, RF BFP, BB LPF, BB amp, etc were mentioned as potential blocks to be included for device 2b with RF-ED receiver. 
· There was also some view on feasibility of LNA, PLL, FLL, PA, etc, due to its power consumption, which may require further study.

1st round discussion

FL Proposal 5.1.1: 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 e.g., waveform/modulation, etc

[image: ]



Please provide brief comments for above FL Proposal 5.1.1
	Company
	Comment

	TCL
	Agree with this proposal. Extra RF filter should be at least considered as optional blocks after PA to supress the intermodulation interference or harmonic interference or phase noise. 
In addition, except for LO and PLL, other oscillator should be considered to reduce the power consumption like FLL.

	Huawei, Hisilicon
	The proposed architecture for Device 2b with RF-ED receiver is generally OK. It is recommended to move the “Tx modulator” into the “BB Logics”, as it does not require additional hardware other than the logic gates for digital baseband processing.




Related Proposals
TCL
Observation 3: For device 2b, RF-ED can be used for signal detection and support LNA/N bit ADC, which is similar the receiver architecture of device 2a. Meanwhile, IF/ZIF-ED also can be used for device 2b.
Proposal 4: For the receiver architecture of device 2b, RF-ED, IF-ED, ZIF-ED can be considered.

CMCC
Possible architecture for device 2b can be RF/IF/ZIF ED. For lowest power consumption, RF ED for device 2b is preferred. The harmonized design target between device types 1/2a/2b can be achieved.

HW
Proposal 6: Capture the architecture of Device 2b with RF-ED receiver in Figure 3 into TR, with the following basic blocks / components for the transmitter based on internal carrier-wave generation.
…
· RF local oscillator (LO) generates local RF carrier-wave.
…
· Transmission related blocks
· DAC converts digital signal to analog signal.
· Mixer converts BB signal to RF signal.
· Power amplifier amplifies RF signal (if present).

Proposal 10: The harmonized air interface design for R2D transmission should enable Ambient IoT device to use RF Envelope detection for receiving.

Samsung
Proposal 8: Study device 2b architecture based on RF-ED as described in Figure 3.  

Apple
Proposal 3: For device type 2b, only one of the three alternatives discussed in RAN1#116 should be considered
Proposal 4: For device type 2b, RF-ED based receiver architecture should be considered

CT
Proposal 6: Deprioritize Device 2b architecture for the sake of SI progress.
	The harmonized design in SID should be taken into consideration for Device 2b architecture design.
Proposal 7: Generally, support FL Proposal 10.1.2 with further discussion on the remaining FFS.

Oppo
Proposal 5: For Device 2a/2b:
•	All 3 receiver types are supported: RF envelope detector (w/o LO), Heterodyne RX, and homodyne RX. 
•	Less than or equal to 1000 ppm for SFO is assumed. 
•	The Device explicitly listed as ~500µW for peak power consumption.
Proposal 8: For the active transmitter of Device 2b, it should include a LO and optionally LNA or PA.

Vivo
Proposal 4: Device 2b with RF-ED receiver may be not reasonable device architecture due to mismatch between coverage of UL and DL.

FW
Proposal 5: RAN1 adopts and studies the architectures for Device 2b with RF envelope detector, IF envelope detector and zero IF in Figures 3, 4 and 5.

ID
Proposal 4: Include at least a modulator, DAC, local oscillator, mixer and amplifier in the description for device type 2b transmitter chain.
Proposal 5: Include at least RF BPF, RF ED, BB amplifier, BB LPF and Comparator in the description for RF ED based receiver for device type 2b.
Proposal 6: Assess the feasibility of and include LNA in the description for RF ED based device type 2b receiver if its power consumption is within the constraints of the device.

NEC
Proposal 2: Study RF-ED and IF-ED architecture for Device 2b for Rel-19.
Proposal 3: Capture Figure 1 as RF-ED architecture for Device 2b. RAN1 to further study the following:
-	Applicability of RF BPF and LNA
-	Type/characteristics of PA
-	Whether to support PLL or FLL for LO


Honor
Proposal 2：The device 2b architecture includes at least the following basic modules: Antenna, Matching network, Energy harvester, Energy storage, Power management unit, Digital baseband logic, Memory, Clock generator, Reception related blocks and Transmission related blocks.


QC
Proposal 3: RAN1 to capture the high-level device architectures for device 2b shown in above figure and description and further study the details of each block.

Diagrams for Device Architecture
E///
[image: ]
Figure 6: Device 2b architecture with RF ED receiver and active transmitter
HW
[image: C:\Users\w00468695\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\C44B7321.tmp]
Figure 3: Architecture of Device 2b with RF-ED receiver

Apple
Proposal 5: For device type 2b, following architecture should be considered:

[image: ]


FW
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Figure 3: Architecture for Device 2b with RF envelope detector


Xiaomi

 
Figure1: Blocks of device 2b with RF-ED receviver

ID


Figure 4: Rx chain for RF ED based receiver for device type 2b. The optional component block is represented by a dotted line.

Sony
[image: ]
Figure. 2. Device 2b architecture.


NEC


[bookmark: _Ref162523700]Figure 1 RF-ED architecture for Device 2b.
CATT

 
[bookmark: _Ref159252837]Figure 10: The illustration of A-IoT device architecture based on transmitter for Device 2b 

IIT
Support the FL proposal 10.1.2 of last meeting with the inclusion of LNA and PA in transmitter and receiver blocks.
[image: 图示, 示意图

描述已自动生成]

QC
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[CLOSED] IF Receiver
Summary
At least 7 companies have shown their preference on device 2b architecture with IF-ED based receiver together with ZIF based receiver. 
A few companies proposed to study the benefits of IF-ED receiver for device 2b, e.g., in terms of power, complexity, cost.
One company provided input that if mixer is used, then, ZIF should be used instead of IF due to its benefit, e.g., possibility of on-chip implementation.

1st round discussion

FL Proposal 5.2.1: Study device 2b architecture w/ 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 for generating carrier frequency for Rx and Tx
· FFS: PLL/FLL
· 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
· IF amplifier amplifies IF signal
· IF BPF for filtering out undesired signals
· IF envelope detector (IF-ED) detects envelope from IF signal.
· 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.
· FFS: Power amplifier (PA) amplifies tx signal, if present
· Details on transmitter related blocks depends on e.g., waveform/modulation, etc

[image: ]


Please provide brief comments for above FL Proposal 5.2.1.
	Company
	Comment

	TCL
	Agree with this proposal. Like comments in RF-ED of device 2b, extra RF filter should be at least considered as optional blocks after PA to supress the intermodulation interference or harmonic interference or noise phase. 

	Huawei, Hisilicon
	The proposed architecture for Device 2b with IF-ED receiver is generally OK. It is recommended to move the “Modulator” into the “BB Logics”, as it does not require additional hardware other than the logic gates for digital baseband processing.




Related Proposals
HW
Proposal 7: Capture the architecture of Device 2b with IF-ED receiver in Figure 4 into TR, with the following basic blocks / components for the transmitter based on internal carrier-wave generation.
· 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, modulator, 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).
· RF local oscillator (LO) generates local RF carrier-wave.
· 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.
· LNA for improving signal strength and sensitivity of receiver.
· Mixer converts RF signal to IF signal.
· IF amplifier amplifies IF signal to improve signal strength.
· IF BPF filter for improving selectivity.
· IF envelope detector (IF ED) detects envelope from IF signal.
· 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
· DAC converts digital signal to analog signal.
· Mixer converts BB signal to RF signal.
· Power amplifier amplifies RF signal (if present).

FW
Proposal 5: RAN1 adopts and studies the architectures for Device 2b with RF envelope detector, IF envelope detector and zero IF in Figures 3, 4 and 5.

Samsung
Proposal 9: RAN1 to study device 2b architecture based on IF and BB detection in terms of the implementation complexity/cost and the achievable benefits.

MTK
Observation 3: 	for Device 2b, if a mixer is supported, there is no need to consider RF-ED and IF-ED for frequency down-conversion. 

ID
Proposal 7: Include at least Mixer, LO, IF BPF, IF amplifier, IF ED, BB LPF and Comparator in the description of IF ED based receiver for device type 2b.
Proposal 8: Deprioritize RF BPF and LNA for IF ED based receiver for device type 2b.

NEC
Proposal 2: Study RF-ED and IF-ED architecture for Device 2b for Rel-19.
Proposal 4: Capture Figure 2 as IF-ED architecture for Device 2b. RAN1 to further study the following:
-	Applicability of RF BPF and LNA
-	Type/characteristics of PA
-	Whether to support PLL or FLL for LO

Diagrams for Device Architecture
HW
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Figure 4: Architecture of Device 2b with IF-ED receiver



Samsung
[image: ]
[bookmark: _Ref162386432]Figure 4 Device 2b architecture with heterodyne receiver 

Vivo


[bookmark: _Ref162943346]Figure 8 device 2b architecture with IF receiver


FW
[image: ]
Figure 4: Architecture for Device 2b with IF envelope detector

ID


Figure 5: Rx chain for IF ED based receiver for device type 2b

NEC


[bookmark: _Ref162524231]Figure 2 IF-ED architecture for Device 2b.

TCL


Fig. 3 IF/ZIF envelop detection for device 2b[6]


[CLOSED] ZIF Receiver
Summary
At least 7 companies have shown preference on studying the device 2b architecture with ZIF receiver.
A few companies proposed to study the benefits of ZIF-ED receiver for device 2b, e.g., in terms of power, complexity, cost.
One company provided input that if mixer is used, then, ZIF should be used instead of IF due to its benefit e.g., possibility of on-chip implementation and digital BB processing.
1st round discussion

FL Proposal 5.3.1: Study device 2b architecture w/ 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 for generating carrier frequency for Rx and Tx
· FFS: PLL/FLL
· 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 IF stage
· BB amplifier amplifies IF 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

[image: ]


Please provide brief comments for above FL Proposal 5.3.1.
	Company
	Comment

	TCL
	Okay with this proposal. Like comments in RF-ED of device 2b, extra RF filter should be at least considered as optional blocks after PA to supress the intermodulation interference or harmonic interference or noise phase.

	Huawei, Hisilicon
	The proposed architecture for Device 2b with ZIF receiver is generally OK. There seem two typos in the following two sub-bullets, where the “IF” should be replaced by “baseband”.
· Mixer down converts RF signal to IF stage
· BB amplifier amplifies IF signal

It is recommended to move the “Modulator” into the “BB Logics”, as it does not require additional hardware other than the logic gates for digital baseband processing.





Related Proposals

HW
Proposal 8: Capture the architecture of Device 2b with ZIF receiver in Figure 5 into TR, with the following basic blocks / components for the transmitter based on internal carrier-wave generation.
· …
· RF local oscillator (LO) generates local RF carrier-wave.
· 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.
· LNA for improving signal strength and sensitivity of receiver.
· Mixer converts RF signal to BB 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
· DAC converts digital signal to analog signal.
· Mixer converts BB signal to RF signal.
· Power amplifier amplifies RF signal (if present).

Samsung
Proposal 9: RAN1 to study device 2b architecture based on IF and BB detection in terms of the implementation complexity/cost and the achievable benefits.

MTK
Proposal 4: 	Device 2b can support a mixer based on the current power consumption budget assumption, and can be used as a large frequency shifter with a low-power FLL.
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]Observation 3: 	for Device 2b, if a mixer is supported, there is no need to consider RF-ED and IF-ED for frequency down-conversion. 
Observation 4: 	Baseband envelope detector (BB-ED) has advantages in on-chip implementation and the support of digital pre-processing for better performance.
[bookmark: OLE_LINK32]Proposal 5: 	For device 2b, if a mixer can be supported, BB-ED should be considered for its flexibility of on-chip implementation and digital signal processing.

ID
Proposal 9: Include at least LNA, Mixer, LO, BB LPF, BB amplifier and Comparator in the description for ZIF receiver for device type 2b.
Proposal 10: Assess the feasibility of and include RF BPF in ZIF receiver for device type 2b if it is within the power consumption constraints of the device.
Proposal 11: Assess feasibility of PLL or FLL for device type 2b.

Diagrams for Device Architecture

E///
[image: ]
[bookmark: _Ref163216730]Figure 7: Device 2b architecture with zero-IF receiver and active transmitter
HW
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Figure 5: Architecture of Device 2b with ZIF receiver


Spreadtrum
[image: ]
Figure 3: Device 2b architecture (Zero-IF ED)


Samsung
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[bookmark: _Ref162386443]Figure 5 Device 2b architecture with homodyne receiver 


Vivo


[bookmark: _Ref162943441]Figure 9 device 2b architecture with Zero-IF receiver
Proposal 6: Study device 2b with Zero-IF receiver with at least the following blocks.

ZTE


Figure 1 Architecture of Device 2b

FW
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Figure 5: Architecture for Device 2b with zero IF receiver



ID


Figure 6: Rx chain for ZIF based receiver for device type 2b

Sony
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Figure. 2. Device 2b architecture.


TCL


Fig. 3 IF/ZIF envelop detection for device 2b[6]


QC
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[bookmark: _Ref164109077][High] Receiver Sensitivity and Power for Communication
Summary
A few companies have provided receiver sensitivity values for device 2b. In 9.4.1.1, there is also related discussion on receiver sensitivity for link budget analysis. In 9.4.1.2, reasonable value ranges of receiver sensitivities are studied from device architecture perspective – e.g., depending on RF component/design choices. In the end, the identified values could be provided to 9.4.1.1 for coverage analysis and to be captured in TR. 

Companies have mentioned to study power consumption of different device types considering different architecture, HW blocks, etc. Some companies have provided initial view on device power consumptions captured in following table. E/// and Spreadtrum provided a very detailed breakdown of power consumption of device in component block level, which is quite informative in understanding power contributions. There was also a comment whether specific modulation schemes could meet power budget.

Given that there is dependency between sensitivity and power, it would be good to merge Section 4.6 and Section 4.7 and capture in the single table.

	Device types
	Receiver architecture
	Sensitivity for Communication (dBm)
	Device power consumption (uW)

	Device 1
	RF-ED
	-40: E///, HW
-40 ~ -35: QC
-20: MTK
	2-7uW: E///
1uW: Spreadtrum


	Device 2a
	RF-ED
	-46: HW
-40 ~ -35: QC
-40 to -45: E/// (w/o LNA)
-50 to -55: E/// (w/ LNA)
	[200,350]µW: Spreadtrum


	
	IF
	-90 to -95: E/// (Low-IF with RF LNA, IF ED and BB amp) 
	N/A

	
	ZIF
	-80 to -85: E/// (RF LNA and BB amplifier)
	[350,800]µW: Spreadtrum
60-120uW: Lenovo (Rx)

	Device 2b
	RF-ED
	-40 ~ -35: QC
	

	
	IF
	-60 ~ -50: QC
-90: Apple
	

	
	ZIF
	-60 ~ -50: QC
-90: Apple
	[400,700]µW: Spreadtrum (w/ FS)
60-120uW: Lenovo (Rx)



1/2/3 round discussion 

FL Proposal 6.1: Companies to report feasible receiver sensitivity and device power consumption of device 1, device 2a, and device 2b with assumptions.

	Device
	Receiver architecture
	Additional assumptions made
	Receiver Sensitivity value (dBm)
	Device Power consumption (uW)

	Device 1
	RF-ED
	
	
	

	Device 2a
	RF-ED
	
	
	

	Device 2b
	RF-ED
	
	
	

	Device 2b
	IF
	
	
	

	Device 2b
	ZIF
	
	
	

	…
	…
	
	
	




Please provide brief comments for above FL Proposal 6.1.
	Company
	Comment

	Huawei, Hisilicon
	According to the related research works, the RF-ED receiver can reach a sensitivity of -40 dBm with ~1 uW power consumption for Device 1, while ≤-46 dBm with 10 uW-level power consumption for Device 2a/2b.
Regarding the receiver sensitivity of IF-ED or ZIF receiver, it is possible to apply conventional evaluation method based on the noise figure of the receiver, which have been discussed in the LP-WUS study. Considering that the required link budget for indoor coverage (e.g., maximum 50 m range) is probably lower than that for LP-WUR, the hardware requirement on Device 2b can be further relaxed. Consequently, a noise figure of 24 dB or higher can be assumed for Device 2b with IF-ED or ZIF receiver.

	FL
	Continue provide input on this table.

	OPPO
	We support the frame work of sensitivity study. We are also OK to remove the power consumption column as suggest in the online session.





Related Proposals

HW
Proposal 12: For Ambient IoT device based on RF envelope detection, the receiver sensitivity can be reported per company by inspection of reference implementations in the field.
· [bookmark: _Hlk161855559]For Device 1, the receiver sensitivity is assumed to be ≤ -40 dBm.
· For Device 2 with RF-ED receiver, the receiver sensitivity is assumed to be ≤ -46 dBm.

E/// 
· RF Envelope detector with BB amplifier: -40dBm to -45dBm
· RF Envelope detector with RF LNA and BB amplifier: -50dBm to -55dBm
· Zero-IF with RF LNA and BB amplifier: -80dBm to -85dBm
· Low-IF with RF LNA, IF ED and BB amplifier: -90dBm to -95dBm

CMCC
For the receiver sensitivity, it may depend on the receiver architecture. If RF ED is used for device 2b, similar sensitivity can be achieved for device 2b and 2a.

Proposal 4: Table 3 in R1-2402566 is used for further study.
Table 3. Summary of the assumptions for ambient IoT devices.
	
	Device 1
	Device 2a
	Device 2b

	Receiver Sensitivity
	-36dBm
	-45dBm
	Depending on device architecture




Apple
Observation 4: For device type 2b, more complex receiver architecture are possible with higher power consumption, but with better receiver sensitivity in the range of -90dBm

MTK
Proposal 3:	The activation threshold can be -20 dBm for device 1. Other values are not precluded for devices 2a and 2b, considering different energy sources rather than RF signals.

QC
Observation 6: Device 1/2a/2b using RFED receiver has communication sensitivity ranges of [-40] ~ [-35]dBm.
Observation 7: Device 2b using mixer-based receiver has communication sensitivity ranges of [-60] ~ [-50]dBm.

[bookmark: _Ref164109096][Merged to 4.6] Power Consumption
Summary
Many companies have mentioned to study power consumption of different device types considering different architecture, HW blocks, etc. Some companies have provided initial view on device power consumptions captured in following table. E/// and Spreadtrum provided a very detailed breakdown of power consumption of device in component block level, which is quite informative in understanding power contributions. There was also a comment whether specific modulation schemes could meet power budget.

	Device type
	Receiver arch.
	Power consumption

	Device 1
	RF-ED
	2-7uW: E///
1uW: Spreadtrum


	Device 2a
	Not specified
	145 μW: E/// (Tx)
100 uW: E/// (Rx)

	
	RF-ED
	[200,350]µW: Spreadtrum


	
	IF
	N/A

	
	ZIF
	[350,800]µW: Spreadtrum
60-120uW: Lenovo (Rx)

	Device 2b
	Not specified
	

	
	RF-ED
	

	
	IF
	

	
	ZIF
	[400,700]µW: Spreadtrum (w/ FS)
60-120uW: Lenovo (Rx)



1st round discussion

FL Proposal 7.1 Companies to study and report power consumption in device level and component block level (if possible) considering for device 1, device 2a, and device 2b with different receiver architecture.

Please provide brief comments for above FL Proposal 8.1.
	Company
	Comment

	Huawei, Hisilicon
	There is no objective in the SID to discuss about the detailed power consumption of each basic block/component.
The feasibility of satisfying the target power consumption has already been considered in what companies have proposed for device architectures. For example, the reference designs of the basic blocks with satisfied power consumption have been cited in many tdocs on device architecture. 



Related Proposals

Device 1: Power Consumption

E///
Proposal 5	For Device 1, the expected Rx power consumption would be roughly 2-7 μW.
Table 1: Power consumption breakdown
	Device
	1
	2a
	2b

	
	
	ED
	Zero-IF
	

	
	Component
	Power Consumption [µW]
	Component
	Power Consumption [µW]
	Component
	Power Consumption [µW]
	Component
	Power Consumption [µW]

	Rx
	Passive/Active ED
	0/2
	Active ED
	2
	Mixer
	8
	Mixer
	8

	
	Comparator/ADC
	≤1
	Comparator/ADC
	1-2
	ADC
	2
	ADC
	6

	
	State machine
	≤1
	Digital Processing
	20
	Digital Processing
	20
	Digital Processing
	20

	
	Clock
	0.1-1
	Clock
	0.1-1
	FLL
	20
	PLL
	100

	
	NV-Memory
	1.5-3
	NV-Memory
	1.5-3
	NV-Memory
	1.5-3
	NV-Memory
	1.5-3

	
	V-Memory
	0.1
	V-Memory
	0.1
	V-Memory
	0.1
	V-Memory
	0.1

	
	
	
	RF LNA
	40
	RF LNA
	40
	RF LNA
	75

	
	
	
	BB AMP
	10
	BB AMP
	10
	BB AMP
	10

	
	Total
	~2-7
	Total
	~40-80
	Total
	~100
	Total
	~220

	Tx
	Digital Encoder
	1e-3
	Digital Encoder
	1e-3
	PA
	100-300

	
	Clock
	0.1-1
	Ring Oscillator
	20
	DCO+LO Driver + DCO Buffer
	50

	
	State machine
	0.1
	RA
	100
	ADPLL
	150

	
	NV-Memory
	1.5-3
	Digital Processing
	20
	Digital processing
	20

	
	V-Memory
	0.1
	NV-Memory
	1.5-3
	NV-Memory
	1.5-3

	
	
	
	V-Memory
	0.1
	V-Memory
	0.1

	
	Total
	~1.8/4.2
	Total
	~145
	Total
	~300-500

	Number of antennas
	2 antennas: 
1 Rx, 1 Tx/Harvesting

	-
	1 Tx/Rx
	-
	1 Tx/Rx
	-





Spreadtrum
Table 2 Summary of the power consumption for ambient IoT device
	
	Device 1 (1µW)
Backscatter
	Device 2a(hundreds µW)
backscatter
	Device 2b(hundreds µW)
Signal generated internally
	Comments

	Matching network
	-
	-
	-
	-
	-
	-
	

	Power supply
	RF rectifier
	-
	RF rectifier
	-
	RF rectifier
	-
	Diode+RC

	Rx
	Envelope detector
	-
	Envelope detector
	Several to tens µW
	Envelope detector
	Several to tens µW
	Passive:Diode+RC
Active:MOS+RC

	
	Comparator / ADC
	~200nW
	Comparator / ADC
	~20µW
	Comparator / ADC
	~20µW
	

	
	
	-
	LNA
	~75µW
	LNA
	~75µW
	


	
	
	
	Mixer + LO (optional)
	~110µW
	Mixer+LO
	~110µW
	

	
	
	
	BB amplifier
	~10µW
	BB amplifier
	~10µW
	Optional

	Tx
	Modulator
	Tens nW
	Modulator
	Tens nW
	DAC
	10µW
	


	
	
	
	Reflection amplifier
	[45, 200]µW
	PA
	Tens to hundreds µW
	

	
	
	
	
	
	Mixer + LO
	~110µW
	


	Digital part
	Digital part
	~400nW
	Digital part
	~5µW
	Digital part
	~5µW
	

	Clock circuit
	Ring Oscillator
	Tens to hundreds nW
	-
	-
	-
	-
	

	Frequency shifter
	
	
	Frequency shifter
	Several µW
	
	
	Optional

	Total
	RF ED Device
	~1µW
	RF ED Device
	[200,350]µW
	Zero-IF ED device
	[400,700]µW +PA
	w/o frequency shifting

	
	
	
	Zero-IF ED device
	[350,800]µW
	
	
	w/o frequency shifting


Proposal 6:  Capture the power consumption for ambient IoT device in Table 2 in TR.

Sony
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.

Lenovo
Proposal 1: RAN1 evaluates power consumption and performance for passive device type 1 (~1 μW) with a simple RF envelope detector-based architecture considering the different components such as matching network, RF envelope detector circuit, and digital part of the device.  

Device 2a: Power Consumption

E///
Proposal 7	For Device 2a, The Tx power consumption is ~145 μW, and the Rx power consumption is ~100 μW.

Sony
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.

Lenovo
Proposal 2: RAN1 evaluates power consumption and performance for passive device type 2a (Few 100 μW) with RF envelope detector-based architecture considering the different components such as matching network, band pass filter, RF envelope detector circuit, and low power LNA to improve the reception sensitivity of the signal.

Device 2b: Power Consumption


ID
Observation 3: For device type 2b, the power consumption of the active transmitter chain is considerably higher compared to the backscattering transmitters of device type 2a.

Lenovo
Proposal 3: RAN1 evaluates RF envelope detector-based architecture for active device type 2b (Few 100 μW) considering the different components such as matching network, band pass filter, RF envelope detector circuit, LNA, BB LPF, and ADC.
Observation 2: For homodyne Rx architecture the power consumption can range from 60uW to more than 120 µW depending on the required sensitivity at the receiver.
Observation 3: Homodyne Rx architecture for FSK reception with analog 2-FSK modulator can consume more than 380µW [10].
Proposal 4: RAN1 evaluates whether the power consumption of homodyne/zero-IF receiver circuitry for active Ambient IoT device type with amplification for FSK reception meets the target power consumption. 
Proposal 5: RAN1 evaluates whether the power consumption of homodyne/zero-IF receiver circuitry for active Ambient IoT device type with amplification for FSK reception using a FM-AM detector meets the target power consumption.
Proposal 7: RAN1 evaluates whether the power consumption of transmitter circuitry for active Ambient IoT device type meets the target power consumption considering different component in BB and RF such as encoder, modulator, mixer, filter, oscillator, and power amplifier.



[High] D2R Tx Modulator Architecture
Summary
A few companies have mentioned different tx backscatter modulation schemes and their impact on device architecture aspects such as power, complexity, etc. OOK, PSK, FSK were mentioned at least in agenda 9.4.1.2. Companies have shown their preferences.
· Study OOK, PSK, FSK modulator: E///, LG, QC
· Study OOK modulator as baseline: Spreadtrum, CT, CEWiT, 

One company also mention to support more than one modulation schemes.

Waveform/modulation choice has impact on following aspects.
· Tx signal generation schemes (backscatter/active generation)
· BER performance
· modulation factor/reflection loss (affecting backscatter link budget)
· hardware complexity/size/cost in RF/BB, e.g., required # of branches, switches, circuits
· power consumption
Waveform/modulation could be differ based on tx signal generation scheme (backscatter/active).
Thus, it would be good to further study possible tx modulation schemes.

1/2/3 round discussion
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)
· 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)


Please provide brief comments for above FL Proposal 8.1.
	Company
	Comment

	TCL
	We do not understand what is the mean of the modulation factor, is it related with modulation depth or modulation order, or reflection coefficient of device 1/2a? We think modulation factor should be clarified. 

	Huawei, Hisilicon
	The discussions can wait for the corresponding preliminary agreements or consensus in 9.4.2.1.

	FL
	Continue provide input on this table.

	OPPO
	We are OK with the proposal. 
Further, should we also consider the multiplexing aspects, e.g FDM cases?




Related Proposals

Device 1: D2R Tx Modulation / Waveform

CMCC
	Impedance modulation, Device 1

	For backscatter link,
- OOK is start point, BPSK/QPSK may be also considered and it is beneficial to improve backscatter energy efficiency. 



E///
Proposal 4 For Device 1, the expected Tx power consumption of OOK, BPSK, and binary FSK would be roughly the same and about 2-4 μW. 
The complexity will be very similar to the RFID case with the addition of the energy storage capacitor.

Spreadtrum
Proposal 1: From device architecture complexity perspective, at least the OOK modulator should be considered for Device 1.

CT
Proposal 3: Study the following device Tx modulator architectures in terms of power, complexity, cost, etc for different device types.
· OOK as baseline.
· FFS: PSK, FSK, other modulators are not precluded.
· Note: further check the alignment with AI 9.4.2.1.

Xiaomi
Proposal 11: Tx modulator architectures of devices could be addressed subsequent to the determination of the waveform.

LG
Proposal 3: For AmIoT (backscatter) transmitter architectures, study the following modulators:
· ASK/OOK modulator
· PSK modulator
· FSK modulator

CEWiT
Proposal 1: Support OOK modulator for device 1.

QC
Proposal 4: RAN1 to further study different backscatter modulation techniques including OOK, PSK, FSK in terms of its impact on device complexity, efficiency, power, etc.

[image: A diagram of a circuit

Description automatically generated]
[bookmark: _Ref163203226]Figure 5 Example Tx architectures for different modulation types. (Part of diagrams in Figure 5 are from [11])


Device 2a: D2R Tx Modulation / Waveform

E///
Observation 1	Implementing BPSK for the transmitter of Device 2a will increase the size of the device due to the low frequency.

[image: ]
[bookmark: _Ref163197539]Figure 3: Device 2a architecture with RF ED receiver and PSK backscattering transmitter
Nokia
[bookmark: Proposal47047]Proposal 5: For type 2 ambient IoT devices, support for more than one D2R modulation type should be considered for dynamic optimization of CW2D/R2D harvesting and R2D signal SNR benefits. The D2R modulation type can be configured via R2D signalling.

Lenovo
[image: ]
Figure 9: RF circuitry for different backscattering modulators

CATT
[image: ]
[bookmark: _Ref157793538]Figure 6: The illustration of A-IoT device backscattering architecture


Device 2b: Tx modulator architecture
CATT
[image: ]
[bookmark: _Ref157793648][bookmark: _Ref157793640]Figure 7: The illustration of A-IoT device transmitter architecture

QC
Proposal 4: RAN1 to further study different backscatter modulation techniques including OOK, PSK, FSK in terms of its impact on device complexity, efficiency, power, etc.

[image: A diagram of a circuit

Description automatically generated]
Figure 5 Example Tx architectures for different modulation types. (Part of diagrams in Figure 5 are from [11])

[High] Selectivity
Summary
Companies have views that selective RF BPF or antenna matching network is preferable to reduce impact from co-channel and adjacent channel interference for both R2D and D2R: E///, vivo, QC, TCL, ZTE
One company mention BB LPF can be used to reduce interference from co-channel NR/LTE signal.

However, the feasibility of RF BPF for A-IoT device has not been studied enough especially in terms of cost/complexity/form factor/etc. Therefore, further study is recommended.
The feasibility of BB LPF in suppressing co-channel sub-carrier interference also needs to be further studied.

Further study needed for the feasibility/benefit of RF BPF and BB LPF: Xiaomi, ID, LG, CATT, TCL
1st round discussion
FL Proposal 9.1 Further study RF BPF, IF filter, BB LPF, and antenna matching network considering following aspects.
· Benefit/effectiveness/requirement for achieving selectivity.
· Feasibility of RF BPF, IF filter, BB LPF, and antenna matching network for device 1/2a/2b in terms of cost/complexity/form factor
· Feasibility of RF BPF, IF filter, BB LPF in suppressing interference.

Please provide brief comments for above FL Proposal 9.1.
	Company
	Comment

	TCL
	There is a wider matching bandwidth for antenna matching network (e.g., >20MHz passband at 900MHz), and it is will be impacted by environment condition and signal centre frequency. Thus, we don’t think that antenna matching network should be at east considered in device 1 and 2a for selectivity because of the limited power consumption.

	Huawei, Hisilicon
	The required frequency selectivity and the potential technical design / implementation is the scope of RAN4. They are starting their study now, so RAN1 can leave them to it.


Related Proposals	
CMCC
	Matching network, 
Device 1
	- Several tens of MHz BW, [2]
- High-Q matching network and/or RF BPF can be used to suppress adjacent channel interference


E///
[bookmark: _Toc163244529]A bandpass filter is preferable to be used after the antenna since the antenna bandwidth should cover both the uplink and downlink bands. 

Xiaomi
Proposal 10: Within the permissible peak power range, further study how to improve selectivity of device, e.g., feasibility of RF BPF, BB filter, antenna selectivity, etc.

ID
Observation 1: To prevent the adjacent channel interference between the Ambient IoT signals and the NR signals, a RF BPF with high Q-factor may be required. This may increase the cost to the device in terms of power consumption and complexity.
Proposal 1: Assess the feasibility of incorporating RF BPF in device type 1, considering the required Q-factor for frequency selectivity and the associated costs. If not feasible, consider alternatives to suppress and/or avoid the adjacent channel interference.
Proposal 2: For device type 2a, prioritize RF BPF and reflection amplifier.

Vivo
Observation 5: It is feasible to suppress frequency spectrum outside matching bandwidth of the matching network.
-	The actual capability to suppress out-of-band frequency can be further studied.
Observation 6: If narrow bandwidth matching network or narrow bandwidth RF filter bandwidth can be implemented, CW and R2D transmission should be limited within the bandwidth to ensure receiving DL command and RF energy harvesting, which will decrease deployment flexibility of network.

LG
Proposal 7: Study whether/how to improve frequency selectivity of AmIoT device, e.g., feasibility of RF BPF, BB filter, antenna selectivity, etc.

CATT
Proposal 3: The feasibility and benefits of including BPF and/or LPF in A-IoT architecture need to be studied with the consideration of A-IoT requirements on bandwidth, frequency, power consumption, cost, and size.

TCL
Proposal 5: If IF-ED is used for receiver architecture of device 2b, RF/IF/BB filter should be considered. If RF-ED/ZIF-ED is used for receiver architecture of device 2b, RF/ BB filter should be considered.
Proposal 6: The passband bandwidth Bpass, R2D and order of filter should be suitable for the defined transmission bandwidth Btx,R2D and occupied bandwidth BOCC,R2D, e.g., BOCC,R2D >= Bpass, R2D >= Btx,R2D or Bpass, R2D >= BOCC,R2D >= Btx,R2D.
Proposal 7: RF filter with adjustable bandwidth and narrowband filter (e.g., <1MHz) is difficult to be configurated for AIoT device 1/2a/2b, thus, FDM(A) should not be supported in DL random access.

CMCC
	BB LPF
	- BB LPF is used to avoid interference.
- Interference suppression for interference from legacy NR/LTE signals on adjacent subcarriers. 
- The legacy NR/LTE signals are considered to be wideband interference across the whole frequency domain. A BB LPF is helpful to filter out the BB signals with limited signal bandwidth.



ZTE
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.

[High] Number of Antenna / Matching Network
Summary
High Q matching network is beneficial for RF energy harvesting.
Single antenna shared for energy harvesting and communication as baseline: Spreadtrum, Samsung, NEC, Honor 

1st round discussion
FL Proposal 10.1 RAN1 assumes that ambient IoT device has single antenna for energy harvesting and communication.

Please provide brief comments for above FL Proposal 10.1.
	Company
	Comment

	TCL
	Agree with this proposal

	Huawei, Hisilicon
	The implementation of RF energy harvester and the corresponding antenna depends on detailed applications and solutions. As the study should focus on the design for communication, and design of energy harvesting signals has been ruled out, there is no need to have such assumption and constraint in 3GPP.



Related Proposals
E///
[bookmark: _Toc163244528]A high Q antenna that is directly matched to the rectifier may be preferable for RF energy harvesting.
Spreadtrum
Proposal 7: A single antenna used for both communication and energy harvesting should be a basic assumption for ambient IoT devices.

Samsung
Proposal 3: RAN1 study to assume a single antenna for both communication and RF energy harvesting.

ZTE
Proposal 2: Whether to equip shared or separate antenna for RF energy harvester and receiver/transmitter depending on Ambient IoT device complexity.

NEC
Proposal 5: Consider single antenna as baseline for Device 1. Application of separate antennas for energy harvesting and communication can be studied for Device 2a and 2b.

Honor
Proposal 3: The device only supports the assumption of a single antenna.

TCL
Proposal 1: PMU like MPPT can be used for the matching between antenna impedance and harvester impedance to maximize the extracted power.
[High] Energy Storage / Charging Time
Different ES size for device types: E///, LG, NEC
Discuss the study of energy storage requirement and/or charging time: E///, DCM, NEC, QC, CMCC, Xiaomi
No study : Samsung

1st round discussion
FL Proposal 11.1 Further study the impact of energy storage, sustainable operation time for ambient IoT inventory process.

Please provide brief comments for above FL Proposal 11.1.
	Company
	Comment

	TCL
	Okay with this proposal

	Huawei, Hisilicon
	In practical implementation and solutions, multiple characteristics of the energy storage have to be considered for Ambient IoT device, such as capacity, rated voltage, leakage current. Many of those parameters can impact the charging time. The related discussions are out of the scope of 3GPP. The air interface design should not be based on some dedicated value for one or two of those parameters.



Reserved
3rd round discussion

FL Proposal 11.3 Further study the impact of energy storage, and sustainable operation time for device to successfully support an inventory process.
· Energy storage size and available energy for device 1, 2a, and 2b
· Feasibility (cost, form factor) of required energy storage
· Sustainable device operation time of device
· Device behavior when device ran out of energy during inventory process.


	Company
	Comment

	
	



Related Proposals
CMCC
	Capacitor
	- Off-chip capacitor is applicable to store energy, e.g., tens of uF.
- Implementation based energy harvesting, e.g., solar, vibration. Or possible with a small battery source.


For RF energy harvesting for device 2a, if around -30dBm activation threshold is considered, the capacitor should be around tens of uF. Higher capacitor may lead to higher leakage of power. If the charging time is in tens of seconds, it seems the discharging time would be very limited if the power consumption is 100uW-500uW, e.g., several ms to tens of ms.

E///
Proposal 1	The energy storage size can be different for different device types.
Proposal 2	Discuss whether RAN1 should include the size of energy storage in the scope of the Rel-19 SI.

Samsung
Proposal 1: Clarify that defining or calculating a charging time or device duty cycle is out of RAN1 study scope. 
Proposal 7: From RAN1 study point of view, it is assumed that a device has a sufficient power to communicate.

DCM
Proposal 3: Clarify the assumption on energy whether A-IoT device would not run out of energy during a certain transaction of DT or DO-DTT process.
Xiaomi
Proposal 1: RAN1 should clarify whether A-IoT device has energy storage based on a battery.
Proposal 2: If the structure with a battery is included in Rel-19 study item, it should be de-prioritized.

LG
Proposal 4: For RAN1 study purpose, consider RF energy harvesting time and its impact on device availability.
Proposal 5: Include in the study the case where different device types have different energy storage sizes.
· FFS: different energy storage sizes for the same device type
· FFS: assumption on the energy storage sizes for each device type/capability

NEC
Proposal 7: Discuss the energy storage requirements for different ambient IoT device types in terms of time duration for which an ambient IoT device can continue its Tx/Rx operation without interruption.

Lenovo
	R
(kΩ)
	1µF
	2 µF
	3 µF
	4 µF
	5 µF
	6 µF
	7 µF
	8 µF
	9 µF
	10 µF

	1
	5
	10
	15
	20
	25
	30
	35
	40
	45
	50

	20
	100
	200
	300
	400
	500
	600
	700
	800
	900
	1000

	100
	500
	1000
	1500
	2000
	2500
	3000
	3500
	4000
	4500
	5000

	1000
	5000
	10000
	15000
	20000
	25000
	30000
	35000
	40000
	45000
	50000


   Table 1: RF Energy Charging time (msec) considering different capacitance size and resistance 

Proposal 8: Consider the feasibility of Ambient IoT device in terms of minimum capacitance and charging time to meet the targeted inventory round performance.  


QC
Proposal 14: RAN1 designs A-IoT inventory procedure for large number of devices considering following aspects: device energy storage size, device power consumption, different energy harvesting rates, multi rounds of random access, etc.
Observation 10: Roughly speaking, device 2 requires additional 1uF of capacitance to sustain one more round in an inventory process (when Tx power is assumed to be 200uW).

[High] RF Energy Harvester: Power Conversion Efficiency
1/2/3 round discussion
FL Proposal 12.1 Further study the impact of RF energy harvesting on the availability of transmission and reception considering following power conversion efficiency for RF energy harvesting at 900~920MHz. FFS: PCE numbers
	Incident power level X (dBm)
	Power conversion efficiency at EH (%)

	X < -30dBm
	[<5]%

	-30dBm < X < -20dBm
	[5-10]%

	-20dBm < X < -10dBm
	[10-25]%

	-10dBm < X < 0dBm
	[25-45]%

	0dBm < X < 10dBm
	[45-65]%

	10dBm < X
	[10]%




Please provide brief comments for above FL Proposal 12.1.
	Company
	Comment

	Huawei, Hisilicon
	The technical details of RF energy harvesting are out of the scope of 3GPP. There is no need to study the above table. There is no objective in the SID to do so.
In any case, the above table cannot be regarded as typical and suitable for Ambient IoT device.

	FL
	Continue provide input on this table.

	OPPO
	That can be depending on how the energy harvesting time will taking into account. If other agenda already take that, e.g. 9.4.2.2, we can on hold.



Related Proposals	
E///
[bookmark: _Toc163244531]In literature, for 900 MHz band, the power conversion efficiencies (at the harvester sensitivity levels) ranging between 5% and 22% are reported.
Vivo
Proposal 7: For study purpose, define the RF-DC energy conversion efficiency under different RF input power and signal frequency bands (with prioritization of FDD band) for A-IoT device, Table 1 can be used as starting point.
[bookmark: _Ref162945008]Table 1 The RF-DC energy conversion efficiency
	
	900~920MHz
	2.4GHz
	5.8GHz

	-30dBm (1uW)
	5%-10%
	1%-5%
	1%-5%

	-20dBm (10uW)
	10%-25%
	5%-20%
	5%-20%

	-10dBm (100uW)
	25%-45%
	20%-40%
	20%-40%

	0dBm (1mW)
	45%-65%
	40%-60%
	40%-60%

	10dBm(10mW)
	10%
	10%
	10%




[Merged to 4.12] Energy sources for A-IoT Study
Summary
From RAN#103 agreement, RAN1&2 are supposed to study the impact of energy harvesting in tx and rx availability. A few companies shown their views on RF energy harvesting.

· Consider RF energy harvesting: CEWiT, QC, TCL, CATT, LG
· Do not consider RF for device 2: vivo
· FFS: CT

1st round discussion 
FL Proposal 13.1 Consider RF energy harvesting for Ambient IoT device.
Please provide brief comments for FL Proposal 13.1
	Company
	Comment

	TCL
	We think RF energy is necessary for device 1/2a/2b, and solar/thermal/vibration should be considered for device 2a/2b.

	Huawei, Hisilicon
	The potential energy sources for Ambient IoT device have been discussed in the R18 study, and briefly described in the Annex A of TR 38.848. There is no need to assume or prioritize a dedicated energy source for the study, as it highly depends on the detailed scenarios and solutions. The SID includes no objective for RAN1 or any WG to identify ambient energy sources, and it is not appropriate to insert discussion of this into the Rx architectures.


Related Proposals	
CT
Proposal 1: For RAN1 study purpose, it can consider RF energy source for A-IoT Device 1 as baseline.
· This does not preclude other energy sources (solar, vibration, thermal, etc) in Rel-19 study.
Proposal 2: Further study whether only RF energy source can be applicable for A-IoT Device 2.

Vivo
Proposal 8: Given the extremely long time for RF energy harvesting, and limited sustainable time for Tx/Rx operation, the RF energy harvesting is not considered for device 2.

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

TCL
Proposal 3: RF energy is necessary for device 1/2a/2b, and solar/thermal/vibration could be considered for device 2a/2b.

QC
Proposal 1: Rel-19 A-IoT study purpose, assume that all device types do energy harvesting from RF signal only.
Proposal 2: RAN1 to consider RF energy source for inventory evaluation.

CATT
Proposal 2: The RF energy harvesting and storage module should provide stable power supply for Device 1 and Device 2a/2b of Ambient IoT.

LG
Proposal 6: For AmIoT study, assume RF energy harvesting sensitivity of [30] dBm for all device types (1/2a/2b).

[High] Energy Harvester: Sensitivity
Summary

-24dBm : Apple
-30dBm: LG
-35 ~ -30dBm: QC
1/2/3 round discussion 
FL Proposal 14.1 Further study energy harvesting sensitivity or activation threshold.
· EH sensitivity values: [-35, -30, -24]

Please provide brief comments for above FL Proposal 14.1.
	Company
	Comment

	Huawei, Hisilicon
	The technical details of RF energy harvesting are out of the scope of 3GPP.

	FL
	Continue provide input on this table.

	OPPO
	Similar view as in 4.12.




Related Proposals
CMCC
	RF energy harvesting 
Device 1
	- With typically around -20dBm threshold for RF energy harvesting, an on-chip capacitor with limited energy storage is applicable for such case. [3][4]
- With 10s RF energy harvesting time, 1uF off-chip capacitor, 5% harvesting efficiency, the estimated threshold for RF energy harvesting can be up to -30dBm so that the capacitor can be filled up during 10 seconds. 



E///
[bookmark: _Toc163244530]In the literature, the harvester sensitivity is defined as: “The minimum signal available at the antenna reference plane to allow the rectifier to generate 1V DC at the output”. 
Nokia
[bookmark: Proposal47052]Proposal 10: Distinguish/separate definitions of device power-up threshold and receiver sensitivity in the RAN1 study. 

Apple
Proposal 1: For device type 1, at least for the purpose of our evaluations, we can at least consider activation threshold value of -24dBm
Proposal 2: For device type 2a, at least for the purpose of our evaluations, the baseline activation threshold value of -24dBm can be considered and if justified, additional lower value can be considered as well

Oppo
Proposal 4: The RF harvesting module can be included in the architecture of Device 2a/2b. The evaluation introducing minimal harvesting power of [-25dBm] with [10%] efficiency.

LG
Proposal 6: For AmIoT study, assume RF energy harvesting sensitivity of [-30] dBm for all device types (1/2a/2b).
· FFS: if the RF energy harvesting sensitivity can be different depending device types

Honor
Proposal 6: Discuss whether coverage target is decoupled from signal thresholds for RF harvesting.

QC
Observation 9: Sensitivity of Energy harvester is the range of [-35, -30].
[High] Clock/LO
Summary
Companies provided input on clock assumptions for devices.
A few different aspects captured here.
· Same clock error for all devices: CMCC
· Device 1’s initial SFO of X=4, 5 : Oppo, HW, 
· Different device types could have different clock error (i.e., device 1 clock error is larger than that for device 2a/2b): Spreadtrum, Oppo, ZTE, Xiaomi, NEC
· Post sync clock error: 20ppm (E///), 200ppm (MTK), (50ppm) QC

Note that 9.4.1.1 has also similar discussion. 

FL Proposal 15.1 Device 1, 2a, and 2b have following clock error.
	
	Device 1
	Device 2a
	Device 2b

	Initial sampling clock error
	10^4 ~ 10^5 ppm
	10^4 ~ 10^5 ppm
	10^3 ~ 10^4 ppm

	Post-sync error for carrier frequency
	FFS
	[20, 50, 200]ppm
	[20, 50, 200]ppm




Please provide brief comments to this topic, if any.
	Company
	Comment

	
	




Related Proposals	
CMCC
	SFO and sampling freq
	Harmonized design assuming 104 ~ 105 ppm, and 1.92Msps




??
	
	Device 1
	Device 2a
	Device 2b

	Sampling Clock
	- The Sampling Clock is provided by a on-chip oscillator with typically around 1-2 Msps and maximum 10^4 ~ 10^5 ppm SFO. [5]
- There is no Local Oscillator (LO), no Phase-Locked Loop (PLL) and Frequency-Locked Loop (FLL).
- No clock is not running when power off.
	- The Sampling Clock is provided by a on-chip oscillator with typically around 1-2 Msps and maximum 10^4 ~ 10^5 ppm SFO.
- FFS feasibility of off chip oscillator and SFO.
- There is no Local Oscillator (LO), no Phase-Locked Loop (PLL) and Frequency-Locked Loop (FLL).
- No clock is not running when power off.
	200ppm can be considered as start point which is similar to the assumption using ring oscillator.




HW
Observation 4: For Device 2b, the inaccurate frequency of internal carrier-wave may lead to low spectrum efficiency for D2R transmission.
Proposal 17: For Device 1, the clock frequency is required to be sufficiently low (e.g., ≤1.92 MHz) to reach required power consumption.
Proposal 18: A maximum initial sampling frequency offset of 105 ppm is assumed for Ambient IoT device i.e., X = 5.

Spreadtrum
Proposal 8: For Device 1, the initial sampling frequency offset (SFO) up to 10X ppm, where X = 4 or 5.
Observation 1: The initial sampling frequency offset (SFO) of Device 2a/2b is smaller than that of Device 1.

MTK
[bookmark: OLE_LINK24]Observation 5:	 For device 2b, initial SFO considerations may not accurately reflect operational frequency accuracy post-NW synchronization. 
[bookmark: OLE_LINK29]Proposal 6:	For device 2b, consider using the residual SFO of up to 200 ppm for evaluation rather than the initial SFO of up to 10X ppm.

Oppo
Proposal 3: SFO of device 1 is 10^4~10^5 ppm.
Proposal 5: For Device 2a/2b:
•	All 3 receiver types are supported: RF envelope detector (w/o LO), Heterodyne RX, and homodyne RX. 
•	Less than or equal to 1000 ppm for SFO is assumed. 
•	The Device explicitly listed as ~500µW for peak power consumption.

ZTE
Proposal 1:  The following initial sampling frequency offsets can be assumed for Ambient IoT. 
•	10^4~ 10^5 PPM for Device 1
•	10^3~ 10^4 PPM for Device 2a
•	10^2 PPM for Device 2b

Xiaomi
Proposal 12: Following initial SFO accuracy is assumed for the sampling clocks of device types.
	Device 1	Device 2
initial SFO up to 10X ppm	X= [4, 5]	X=[3,4]

NEC
Proposal 6: Consider following as the clock/LO accuracy assumptions for ambient IoT,
· Initial SFO of 10^4 ~ 10^5 ppm for Device 1
· Initial SFO of 100 ppm for Device 2a/2b
QC
Proposal 15: For evaluation purpose, it is assumed that device 1/2a/2b can support at least following three clocks in Table 10 for sampling/sleep, frequency shifting, carrier frequency generation within their power consumption budget.
	Clock #
	Description
	Applicable 
device types
	Clock speed
	Power 
consumption
	Accuracy

	Clock 1
	Sampling for sync signal detection. 
Light sleep w/ memory retention
	Device 1, 2a, 2b
	[10s] kHz to [1]MHz
	<<1uW
	[1 ~ 10]% error

	Clock 2
	Frequency shift for backscattering
	Device 1, 2a
	A few [1] MHz
	<1uW
<10s uW
	[1~5]% error before calibration.
[This could be calibrated based on freq sync signal.]

	Clock 3

	Reference clock for generating carrier frequency for active device.
	Device 2b
	A few [1] MHz
	10s ~ 100 uW
	[1~5]% before calibration (by frequency sync signal)
After calibration target: [50]ppm




Energy Harvester: Misc
Related Proposals	
Nokia
[bookmark: Observation66548]Observation 1: It is feasible to consider small form factor Ambient IoT devices with carrier wave RF energy harvesting in parallel with D2R backscatter modulation.
[bookmark: Observation66549]Observation 2: For dual RF carrier wave applications it is feasible to design Ambient IoT devices for RF energy harvesting in parallel with D2R backscatter modulation using a single resonance antenna design. 

Samsung
Proposal 7: From RAN1 study point of view, it is assumed that a device has a sufficient power to communicate.

[High] Device Wake Up: Sequence detector/Power Detector

Based on following RAN#103 agreement, 
· The potential impact of energy harvesting on device availability for transmission and reception procedures can be considered for the study
· One device’s charging by energy harvesting can be assumed up to several tens of seconds
· Note: this value can be revisited in future RAN plenary meetings, if necessary

RAN1 is supposed to study energy harvesting impact on device availability for tx and rx. One aspect to consider device wake up. If device wake up is not done carefully, device will end up spending energy very quickly and have to enter EH state, resulting in no response to inventory request.
Reserved
Reserved
3rd round Discussion
FL Proposal 17.3 Further study the impact of RF energy harvesting on device availability for transmission and reception procedure in following aspects.
· Device wake-up mechanisms including power detection mechanism, sequence detection mechanism, etc
· Feasibility of wake-up mechanisms for device 1, 2a, 2b
· Required additional component blocks
· Complexity
· Power consumption
· Device power state

Please provide brief comments to this topic, if any.
	Company
	Comment

	OPPO
	It also could assume power consumption rates and duration for the communication.




Related Proposals

CMCC
	Correlator, 
Device 1
	Complex signal processing in digital domain for preamble correlation operation might be restricted for ~1uW peak power consumption.

	Correlator, 
Device 2
	Digital domain sequence correlation is feasible.



HW
Observation 5: The signal processing involving a certain number of e.g. multipliers or a large number of e.g. adders in conventional 3GPP devices, such as sequence correlation, is assumed to be not supported by Device 1.

QC 
Proposal 11: Support power detector for Device 1 operation.
Proposal 12: Support sequence detector for Device 2a/2b.

Nokia
[bookmark: Proposal47044]Proposal 2: For Ambient IoT device implementations with D2R receiver power up via RF power detector some level of frequency selectivity in the RF power detector path should be considered to minimize false receiver power up occurrences triggered by random radio signals.

Comparator & ADC
Related Proposals
E///
Proposal 3	For Device 1, a 2-bit ADC, with only a slightly higher power consumption compared to comparator, would be preferable due to non-idealities such as drifting offset caused by Flicker noise and temperature variations.
Proposal 6	For Device 2a, a 2- or 4-bit ADC would be preferable instead of a comparator.

Memory



Related Proposals
CMCC
	
	Device 1
	Device 2a

	Registers, e.g. RAM
	- The memory is not kept when power off.
- FFS size.
	- The memory is not kept when power off.
- FFS size.

	Non-Volatile Memory, e.g., EPROM
	- More power consumption is needed for an write operation.
- Limited number of write operation in life cycle.
	Better capacity than device 1. No constraint to read and write.



E///
Proposal 13	Discuss whether RAN1 should study aspects related to memory (e.g., size, type, refresh time, energy consumption, etc.) of an Ambient IoT device.

HW
Observation 8: For the non-volatile memory in Device 1, the writing operation is expected to consume higher power than reading, and with long latency.
Proposal 19: The study item assumes no buffering beyond a small block size e.g. 100 bits or more to be supported by Ambient IoT device.

Nokia
[bookmark: Proposal47046]Proposal 4: For lowest device power consumption it is proposed for the Ambient IoT device to default power fully down (no state preservation assumed) unless instructed otherwise by the R2D activation configuration.

Spreadtrum
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 11: For ambient IoT devices, the determination of the size of NVM and supported operation modes should consider the cost, power consumption, and requirements.
Proposal 12: For ambient IoT device, both non-volatile memory and registers are supported.

Honor
Observation 7: The design of memory depends on the application scenario requirements.
Proposal 7: Deprioritize memory study and recommend research in WI.

TCL
Proposal 8 Discuss different memory ability including fixed data and buffering data for device 1/2a/2b. For device 2b, volatile with larger memory ability or NVM could be supported for storing device ID or temporary ID.

QC
Observation 11: Power consumption for reading NVM is reasonably small for all device types.
Modulation Factor / Modulation Loss / Reflection Loss
Related Proposals
HW
Proposal 14: For Device 1, the reflection loss of backscatter modulator is assumed to be 6 dB and 0 dB for OOK and BPSK, respectively.

Multi-band support
Related Proposals
DCM
Proposal 4: Discuss whether A-IoT device is capable of different spectrum for R2D, carrier wave and D2R depending on the deployment scenario/topology.
· Discuss how A-IoT device can identify the frequency location of initial R2D reception, e.g., sync-raster concept in NR.
Honor
Proposal 4: Further study the requirements and impact of interference suppression and multi-band support on the matching network.

Other Topics

Xiaomi
Proposal 4: RAN1 should focus on the discussion of hardware complexity for A-IoT device architectures, if need.
Proposal 6: To evaluate power consumption, the most power hungry components the A-IoT device needs to be addressed in the discussion based on the blocks in architectures, and a universally applicable method should be studied, if need.

Lenovo
Proposal 9: Evaluate the power consumption of the Ambient IoT device within a inventory round considering duty cycle-based operation, 
· Periodic Rx and synchronization 
· Minimum sleep state to maintain the RAM memory 
· Tx operation for transmitting random access and EPC ID
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Appendix A: Company Proposals from Contributions
Ericsson
Observation 1	Implementing BPSK for the transmitter of Device 2a will increase the size of the device due to the low frequency.
Observation 2	For Device 2a, zero-IF architecture is a good trade-off in terms of performance, size and cost if DC offset is not critical.
Observation 3	SSD modulator can be beneficial in Device 2a where higher power is available compared to Device 1.
Observation 4	When harvesting at higher RF frequencies than 1 GHz, the matching network between antenna and rectifier may be omitted to reduce losses and improve harvesting sensitivity.
Observation 5	A high Q antenna that is directly matched to the rectifier may be preferable for RF energy harvesting.
Observation 6	A bandpass filter is preferable to be used after the antenna since the antenna bandwidth should cover both the uplink and downlink bands.
Observation 7	In the literature, the harvester sensitivity is defined as: “The minimum signal available at the antenna reference plane to allow the rectifier to generate 1V DC at the output”.
Observation 8	In literature, for 900 MHz band, the power conversion efficiencies (at the harvester sensitivity levels) ranging between 5% and 22% are reported.

Based on the discussion in the previous sections, we propose the following:
Proposal 1	The energy storage size can be different for different device types.
Proposal 2	Discuss whether RAN1 should include the size of energy storage in the scope of the Rel-19 SI.
Proposal 3	For Device 1, a 2-bit ADC, with only a slightly higher power consumption compared to comparator, would be preferable due to non-idealities such as drifting offset caused by Flicker noise and temperature variations.
Proposal 4	For Device 1, the expected Tx power consumption of OOK, BPSK, and binary FSK would be roughly the same and about 2-4 μW.
Proposal 5	For Device 1, the expected Rx power consumption would be roughly 2-7 μW.
Proposal 6	For Device 2a, a 2- or 4-bit ADC would be preferable instead of a comparator.
Proposal 7	For Device 2a, The Tx power consumption is ~145 μW, and the Rx power consumption is ~100 μW.
Proposal 8	A zero-IF Rx architecture may be more suitable for Device 2a.
Proposal 9	Agree to the following observation: reflection amplifiers can easily become unstable when high gain is required.
Proposal 10	Agree to the following observation: large frequency shift may not be feasible in Device 1 due to limited power budget. However, it could be feasible for Device 2a, if a higher power budget is available.
Proposal 11	A zero-IF and/or a low-IF Rx architecture can be considered for Device 2b.
Proposal 12	For Device 2b, The Tx power consumption is ~300-500 μW, and the Rx power consumption is ~220 μW.
Proposal 13	Discuss whether RAN1 should study aspects related to memory (e.g., size, type, refresh time, energy consumption, etc.) of an Ambient IoT device.

TCL
Observation 1: The received power for AIoT device will reduce to below 10uW when distance>20m at 910MHz.

Observation 2: It can be observed RF energy source at least is supported for device 1 and no any definition for device 2a.
Observation 3: For device 2b, RF-ED can be used for signal detection and support LNA/N bit ADC, which is similar the receiver architecture of device 2a. Meanwhile, IF/ZIF-ED also can be used for device 2b.

Observation 4: RF BPF and BB LPF have been agreed with the receiver architectures for device 1 and device 2a. RF/IF/ZIF-ED have been discussed for device 2b in RAN 1#116.

Observation 5 Device 1 and device 2a have different memory ability to achieve data storage including device ID, temporary ID and local ID. 

Observation 6: 
· Tunnel diode has the advantage of low-power, and the gain is the range of 10-25dB when CW frequency is 900MHz. 
· CMOS/transistor has the advantage of high stability and right cost, and the power consumption is within a few hundred μW.

Observation 7: From the FL summary in 9.4.2.4, we discover that the D2R spectrum is same as CW spectrum whatever topology 1 or 2 in last discussion. 

Observation 8: Ring oscillator has the characteristic of ultra-low power consumption, e.g., <500nW.

Observation 9: For device 2b, PLL with high power consumption (e.g., >1mW) is not sure whether can be used for device 2b in this stage. FLL with lower power consumption may be used to replace PLL.

Observation 10: For device 3, it does not seem like there will be significant changes to the physical layer. 

Proposal 1: PMU like MPPT can be used for the matching between antenna impedance and harvester impedance to maximize the extracted power.

Proposal 2: The configuration of inside/outside CW node including CW frequency/bandwidth/space distance for different AIoT device types needs to be considered for performance evaluation. 

Proposal 3: RF energy is necessary for device 1/2a/2b, and solar/thermal/vibration should be considered for device 2a/2b.
Proposal 4: For the receiver architecture of device 2b, RF-ED, IF-ED, ZIF-ED can be considered.
Observation 4: RF BPF and BB LPF have been agreed with the receiver architectures for device 1 and device 2a. RF/IF/ZIF-ED have been discussed for device 2b in RAN 1#116.

Proposal 5: If IF-ED is used for receiver architecture of device 2b, RF/IF/BB filter should be considered. If RF-ED/ZIF-ED is used for receiver architecture of device 2b, RF/ BB filter should be considered.

Proposal 6: The passband bandwidth Bpass, R2D and order of filter should be suitable for the defined transmission bandwidth Btx,R2D and occupied bandwidth BOCC,R2D, e.g., BOCC,R2D >= Bpass, R2D >= Btx,R2D or Bpass, R2D >= BOCC,R2D >= Btx,R2D.

Proposal 7: RF filter with adjustable bandwidth is difficult to be configurated for AIoT device 1/2a/2b, thus, FDM(A) should not be supported in DL random access.

Proposal 8 Discuss different memory ability including fixed data and buffering data for device 1/2a/2b. For device 2b, volatile with larger memory ability or NVM could be supported for storing device ID or temporary ID.

Proposal 9: The gain of reflection amplifier can be set within 10~25dB for 900MHz center frequency.

Proposal 10: Discuss the D2R spectrum based on the agreement CW spectrum if frequency shifter is used for device 2a.

Proposal 11: Study and discuss the function and feasibility of ring oscillator as large frequency shifter for device 2a.

Proposal 12: Discuss and study the necessity of studying mirror signal suppression and consider the impact of unwanted mirror signal or mirror harmonic on RAN 1 and RAN4.

Proposal 13: BPSK for Tx modulation should be supported for future research and discussion.
Proposal 14: 2FSK should not be supported for device 1 and device 2a because of the larger power consumption, larger return loss and possible aliasing performance between different bit information.

Proposal 15: N bit ADC can be used for RF/ZIF/IF-ED of device 2b.

Proposal 16: Discuss whether SC-OFDM can be used for device 2b based on low power consumption DFT/IFFT.

Proposal 17:
· The same LO should be considered for receiver and transmitter of device 2b.
· PLL should not be decided in this stage and no need to remark in architecture figure. Other type LO(s) with lower power consumption like FLL could be considered to replace PLL.

Proposal 18: Discuss whether or not the RF BPF at transmitter for device 2b is needed to filter the intermodulation/harmonic components from PA and additional phase noise

Huawei
Proposal 1: The study does not assume reflection amplifier to be used for the amplification of R2D signal, which can be regarded as optional implementation optimization.
Proposal 2: Remove the FFS on reflection amplifier, and also remove the sub-bullet corresponding to reflection amplifier, i.e.
· 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.
Proposal 3: Remove the FFS on LNA, and also remove the sub-bullet corresponding to LNA, i.e.
· 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.
Proposal 4: Remove the FFS on large frequency shifter, and add an note, i.e.
· 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).
· There can be impact on the out-of-band emission performance of D2R transmission due to the leaked image signal and harmonic signal during large frequency shifting.
Proposal 4: Remove the “large frequency shifter” from the architecture of Device 2a.
Proposal 5: The  benefit of the combination of backscattering based transmitter and IF-ED or ZIF receiver needs to be clarified.
Proposal 6: Capture the architecture of Device 2b with RF-ED receiver in Figure 1 into TR, with the following basic blocks / components for the transmitter based on internal carrier-wave generation.
· 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, modulator, 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).
· RF local oscillator (LO) generates local RF carrier-wave.
· 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.
· LNA for improving signal strength and sensitivity of receiver.
· 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
· DAC converts digital signal to analog signal.
· Mixer converts BB signal to RF signal.
· Power amplifier amplifies RF signal (if present).
Proposal 7: Capture the architecture of Device 2b with IF-ED receiver in Figure 2 into TR, with the following basic blocks / components for the transmitter based on internal carrier-wave generation.
· 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, modulator, 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).
· RF local oscillator (LO) generates local RF carrier-wave.
· 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.
· LNA for improving signal strength and sensitivity of receiver.
· Mixer converts RF signal to IF signal.
· IF amplifier amplifies IF signal to improve signal strength.
· IF BPF filter for improving selectivity.
· IF envelope detector (IF ED) detects envelope from IF signal.
· 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
· DAC converts digital signal to analog signal.
· Mixer converts BB signal to RF signal.
· Power amplifier amplifies RF signal (if present).
Proposal 8: Capture the architecture of Device 2b with ZIF receiver in Figure 3 into TR, with the following basic blocks / components for the transmitter based on internal carrier-wave generation.
· 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, modulator, 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).
· RF local oscillator (LO) generates local RF carrier-wave.
· 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.
· LNA for improving signal strength and sensitivity of receiver.
· Mixer converts RF signal to BB 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
· DAC converts digital signal to analog signal.
· Mixer converts BB signal to RF signal.
· Power amplifier amplifies RF signal (if present).
Proposal 9: If Device 2a with IF-ED or ZIF receiver is justified, the “RF local oscillator” and the corresponding “Reception related blocks” of Device 2b with IF-ED or ZIF receiver can be copied to those architectures, respectively, together with the other parts of Device 2a.
Proposal 10: The harmonized air interface design for R2D transmission should enable Ambient IoT device to use RF Envelope detection for receiving.
Proposal 11: The harmonized air interface design for D2R transmission should enable Ambient IoT device to use backscatter modulation for transmitting.
Proposal 12: For Ambient IoT device based on RF envelope detection, the receiver sensitivity can be reported per company by inspection of reference implementations in the field.
· For Device 1, the receiver sensitivity is assumed to be ≤ -40 dBm.
· For Device 2 with RF-ED receiver, the receiver sensitivity is assumed to be ≤ -46 dBm.
Proposal 13: For Device 2 with IF-ED or ZIF receiver, the receiver sensitivity is can be calculated based on a noise figure of e.g. 24 dB.
Proposal 14: For Device 1, the reflection loss of backscatter modulator is assumed to be 6 dB and 0 dB for OOK and BPSK, respectively.
Proposal 15: For Device 2a, the power gain of reflection amplifier is assumed to be ≥10 dB.
Proposal 16: For Device 2b, the maximum transmit power is assumed to be -10 dBm or -20 dBm.
Proposal 17: For Device 1, the clock frequency is required to be sufficiently low (e.g., ≤1.92 MHz) to reach required power consumption.
Proposal 18: A maximum initial sampling frequency offset of 105 ppm is assumed for Ambient IoT device i.e., X = 5.
Proposal 19: The study item assumes no buffering beyond a small block size e.g. 100 bits or more to be supported by Ambient IoT device.
Proposal 20: Rate-matching and interleaving are assumed to be not supported by Ambient IoT devices.

Observation 1: The power consumption of reflection amplifier can reach a few 100 µW (e.g., 300~400 µW), depending on detailed technical principle and implementation.
Observation 2: The ultra-low power RF power amplifier (e.g., LNA), with power consumption usually several 10 µW or few 100 µW, together with baseband amplifier, can improve the receiver sensitivity of Device 2a compared to Device 1.
Observation 3: Though theoretically feasible, the practical applicability of the large frequency shifter is uncertain.
Observation 4: For Device 2b, the inaccurate frequency of internal carrier-wave may lead to low spectrum efficiency for D2R transmission.
Observation 5: In ISO 18000-6C UHF RFID, the frequency tolerance for sampling clock is 0.5~2.2×105 ppm, depending on the transmission bandwidth of backscattered signal.
Observation 6: Device 1 is expected to only support non-volatile memory of a few kilo-bits, with additional registers of a few ten bits.
Observation 7: Device 1 cannot support buffering a transport block or some intermediate data beyond a small size (e.g., 100 bits or more).
Observation 8: For the non-volatile memory in Device 1, the writing operation is expected to consume higher power than reading, and with long latency.


Futurewei

Observation 1: In the RAN1 agreement, the terminology of Device 2 is not in line with the revised terminology in the SID.
Proposal 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.


Observation 2: In the RAN agreement, the study of design of energy harvesting signal/waveform is out of SI scope in Rel-19. 
Proposal 2: RAN1 should not further discuss technical design of energy harvesting signal/waveform for Device 1, Device 2a, and Device 2b.
Proposal 3: RAN1 adopts and studies the architecture for Device 2a with IF envelope detector and zero IF receivers as shown in Figures 1 and 2.
Observation 3: The carrier frequency used for D2R signal (or channel, e.g., PDRCH) transmission is internally (or locally) generated by Device 2b instead of provided externally. 
Proposal 4: Device 2b should operate in the FDD mode in the NR FR1 licensed spectrum for Topologies 1 and 2:
· Device 2b transmits a D2R signal or channel (e.g., PDRCH) using an internally generated carrier frequency in the uplink FDD band, and
· Device 2b receives an R2D signal or channel (e.g., PRDCH) on a carrier frequency in the downlink FDD band.
Proposal 5: RAN1 adopts and studies the architectures for Device 2b with RF envelope detector, IF envelope detector and zero IF in Figures 3, 4 and 5.

Nokia, Nokia Shanghai Bell

Observation 1: It is feasible to consider small form factor Ambient IoT devices with carrier wave RF energy harvesting in parallel with D2R backscatter modulation.
Observation 2: For dual RF carrier wave applications it is feasible to design Ambient IoT devices for RF energy harvesting in parallel with D2R backscatter modulation using a single resonance antenna design. 
Proposal 1: Consider the conclusions and recommendations from the 3GPP WUS/WUR study [2]  for similarity and applicability also for the Ambient IoT D2R signal and Ambient IoT device receiver design. 
Proposal 2: For Ambient IoT device implementations with D2R receiver power up via RF power detector some level of frequency selectivity in the RF power detector path should be considered to minimize false receiver power up occurrences triggered by random radio signals.
Proposal 3: The carrier wave signal to be under network control and synchronized with the D2R signal generation to enable interference avoidance by timing and associated simple low cost ambient IoT device implementation. 
Proposal 4: For lowest device power consumption it is proposed for the Ambient IoT device to default power fully down (no state preservation assumed) unless instructed otherwise by the R2D activation configuration.
Proposal 5: For type 2 ambient IoT devices, support for more than one D2R modulation type should be considered for dynamic optimization of CW2D/R2D harvesting and R2D signal SNR benefits. The D2R modulation type can be configured via R2D signalling.
Proposal 6: For type 2a Ambient IoT devices with reflection amplifier block, it is proposed to include mechanisms that allow for reflection gain activation, deactivation, gain selection, and passive backscatter fallback, to prevent D2R signal distortion or interference from instable reflection amplifier operation.
Proposal 7: Analyze if the Ambient IoT device should include RF and/or baseband amplification for the R2D reception blocks, considering total noise figure, sensitivity, and power consumption.
Proposal 8: Clarify availability of small frequency shift (e.g. up to 100kHz) for interference mitigation in addition to large frequency shift.
Proposal 9: Study the options of DSB and SSB frequency shifting, including SNR aspects, spectrum occupancy, and device complexity to perform SSB backscatter modulation.
Observation 3: For lowest power consumption an Ambient IoT receiver cannot be always powered up for R2D monitoring. As such Ambient IoT receiver power up may be triggered by RF power detection which may have a higher power threshold than what is required for subsequent reception and decoding of R2D payload data. 
Proposal 10: Distinguish/separate definitions of device power-up threshold and receiver sensitivity in the RAN1 study. 

Spreadtrum Communications, SGITG

Proposal 1: From device architecture complexity perspective, at least the OOK modulator should be considered for Device 1.
Proposal 2: The advanced blocks/components (e.g., envelope detector, comparator/ADC, and clock circuit) with better performance can be considered in Device 2 compared with Device 1.
Proposal 3: LNA and reflection amplifier can be used respectively in the receiver and transmitter branch of Device 2a.
Proposal 4: Capture the device 2a architecture with Zero-IF ED in Figure 1 in TR. FFS for IF ED receiver for device 2a.
Proposal 5: Capture the device 2b architectures with RF ED in Figure 2 and Zero-IF ED in Figure 3 in TR. FFS for IF ED receiver for device 2b.
Proposal 6:  Capture the power consumption for ambient IoT device in Table 2 in TR.
Proposal 7: A single antenna used for both communication and energy harvesting should be a basic assumption for ambient IoT devices.
Proposal 8: For Device 1, the initial sampling frequency offset (SFO) up to 10X ppm, where X = 4 or 5.
Observation 1: The initial sampling frequency offset (SFO) of Device 2a/2b is smaller than that of Device 1.
Proposal 9: Small frequency shift should be supported for Device 1 and 2a.
Proposal 10: Large frequency shift should be supported for Device 2a.
Proposal 11: For ambient IoT devices, the determination of the size of NVM and supported operation modes should consider the cost, power consumption, and requirements.
Proposal 12: For ambient IoT device, both non-volatile memory and registers are supported.

ZTE

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.
Proposal 5: ZIF receiver and the above architecture can be adopted for Device 2b.


vivo

Proposal 1: Study device 2a with IF-ED receiver with at least the 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).
· Ambient 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).
· Reception related blocks
· RF BPF filter for improving selectivity.
· LNA for improving signal strength and sensitivity of receiver.
· Mixer can convert RF signal into IF signal with LO  
· IF envelope detector detects envelope from IF 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.
· Comparator or N-bit ADC
· Transmission related blocks
· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics.
· Reflection amplifier can amplify reflected backscattered signal.
Proposal 2: Study device 2a with Zero-IF receiver with at least the 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).
· Ambient 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).
· Reception related blocks
· RF BPF filter for improving selectivity.
· LNA for improving signal strength and sensitivity of receiver.
· Mixer can convert RF signal into Zero-IF signal with LO
· 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.
· Comparator or N-bit ADC
· Transmission related blocks
· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics.
· Reflection amplifier can amplify reflected backscattered signal.

Proposal 3: Power gain on reflection amplifier can be [10-15 dB].
Proposal 4: Device 2b with RF-ED receiver may be not reasonable device architecture due to mismatch between coverage of UL and DL.
Proposal 5: Study device 2b with IF-ED receiver with at least the 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).
· Ambient 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).
· Reception related blocks
· RF BPF filter for improving selectivity.
· LNA for improving signal strength and sensitivity of receiver.
· Mixer can convert RF signal into IF signal with LO
· IF envelope detector detects envelope from IF 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.
· Comparator or N-bit ADC
· Transmission related blocks
· Power amplifier can provide large gain with higher power consumption.
· UL transmission is generated internally 
Proposal 6: Study device 2b with Zero-IF receiver with at least the 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).
· Ambient 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).
· Reception related blocks
· RF BPF filter for improving selectivity.
· LNA for improving signal strength and sensitivity of receiver.
· Mixer can convert RF signal into Zero-IF signal with LO 
· 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.
· Comparator or N-bit ADC
· Transmission related blocks
· Power amplifier can provide large gain with higher power consumption.
· UL transmission is generated internally

Proposal 7: For study purpose, define the RF-DC energy conversion efficiency under different RF input power and signal frequency bands (with prioritization of FDD band) for A-IoT device, Table 1 can be used as starting point.
Proposal 8: Given the extremely long time for RF energy harvesting, and limited sustainable time for Tx/Rx operation, the RF energy harvesting is not considered for device 2.

Observation 1: When reflection amplifier is based on transistor or tunnel diode, the power consumption can be satisfied with design target of device 2a. And reflection amplifier can be used for both UL and DL.
Observation 2: Large frequency shifter cannot be supported by 1uw device.
Observation 3: Even with mirror interference suppression, some frequency components for higher order harmonics cannot be suppressed.
· The harmonics can easily fall out of the operator’s spectrum with large frequency shift.
· Whether higher order harmonics can fulfil spurious requirements should be carefully studied by RAN4.

Observation 4: If the carrier wave is transmitted on frequency different from fc, which is the target frequency tag optimized for mirror interference mitigation, the amount of suppression may be largely degraded.
Observation 5: It is feasible to suppress frequency spectrum outside matching bandwidth of the matching network.
· The actual capability to suppress out-of-band frequency can be further studied.
Observation 6: If narrow bandwidth matching network or narrow bandwidth RF filter bandwidth can be implemented, CW and R2D transmission should be limited within the bandwidth to ensure receiving DL command and RF energy harvesting, which will decrease deployment flexibility of network.
Observation 7: The RF-DC conversion efficiency in single diode rectifier based AIoT device is a nonlinear function of the average RF input power and signal frequency.
Observation 8: The energy storage time based on RF energy harvesting increases linearly with the capacitance size, and decreases nonlinearly with the RF input power. 
Observation 9: When the AIoT device operates with 1uW power consumption, a 500nF capacitor is sufficient. However, if the AIoT device power consumption is high, e.g., 100uW power consumption, a capacitor with a capacitance size more than 1uF is required.
Observation 10: Extremely long time duration for RF energy harvesting required for Tx/Rx operation sustainable for only a few tens of milliseconds under 100uw power consumption for AIoT device. E.g., about 150 seconds required for Tx/Rx for only 25ms.

Oppo
Proposal 1: Small frequency shift with an offset of 100’s kHz is considered for Device 1, FFS small frequency shift with multiple controllable shifting offsets.
Proposal 2: Large frequency shift with an offset of 10’s MHz is not considered for Device 1.
Proposal 3: SFO of device 1 is 10^4~10^5 ppm.
Proposal 4: The RF harvesting module can be included in the architecture of Device 2a/2b. The evaluation introducing minimal harvesting power of [-25dBm] with [10%] efficiency.
Proposal 5: For Device 2a/2b:
•	All 3 receiver types are supported: RF envelope detector (w/o LO), Heterodyne RX, and homodyne RX. 
•	Less than or equal to 1000 ppm for SFO is assumed. 
•	The Device explicitly listed as ~500µW for peak power consumption.
Proposal 6: Receiver of Device 2a/b can introduce 1 or 2 level of LNA for enhancing the sensitivity. The overall signal amplification can be considered as 15~20dB.
Proposal 7: For the Backscatter of Device 2a, small frequency shifting (<1 MHz) can be supported. The device can introduce LNA in the backscattering chain.
Proposal 8: For the active transmitter of Device 2b, it should include a LO and optionally LNA or PA.


CATT
Proposal 1: The physical channel/signals and procedure and higher layer control function should have common design for all Ambient-IoT devices. Additional components for signal generation and transmission components should be supported for Device 2b.
Proposal 2: 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 range is from -18.5dBm to -42.5dBm based on the Free-space propagation model, which is a challenge for larger coverage distances.
Proposal 3: The feasibility and benefits of including BPF and/or LPF in A-IoT architecture need to be studied with the consideration of A-IoT requirements on bandwidth, frequency, power consumption, cost, and size.
Proposal 4: 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 5: The feasibility and the benefits to include LNA in Device 2a/2b needs to be carefully considered.
Proposal 6: The composition of backscatter/transmitter components in A-IoT devices should be strictly limited, considering that signal converters require more components and higher power, especially for Device 2a/b.
Observation 2: 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, and limit power consumption.


Samsung
Observation 1: A study of energy harvesting signal/waveform design is out of the SI scope as it was clarified in RAN #103.
Observation 2: Defining or calculating a charging time or device duty cycle is either meaningless or infeasible.
Proposal 1: Clarify that defining or calculating a charging time or device duty cycle is out of RAN1 study scope. 
Proposal 2: At least for device 1, the CW shall be directly provisioned at the backscattering frequency regardless of deployment scenarios or topologies. 
Observation 3: It is evidenced from current implementations that a single antenna for both communication and RF energy harvesting is feasible.
Proposal 3: RAN1 study to assume a single antenna for both communication and RF energy harvesting. 
Observation 4: It does not appeal much to commercialize device 2a with heterodyne or homodyne receivers by adding LO and frequency mixer only for the transmitter chain, in terms of the device cost and use cases.
Proposal 4: RAN1 study to prioritize device 2a with RF-ED and deprioritize other receiver architectures, i.e., IF-ED or baseband detection.         
Proposal 5: For RAN1 study purpose, both possibilities of reflection amplifier, i.e., one-way amplification for transmission and two-way amplification for both transmission and reception, can be assumed. 
Observation 5: The need of a frequency shifter is subject to each operator’s deployment plan which may be further dependent on regional regulations and other factors.
Proposal 6: For device 2a, RAN1 study to assume both scenarios in which a frequency shifter is present and absent to leave the choice to each operator according to their deployment preference. 
Observation 6: When a frequency shifter is assumed, an additional power consumption and an image rejection filter need to be considered.
Observation 7: It is either unnecessary or infeasible to formulate a charging time or duty cycle of a device, unless each and every specific renewable energy sources are investigated.
Proposal 7: From RAN1 study point of view, it is assumed that a device has a sufficient power to communicate. 
Proposal 8: Study device 2b architecture based on RF-ED as described in Figure 3.  
Observation 8: Device 2b architectures with IF and BB envelop detection need to be compared in terms of the implementation complexity/cost and the achievable benefits.  
Proposal 9: RAN1 to study device 2b architecture based on IF and BB detection in terms of the implementation complexity/cost and the achievable benefits.


China Telecom
Proposal 1: For RAN1 study purpose, it can consider RF energy source for A-IoT Device 1 as baseline.
· This does not preclude other energy sources (solar, vibration, thermal, etc) in Rel-19 study.
Proposal 2: Further study whether only RF energy source can be applicable for A-IoT Device 2.
Proposal 3: Study the following device Tx modulator architectures in terms of power, complexity, cost, etc for different device types.
· OOK as baseline.
· FFS: PSK, FSK, other modulators are not precluded.
· Note: further check the alignment with AI 9.4.2.1.
Proposal 4: Support LNA as an optional block if the necessity is identified for Device 2a with RF-ED receiver.
Proposal 5: Support frequency shifter instead of large frequency shifter as an optional block for Device 2a with RF-ED receiver.
· Further study on large frequency shifter (e.g., tens of MHz) and small frequency shifter (e.g., tens of kHz) with feasibility identification.
Proposal 6: Deprioritize Device 2b architecture for the sake of SI progress.
· The harmonized design in SID should be taken into consideration for Device 2b architecture design.
Proposal 7: Generally, support FL Proposal 10.1.2 with further discussion on the remaining FFS.


CMCC

Proposal 1: Table 1 in R-2402566 is used for further study of device 1 architecture.
Proposal 2: Table 2 in R-2402566 is used for further study of device 2a architecture.
· with both downlink and uplink amplifier with 10-15dB.
· RF ED is considered for device 2a. IF and ZIF ED is not pursued for device 2a.
Proposal 3: RF ED for device 2b is preferred for device 2b. IF/ZIF ED is not pursued.
Proposal 4: Table 3 in R1-2402566 is used for further study.
Table 3. Summary of the assumptions for ambient IoT devices.
	
	Device 1
	Device 2a
	Device 2b

	Receiver Sensitivity
	-36dBm
	-45dBm
	Depending on device architecture

	DL amplifier
	No
	Yes, ~10dB
	Yes, ~10dB

	UL amplifier
	No
	Yes, 10-15dB
	N/A

	SFO and sampling freq
	Harmonized design assuming 104 ~ 105 ppm, and 1.92Msps

	Energy Storage
	~1uF
	~10uF
	

	Power 
	~1uW
	~100uW
	Several hundreds uW

	Energy Harvester
	-30dBm to fully charge capacitor in 10s
	-23dBm to fully charge capacitor in 10s
	





Xiaomi
· Clarify energy storage in A-IoT devices
Observation 1: From perspective of UL transmission, the device 2b supporting actively transmitting UL signals can be referred to as an active device, while the device 1 and device 2a solely capable of backscattering on a carrier wave can be referred to as a passive device.
Observation 2: The inclusion of battery-based energy storage in an A-IoT device will result in increased device costs and added complexity during implementation.
Observation 3: A structure with a battery is detrimental to the life of A-IoT device and defeats the original purpose for which ambient IoT for NR was designed.
Proposal 1: RAN1 should clarify whether A-IoT device has energy storage based on a battery.
Proposal 2: If the structure with a battery is included in Rel-19 study item, it should be de-prioritized.
· Complexity and power consumption
Observation 4: At this stage, there is a lack of available conditions for assessing the implementation complexity and power consumption of the A-IoT device.
Observation 5: High implementation complexity often leads to increased product costs.
Observation 6: Reducing hardware design complexity can help mitigate the requirement for complex algorithms to some extent.
Proposal 3: The evaluation on complexity and power consumption should be addressed subsequent to further clarification of the technical proposal.
Proposal 4: RAN1 should focus on the discussion of hardware complexity for A-IoT device architectures, if need.
Proposal 5: A universally applicable method should be studied for evaluating complexity, if need.
Proposal 6: To evaluate power consumption, the most power hungry components the A-IoT device needs to be addressed in the discussion based on the blocks in architectures, and a universally applicable method should be studied, if need.
· Remaining issues for architectures
Observation 7: A-IoT devices with LNA will have better performance of downlink coverage, providing broader coverage for inventory services.
Observation 8: Reducing hardware design complexity can help mitigate the requirement for complex algorithms to some extent.
Observation 9: The support for frequency shifter in device2a will significantly enhance the flexibility of gNB scheduling, thereby improving spectrum utilization and inventory efficiency.
Proposal 7: LNA should be supported in device 2a without higher than peak power conditions.
Proposal 8: RAN1 should support frequency shifter at least in device2a for better spectrum utilization and inventory efficiency.
Proposal 9: Further study the feasibility of reflection amplifier in terms of feasible amplification gain, its applicability to reception and/or backscattering, power consumption, power, etc.
· Companies are encouraged to provide related assumptions, references, etc, if any.
· At least the following cases that need to be discussed:
· backscattering amplification of device 2a
· downlink transmission amplification
uplink transmission of device 2b
Proposal 10: Within the permissible peak power range, further study how to improve selectivity of device, e.g., feasibility of RF BPF, BB filter, antenna selectivity, etc.
Proposal 11: Tx modulator architectures of devices could be addressed subsequent to the determination of the waveform.
Proposal 12: Following initial SFO accuracy is assumed for the sampling clocks of device types.
	
	Device 1
	Device 2

	initial SFO up to 10X ppm
	X= [4, 5]
	X=[3,4]


Proposal 13: The shared blocks between device 2a and device 2b, such as the frequency shifter and LNA, can be collectively discussed to facilitate decision-making in order to streamline workload.
Proposal 14: Study at least following blocks for device 2b 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).
· Amplifier can amplify transmitted signal.
· FFS study power consumption.
· At least D2R could be amplified by amplifier.
· 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
· Modulator transforms the baseband signal into a modulated signal.
· DAC transforms a discrete digital signal into a continuous analog signal.
· Mixer converts the frequency of the modulated signal to the appropriate frequency.
· LO generates a stable sinusoidal signal.
· FFS: PA 
· FFS: RF BPF




Honor
Observation 1: The complex deployment scenarios of Ambient IoT require better RF components to meet the requirements.
Observation 2: The coverage design target range is large, and the relationship with the receiver architecture cannot be directly determined.
Observation 3: The power consumption requirements of Ambient IoT devices are similar to those of RFID device.
Observation 4: The interference suppression of adjacent channels will increase the complexity and performance requirements of the matching network, thereby increasing the cost.
Observation 5: Interference suppression within the system will also increase the complexity and performance requirements of the matching network, thereby increasing costs.
Observation 6: Supporting multiple frequency bands may require multiple matching networks, increasing complexity and cost.
Observation 7: The design of memory depends on the application scenario requirements.
Observation 8: Supporting frequency shifting can at least provide benefits such as simplified design, support for FDMA, and reduced interference.

Proposal 1: Discuss the architecture of Ambient device with reference to the architecture of RFID device.
Proposal 2：The device 2b architecture includes at least the following basic modules: Antenna, Matching network, Energy harvester, Energy storage, Power management unit, Digital baseband logic, Memory, Clock generator, Reception related blocks and Transmission related blocks.
Proposal 3: The device only supports the assumption of a single antenna.
Proposal 4: Further study the requirements and impact of interference suppression and multi-band support on the matching network.
Proposal 5: Exclude power supply and management unit from the scope of power consumption and complexity evaluation.
Proposal 6: Discuss whether coverage target is decoupled from signal thresholds for RF harvesting.
Proposal 7: Deprioritize memory study and recommend research in WI.
Proposal 8: Analyze digital BB logic after the coding scheme is roughly determined.
Proposal 9: Prioritize the coverage targets of different devices, and then evaluate the required components.
Proposal 10: Device 2a supports frequency shift-based backscattering.

NEC
Proposal 1: Consider RF-ED architecture as baseline for Device 2a for Rel-19.
Proposal 2: Study RF-ED and IF-ED architecture for Device 2b for Rel-19.
Proposal 3: Capture Figure 1 as RF-ED architecture for Device 2b. RAN1 to further study the following:
· Applicability of RF BPF and LNA
· Type/characteristics of PA
· Whether to support PLL or FLL for LO 
Proposal 4: Capture Figure 2 as IF-ED architecture for Device 2b. RAN1 to further study the following:
· Applicability of RF BPF and LNA
· Type/characteristics of PA
· Whether to support PLL or FLL for LO
Proposal 5: Consider single antenna as baseline for Device 1. Application of separate antennas for energy harvesting and communication can be studied for Device 2a and 2b.
Proposal 6: Consider following as the clock/LO accuracy assumptions for ambient IoT
· Initial SFO of 10^4 ~ 10^5 ppm for Device 1
· Initial SFO of 100 ppm for Device 2a/2b
Proposal 7: Discuss the energy storage requirements for different ambient IoT device types in terms of time duration for which an ambient IoT device can continue its Tx/Rx operation without interruption.
InterDigital
Observation 1: To prevent the adjacent channel interference between the Ambient IoT signals and the NR signals, a RF BPF with high Q-factor may be required. This may increase the cost to the device in terms of power consumption and complexity.
Observation 2: The power of the backscattered signal without amplification decays significantly, limiting the uplink coverage. 
Observation 3: For device type 2b, the power consumption of the active transmitter chain is considerably higher compared to the backscattering transmitters of device type 2a.
Observation 4: The advantage of processing the received signal in IF instead of RF could be bandpass filtering and amplification with lower power consumption.
Observation 5: The problem with processing received signals in baseband can be increased noise compared to IF or RF.
Observation 6: The ambient IoT device may have a significant LO or clock frequency offset and may require synchronization.

Proposal 1: Assess the feasibility of incorporating RF BPF in device type 1, considering the required Q-factor for frequency selectivity and the associated costs. If not feasible, consider alternatives to suppress and/or avoid the adjacent channel interference.
Proposal 2: For device type 2a, prioritize RF BPF and reflection amplifier.
Proposal 3: Provision the CW at the uplink frequency to circumvent the need for a frequency shifter for device type 2a.
Proposal 4: Include at least a modulator, DAC, local oscillator, mixer and amplifier in the description for device type 2b transmitter chain.
Proposal 5: Include at least RF BPF, RF ED, BB amplifier, BB LPF and Comparator in the description for RF ED based receiver for device type 2b.
Proposal 6: Assess the feasibility of and include LNA in the description for RF ED based device type 2b receiver if its power consumption is within the constraints of the device.
Proposal 7: Include at least Mixer, LO, IF BPF, IF amplifier, IF ED, BB LPF and Comparator in the description of IF ED based receiver for device type 2b.
Proposal 8: Deprioritize RF BPF and LNA for IF ED based receiver for device type 2b.
Proposal 9: Include at least LNA, Mixer, LO, BB LPF, BB amplifier and Comparator in the description for ZIF receiver for device type 2b.
Proposal 10: Assess the feasibility of and include RF BPF in ZIF receiver for device type 2b if it is within the power consumption constraints of the device.
Proposal 11: Assess feasibility of PLL or FLL for device type 2b.

Apple
Device type 1 and 2a

Observation 1: For low-complexity backscattering device, activation threshold is an important parameter to determine the link budget, at least for the node emitting the carrier wave

Observation 2: For frequency in the 900MHz band, we can expect to achieve activation threshold in the order of -24dBm, e.g. with CMOS-based technology and multi-stage rectifier circuit

Observation 3: For different frequencies, the activation threshold may vary for the same technology type and rectifier circuit type


Proposal 1: For device type 1, at least for the purpose of our evaluations, we can at least consider activation threshold value of -24dBm

Proposal 2: For device type 2a, at least for the purpose of our evaluations, the baseline activation threshold value of -24dBm can be considered and if justified, additional lower value can be considered as well

Device type 2b

Observation 4: For device type 2b, more complex receiver architecture are possible with higher power consumption, but with better receiver sensitivity in the range of -90dBm

Observation 5: For device type 2b, if the scope for the overall study need to be limited, then similar receiver architecture as for device type 2a may be reasonable for device type 2b, i.e. RF-ED receiver

Observation 6: For device type 2b, considering design targets, especially target coverage range of 10-50 meters, it may be reasonable to have similar receiver architecture as for device type 2a, i.e. RF-ED receiver for type 2b as well


Proposal 3: For device type 2b, only one of the three alternatives discussed in RAN1#116 should be considered

Proposal 4: For device type 2b, RF-ED based receiver architecture should be considered 

Proposal 5: For device type 2b, following architecture should be considered:

[image: ]


MediaTek
Observation 1:	The inclusion of an LNA may not be feasible due to power budget limitations.
Observation 2: 	Device 2b's design with a low-power mixer is feasible and can extend support to a wider range of applications beyond legacy Device 1/2a behavior.
Observation 3: 	for Device 2b, if a mixer is supported, there is no need to consider RF-ED and IF-ED for frequency down-conversion. 
Observation 4: 	Baseband envelope detector (BB-ED) has advantages in on-chip implementation and the support of digital pre-processing for better performance.
Observation 5:	 For device 2b, initial SFO considerations may not accurately reflect operational frequency accuracy post-NW synchronization. 
Based on these observations, we have the following proposals:
Proposal 1: 	No LNA should be included in device 2a. FFS on alternative methods for improving receiver sensitivity and signal strength without compromising the power budget.
Proposal 2: 	A large frequency shifter for Device 2a can be considered with around 10MHz shift, which simplifies the interference management among legacy and A-IoT devices.
Proposal 3:	The activation threshold can be -20 dBm for device 1. Other values are not precluded for devices 2a and 2b, considering different energy sources rather than RF signals.
Proposal 4: 	Device 2b can support a mixer based on the current power consumption budget assumption, and can be used as a large frequency shifter with a low-power FLL.
Proposal 5: 	For device 2b, if a mixer can be supported, BB-ED should be considered for its flexibility of on-chip implementation and digital signal processing.
Proposal 6:	For device 2b, consider using the residual SFO of up to 200 ppm for evaluation rather than the initial SFO of up to 10X ppm.


Sony
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. 

CEWiT
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.


Lenovo
Observation 1: For ED Rx architecture for passive Ambient IoT device the power consumption can range from less than 1 µW to a few µW.
Observation 2: For homodyne Rx architecture the power consumption can range from 60uW to more than 120 µW depending on the required sensitivity at the receiver.
Observation 3: Homodyne Rx architecture for FSK reception with analog 2-FSK modulator can consume more than 380µW [10].
Observation 4: Homodyne Rx architecture for FSK reception with FM to AM detector can consume more than 420µW [12].
Proposal 1: RAN1 evaluates power consumption and performance for passive device type 1 (~1 μW) with a simple RF envelope detector-based architecture considering the different components such as matching network, RF envelope detector circuit, and digital of the part of the device.  
Proposal 2: RAN1 evaluates power consumption and performance for passive device type 2 (Few 100 μW) with RF envelope detector-based architecture considering the different components such as matching network, band pass filter, RF envelope detector circuit and including low power LNA to improve the reception of the signal.
Proposal 3: RAN1 evaluates RF envelope detector-based architecture for active device type 2 (Few 100 μW) considering the different components such as matching network, band pass filter, RF envelope detector circuit, LNA, BB LPF and ADC.
Proposal 4: RAN1 evaluates whether the power consumption of homodyne/zero-IF receiver circuitry for active Ambient IoT device type with amplification for FSK reception meets the target power consumption. 
Proposal 5: RAN1 evaluates whether the power consumption of homodyne/zero-IF receiver circuitry for active Ambient IoT device type with amplification for FSK reception using a FM-AM detector meets the target power consumption. 
Proposal 6: RAN1 evaluates whether the power consumption of transmitter circuitry for passive and passive with amplification Ambient IoT device type meets the target power consumption considering different modulation schemes such as ASK, PSK, M-QAM. 
Proposal 7: RAN1 evaluates whether the power consumption of transmitter circuitry for active Ambient IoT device type meets the target power consumption considering different component in BB and RF such as encoder, modulator, mixer, filter, oscillator, and power amplifier meet the target power requirement. 
Proposal 8: Consider minimum capacitance size and resistance for each device type for evaluating the harvesting time within the inventory round.    
Proposal 9: Evaluate the power consumption of the Ambient IoT device within the inventory round considering duty cycle-based operation, 
· Periodic Rx and synchronization 
· Minimum sleep state to maintain the RAM memory 
· Tx operation for transmitting random access and EPC ID


LGE
Proposal 1: Update the agreement in RAN1#116 on terminologies of device 2a/2b in accordance with the revised SID.
Proposal 2: For AmIoT receiver architectures, study at least ASK/OOK receiver.
· FFS: FSK receiver
Proposal 3: For AmIoT (backscatter) transmitter architectures, study the following modulators:
· ASK/OOK modulator
· PSK modulator
· FSK modulator
Proposal 4: For RAN1 study purpose, consider RF energy harvesting time and its impact on device availability.
Proposal 5: Include in the study the case where different device types have different energy storage sizes.
· FFS: different energy storage sizes for the same device type
· FFS: assumption on the energy storage sizes for each device type/capability
Proposal 6: For AmIoT study, assume RF energy harvesting sensitivity of [30] dBm for all device types (1/2a/2b).
· FFS: if the RF energy harvesting sensitivity can be different depending device types
Proposal 7: Study whether/how to improve frequency selectivity of AmIoT device, e.g., feasibility of RF BPF, BB filter, antenna selectivity, etc.

Qualcomm Incorporated
Proposal 1: Rel-19 A-IoT study purpose, assume that all device types do energy harvesting from RF signal only.
Proposal 2: RAN1 to consider RF energy source inventory evaluation. 
Proposal 3: RAN1 to capture the high-level device architectures for device 2b shown in above figure and description and further study the details of each block.
Proposal 4: RAN1 to further study different backscatter modulation techniques including OOK, PSK, FSK in terms of its impact on device complexity, efficiency, power, etc.
Observation 1: Power consumption for generating tens of MHz clocks for SSB backscattering takes tens of uW.
Proposal 5: Further study the feasibility of single side band (SSB) D2R for device 2a in terms of power and complexity, clock accuracy, etc.
Observation 2: For SSB D2R, the poor accuracy of generated IF frequency at device provides an uncertainty in target tx frequency, potentially lowering spectral efficiency due to large guard band requirement. For example, 1% of 50MHz is 500kHz.
Proposal 6: RAN1 to further study the feasibility of large frequency shift from the perspectives of power, complexity, interference, etc.
Proposal 7: RAN1 to study feasibility of D2R FDM across multiple devices from the perspectives of interference, harmonic cancellation, complexity, etc.
Observation 3: Reflection amplifier requires DC power supply.
Observation 4: There are two types of reflection amplifier; uni-directional (amplify backscatter link only) and bi-directional (amplify both links). 
Observation 5: Using reflection amplifier in D2R changes modulation factor M>1 in D2R.
Proposal: 8: In link budget analysis, capture reflection amplification gain of 10dB for device 2a with modulation loss of 0dB.
Proposal 9: Further study the feasibility of reflection amplifier for device 2a in terms of power consumption, amplification gain, frequency, sensitivity, etc.
Observation 6: Device 1/2a/2b using RFED receiver has communication sensitivity ranges of [-40] ~ [-35]dBm.
Observation 7: Device 2b using mixer-based receiver has communication sensitivity ranges of [-60] ~ [-50]dBm.
Proposal 10: RAN1 to adopt following table as device’s receiver sensitivity for communication.
Observation 8: Ultra-low power wake-up receiver power consumption could be as low as nW level with limited sensitivity.
Proposal 11: Support power detector for Device 1 operation.
Proposal 12: Support sequence detector for Device 2a/2b.
Observation 9: Sensitivity of Energy harvester is the range of [-35, -30].
Proposal 13: For study purpose, assume that energy harvester and communication share the same antenna and all antennas are time shared at the same time between energy harvesting and communication as option (b) in the Figure 16.
Proposal 14: RAN1 designs A-IoT inventory procedure for large number of devices considering following aspects: device energy storage size, device power consumption, different energy harvesting rates, multi rounds of random access, etc.
Observation 10: Roughly speaking, device 2 requires additional 1uF of capacitance to sustain one more round in an inventory process (when Tx power is assumed to be 200uW).
Proposal 15: For evaluation purpose, it is assumed that device 1/2a/2b can support at least following three clocks in Table 10 for sampling/sleep, frequency shifting, carrier frequency generation within their power consumption budget.
Observation 11: Power consumption for reading NVM is reasonably small for all device types.


NTT DCM
Proposal 1: Study the feasibility of small frequency shift in BB logics for each of Device 1, 2a and 2b.

Proposal 2: Discuss the feasibility of large frequency shifter for Device 2a with up to a few hundred µW peak power consumption.

Proposal 3: Clarify the assumption on energy whether A-IoT device would not run out of energy during a certain transaction of DT or DO-DTT process.

Proposal 4: Discuss whether A-IoT device is capable of different spectrum for R2D, carrier wave and D2R depending on the deployment scenario/topology.
· Discuss how A-IoT device can identify the frequency location of initial R2D reception, e.g., sync-raster concept in NR.


IIT Kanpur, Indian Institute of Technology Madras (IITM)
Proposal 1: Support LNA in receiver for improving signal strength and sensitivity as a part of Device 2A.
Proposal 2: Frequency shifter circuit should be an optional unit in the transmitter chain of Device 2A.
Proposal 3: Support the FL proposal 10.1.2 of last meeting with the inclusion of LNA and PA in transmitter and receiver blocks.
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