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FL Proposal 1-v2:
Capture following observations for reflection amplifier.
Reflection amplifier with following characteristics could be considered for device 2a.
· Direction of amplification
· Uni-directional reflection amplifier (baseline) can amplify backscattered signal in D2R which can improve D2R link budget.
· Bi-directional amplifier can amplify both signal in R2D and backscatter signal in D2R. 
· Bi-directional amplifier has higher complexity, higher noise figure, and reduced isolation between tx and rx path. [FFS The amplification gain of bi-directional amplifier is lower than that of uni-directional amplifier.]
· Amplification gain ranges from 10 to 20dB.
· FFS gain range for R2D and D2R in bi-directional amplifier
· Power consumption of reflection amplifier is in the range of a tens of uW to 100s of uW.
· Reflection amplifier can operate in FDD frequency bands.
· Reflection amplifier bandwidth could support 10s of MHz.
· Note: reflection amplifier can get unstable when it gets too high input power or gets tuned to different frequency. Adjusting bias voltage could help avoid unstable operation.

FL Proposal 3-v2
Capture following observations for large frequency shift.
· Large frequency shift could be used in shifting reflected signal in tens of MHz, e.g., from FDD DL to FDD UL frequency or vice versa.
· Large frequency shift consumes 10s of uW to 100s of uW, which is suitable for device 2a.
· Large frequency shift is not feasible for device 1 due to power consumption requirement.
· Large frequency shift range could be of 10s of MHz, e.g., from FDD DL to FDD UL frequency.
· Large frequency shift requires a clock for IF generation which is accurate enough to avoid large guard band and interference to adjacent channels. FFS required accuracy
· Further study image suppression (SSB transmission) and harmonics suppression including
· Method for image/harmonics suppression
· Quantitative evaluation
· FFS architecture for large frequency shifter block

Wed

FL Proposal 9-v3
Study following issues for at least RF energy harvesting in relation to device availability on transmission and reception during inventory process.
· HW/device architecture related issues: device states (power, clock assumption, memory), power conversion efficiency (PCE) model, [device wake up/sleep enablers e.g., power/energy/preamble detector], required energy storage size, charging/discharging model, device sustainable operation time
· 9.4.2.2: Timing/frame structure procedural aspects: e.g., impact of device unavailability on tx/rx, device sleep and wakeup schemes, related procedures, etc

FL Proposal 18
For study purpose, assume that A-IoT device has a single antenna for both communication (tx/rx) and RF energy harvesting purpose.

PL Proposal 7
Adopt following diagrams as tx modulator.
· Device 1/2a with OOK/PSK
· Tx modulator is based on impedance switching between two states.
· OOK/PSK can be realized by the choice of two impedance values.
[image: A diagram of a network
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· Device 1/2a with FSK
· Tx modulator is based on impedance switching between two states.
· FSK can be realized by the choice of IF frequency f1 and f2 based on baseband information bits.
[image: A diagram of a network
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· Device 2b with OOK
· Baseband information bits controls the switch between LO and output.
[image: A diagram of a diagram
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· Device 2b with BPSK
· Baseband information bits selects a phase of differential carrier frequency signal.
[image: A diagram of a machine
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· Device 2b with FSK
· Baseband input signal directly controls the choice of carrier frequency f1 and f2 generated from LO.
[image: A diagram of a system
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FL Proposal 10-v2
Following descriptions on clock/LO are captured.
	Clock #
	Purpose
	Applicable
device types
	Clock
speed
	Power 
consumption
	Initial clock
Accuracy (i.e., before clock sync)
	Accuracy after 
clock sync

	Clock 1
	Sampling for sync signal or preamble detection.

Light sleep w/ memory retention
	Device 1, 2a, 2b
	[10s] kHz to [1]MHz
	<< 1uW
	[10^4 ~ 10^5] ppm
	[< 10^4]ppm

	Clock 2
	Sampling, 
Frequency shift
	Device 1, 2a
	1.92 MHz or A few  MHz
	<1uW
<10s uW
	[10^4 ~ 10^5] ppm
	[< 10^4]ppm

	Clock 3

	clock for generating carrier frequency
	Device 2b
	 Same as carrier frequency
	10s ~ 100 uW
	[10^3~ 10^5] ppm 
	[10^2]ppm

	Note: Depending on implementation, clock 1 and 2 could be merged into one clock.
Note: Device can calibrate its clock after clock synchronization.
FFS: whether above clock could be assumed as XO.




FL Proposal 11
Further study device architecture/HW perspective of device wake up mechanisms in terms of required HW complexity, power consumption, etc
· Power detection: strong incident RF power powers passive circuits and trigger BB wake up
· Energy detection: device wakes up based on energy storage status (e.g., fully charged) 
· Preamble detection: device performs patten detection based on separate low power circuit and trigger BB logic wakes up once pattern is detected.
· FFS: device specific wake up mechanism.


FL Proposal 19
Further study volatile and non-volatile memory for of Ambient IoT device.
· Purpose (stored information)
· Power consumption
· Size
· Memory type
· cost

FL Proposal 4
Study small frequency shift considering following aspects
· Harmonics suppression (quantitative study)
· Max small frequency shift range (up to [X] MHz) and granularity (in supporting of FDM)
· Required clock accuracy/speed
· How to realize/implement small frequency shift (e.g., line coding in BB)
· Complexity increase
· Power consumption

FL Proposal 8
Further study how to achieve selectivity for device 1/2a/2b.
· Study feasibility and selectivity of RF BPF/IF filter/BB filter in terms of size, cost, frequency, bandwidth, implementation type, etc
· Study selectivity by antenna and matching network

Issues
[Closed] Device 2a: Reflection Amplifier

Direction of amplification:
· Two companies shown their views that bi-directional amplifier could be considered.  Four companies have shown their views that uni-directional amplifier could be considered for A-IoT device. 
· Uni-directional/one-way for D2R: E///, HW, FW(baseline), QC, NEC, TCL, ID
· Bi-directional/two-ways for D2R and R2D: CMCC, HW, ID(optional)
· It is observed that more companies have reported that uni-directional amplifier could be considered as baseline for A-IoT. This is due to some drawback of bi-directional amplifier such as higher noise figure, increased complexity, reduced isolation between tx and rx path, amplification gain of bi-directional amplifier is lower than that of uni-directional one [1][4].
· However, it was also pointed that bi-directional amplifier could be also used for R2D, as LNA.
Amplification Gain:
· Companies have reported range of amplifier gains in 10dB to 20dB.
· 10+dB (HW, FW, QC)
· 10~15dB (CMCC)
· 15-20dB (E///)
· 10~20dB (Samsung)
· 10~25dB(TCL)
· It was reported that gain of bi-directional amplifier is lower than that of uni-directional one. 
· Gain depends on frequency, input power, bias voltage (ID)
Power Consumption: 
· Power consumption of reflection amplifier was reported in the range of a tens to 100s of uW.
· a few 100uW (HW), 
· tens to hundreds uW (Samsung, QC, ID)
· 100uW ~ 600uW (TCL)
Frequency: 
· There are a few reference implementations working in 900MHz range (HW, QC)
· 830MHz ~ 920MHz (TCL)
Bandwidth: 
· Two companies have provided input on bandwidth.
· 10s of MHz could be considered (HW)
· Bandwidth of amplifier is sufficiently large for NR FDD UL band (FW)
Stability: 
· It was pointed out that one of challenge of reflection amplifier is its stability. It was reported in [5] that instability exist when input signal strength is high. Thus, it was suggested to consider activation/ deactivation mechanism based on rx power.
· One source (Samsung) says that there is no need to have concern on stability if device opeates at fixed frequency.
· Further discuss considering impedance, rx power, etc (TCL, Sony)

Discussion
FL Proposal 1:
Reflection amplifier with following characteristics could be considered for device 2a.
· Direction of amplification: 
· Uni-directional reflection amplifier (baseline) can amplify backscattered signal in D2R which can improve D2R link budget.
· Bi-directional amplifier can amplify both signal in R2D and signal in D2R. 
· Typically bi-directional amplifier has higher complex, higher noise figure, and reduced isolation between tx and rx path. The amplification gain of bi-directional amplifier is lower than that of uni-directional amplifier.
· Amplification gain ranges 10 to 20dB.
· Power consumption of reflection amplifier is in the range of a tens of uW to 100s of uW.
· Reflection amplifier can operate in 900MHz frequency range.
· Reflection amplifier bandwidth could support 10s of MHz, which is large enough to cover a typical FDD DL or UL band.
· FFS: instability of reflection amplifier occurs with high rx input power and/or tunning to different frequency and potential solutions for instability


Please provide input on above FL Proposal 1.
	Source
	Input

	TCL
	Agree with this proposal. To our understanding, one problem needs to be further considered
Add one sub-bullet for bi-directional amplifier
· Direction of amplification: 
· Uni-directional reflection amplifier (baseline) can amplify backscattered signal in D2R which can improve D2R link budget.
· Bi-directional amplifier can amplify both signal in R2D and signal in D2R. 
· Typically bi-directional amplifier has higher complex, higher noise figure, and reduced isolation between tx and rx path. The amplification gain of bi-directional amplifier is lower than that of uni-directional amplifier.
· FFS: How to isolate between tx and rx path, and discuss the insertion loss and isolation capability. 
FFS: Discuss how/whether to switch/change the stage of bi-directional amplifier.

	Huawei, Hisilicon
	The proposal is OK to us, except the last bullet. In our tdoc, reference designs are given to show that the stability of reflection amplifier can be achieved by setting appropriate bias voltage or adaptive gain adjustment. It should be clarified that such solution belongs to device implementation. There is no need to specifically treat it in the air interface design.

	FL
	FL Proposal 1-v2:
Capture following observations for Reflection amplifier.
Reflection amplifier with following characteristics could be considered for device 2a.
· Direction of amplification
· Uni-directional reflection amplifier (baseline) can amplify backscattered signal in D2R which can improve D2R link budget.
· Bi-directional amplifier can amplify both signal in R2D and backscatter signal in D2R. 
· Bi-directional amplifier has higher complexity, higher noise figure, and reduced isolation between tx and rx path. [FFS The amplification gain of bi-directional amplifier is lower than that of uni-directional amplifier.]
· Amplification gain ranges from 10 to 20dB
· FFS gain range for R2D and D2R in bi-directional amplifier
· Power consumption of reflection amplifier is in the range of a tens of uW to 100s of uW.
· Reflection amplifier can operate in FDD frequency bands.
· Reflection amplifier bandwidth could support 10s of MHz.
· Note: reflection amplifier can get unstable when it gets too high input power or gets tuned to different frequency. Adjusting bias voltage could help avoid instable operation.





Related Proposals
	Source
	Input

	CMCC

	Proposal 3:  Considering the amplifier for device 2a as follows,
•	Bi-directional/two-way (for R2D and D2R), no switching loss, i.e., separate amplifier for R2D and D2R.
•	10~ 15 dB amplification Gain.

	E///
	Proposal 3	For Device 2a, a reflection gain of about 15-20dB is proposed. 
Proposal 4	A unidirectional reflection amplifier can be chosen instead of a bi-directional reflection amplifier to achieve better performance and reduce trade-offs between RX and TX chain.

	HW
	Observation 1: The power consumption of reflection amplifier can reach a few 100 µW (e.g., 100~400 µW), depending on detailed technical principle and implementation.
Observation 2: The reflection amplifier can support an operating bandwidth of 10 MHz-level at the 900 MHz band.
Observation 3: The reflection amplifier can reach ~10 dB reflection gain without oscillating at low input power (e.g., -50 dBm or -30 dBm).
Proposal 1: For the coverage evaluations of Device 2a, the power gain of reflection amplifier is assumed to be 10 dB or higher.
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.
· [bookmark: _Hlk166244624]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.
· The uni-directional type of reflection amplifier is only used for the amplification of D2R signals for backscattering, while the bi-directional type can also be used for the amplification of R2D signals for receiving.
Proposal 14: For Device 2a, the power gain of reflection amplifier is assumed to be ≥10 dB.


	Nokia

	[bookmark: Proposal10525]Proposal 1: 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.
[bookmark: Proposal10526]Proposal 2: For type 2a Ambient IoT devices with device local reflection amplifier oscillation detection and adjustment capability it is proposed to enable control of such feature via R2D signal configuration and reporting of results and reflection amplifier state via D2R signalling.


	Samsung

	On the other hand, a stability of an amplifier is a function of an input impedance and operating frequency. Since A-IoT devices are expected to be deployed for a certain operating frequency and not expected to adapt to another frequency after deployment, the implementation can ensure a stable operation of the amplifier for the target frequency. 
Observation 9: A reflection amplifier can achieve 10 ~ 25 dB gain at a power consumption of a few tens to hundreds micro-Watts at lower frequency bands that A-IoT system is expected to be deployed. Stability may not be of much concern as A-IoT devices will operate at a preconfigured frequency without adaptation.  

	FW

	Proposal 3: For Device 2a, adopt uni-directional reflection amplifier as a baseline.
Proposal 4: For Device 2a, consider 10 dB amplification gain as a starting point for the uni-directional reflection amplifier.   
In [7], the bandwidth of such a reflection amplifier operating at 900 MHz is about 100 MHz. 
Observation 10: Bandwidth of uni-directional reflection amplifier is sufficient to support the UL spectrum of NR FDD operating bands.   


	Xiaomi

	Observation 5: The gain of the reflection amplifier in device 2a, operating at a fixed frequency, is significantly influenced by the input power.
Proposal 7: The determination of the one-way gain setting for a reflection amplifier necessitates comprehensive consideration of various factors that impact its input power, such as Tx power, path loss, Rx loss, and loss because of matching.
Proposal 8: The switching loss of the two-way reflection can be set to 0 dB as a starting point.


	QC
	Observation 8: For A-IoT device supporting half duplex operation only, D2R link could be amplified by reflection amplifier.
Observation 9: Reflection amplifier requires DC power supply. This means that it consumes power to operate and should not be turned on too long since it could drain continuously.
Observation 10: Reflection amplifiers’ gain range from 8 to 20dB.
Observation 11: Reflection amplifiers’ sensitivity ranges from -90dBm to -20dBm.
Proposal 9: RAN1 to capture followings for reflection amplifier.
•	Reflection amplifier amplifies reflected signal in D2R link.
•	Power consumption of reflection amplifier is in the order of tens of uW to a few hundreds of uW.
•	Supported frequency ranges from around 900MHz to 5.8GHz.
•	Amplification gain of reflection amplifier is in the range of 10~20dB.
•	Minimum sensitivity for reflection amplifier is -90dBm to -20dBm.

	NEC
	Proposal 5: RAN1 to consider Uni-directional (for D2R) reflection amplifier as the baseline case for further study.


	TCL
	Observation 2: There is no any discover about the impact of bandwidth on the performance of reflection amplifier.
Observation 3: Stability conditions could be considered by assessing the overall stability of device’s circuit, including input impedance, extracted CW power at device side, CW center frequency range, substrate selection, etc.
Observation 4: Tunnel diode and transistor has different advantages and disadvantages.

Proposal 1: The gain of reflection amplifier can be set within 10~25dB for the center frequency range of 830MHz ~ 920MHz, and power consumption can be set within 100uW~600uW for the center frequency range of 830MHz ~ 920MHz.
Proposal 2: Discuss stability by assessing the change of input impedance, extracted CW power at device side, substrate selection of device, etc. 
Proposal 3: Clarify the necessity of considering the impact of bandwidth on reflection amplifier.
Observation 6: Return loss is relatively higher than uni-directional reflection amplifier and gain is less than 10dB.

Observation 7: Power consumption will be reduced to less than 1mW when center frequency is about 0.9GHz, however, return loss is about 22dB, which limits the amplifying gain.

Proposal 4: Down select bi-directional reflection amplifier, because there is no LNA functionality, and it has higher complexity (two reflection amplifier needed) and higher return loss than uni-directional reflection amplifier, and the rang of gain is less than 10dB.


	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. 

	ID
	Observation 1: Reflection amplifier gain depends on the input frequency, input power and the bias voltage.
Observation 2: The power consumption of reflection amplifier can range from a few tens to a few hundreds of µW and falls within the power consumption constraint of device type 2a.
Observation 3: The stability of a reflection amplifier hinges on the bias voltage and impedance elements of the circuit and can be fine-tuned to operate within in stable regions.
Observation 4: The bandwidth of the reflection amplifier depends on the impedance characteristics of the circuit, along with the input power and frequency.






Device 2a: Additional Architectures
[bookmark: _Hlk159756364]IF-ED Receiver
Three companies have shown interest in capturing IF-ED receiver architectures for device 2a. Two companies have indicated no support of IF-ED receiver architectures for device 2a.
· Support IF-ED for device 2a: E///, vivo, Samsung
· No Support IF-ED for device 2a: CMCC, HW, LG, NEC, Comba
The IF-ED architecture provides better rx sensitivity, extended coverage.
IF-ED, inherently, when compared to RF-ED receiver, consumes higher power w/ no clear benefit.
One source (Xiaomi) mentioned to further study IF-ED architecture if necessary.

Discussion
Please provide input on whether to capture IF-ED receiver architecture for device 2a or not.

	Company
	Y/N
	Input

	Huawei, Hisilicon
	
	The IF-ED receiver could consume much higher power than the RF-ED receiver, while may not provide any benefit to the system deployment. It is recommended to deprioritize the architecture with IF-ED receiver for Device 2a.

	Xiaomi
	
	We endorse IF-ED due to its power consumption below the peak power of device 2a and its substantial enhancements in performance compared to RF-ED.

	Samsung
	Y
	We prefer to study device 2a architecture with IF-ED receiver as a good compromised solution in terms of performance and cost, etc.

	Ericsson
	Y
	Similar to Device 2b, we would like to study IF-ED and ZIF architectures for Device 2a. It would not be prudent to preclude these architectures for Device 2a even without a proper study.



Related Proposals
	Source
	Input

	CMCC

	Proposal 1:  IF and ZIF ED is not pursued for device 2a. Only RF ED is considered for device 2a in Rel-19 AIoT SI.

	E///
	[bookmark: _Toc166256771]Study Device 2a with ZIF and IF-ED architectures.
[image: A diagram of a machine
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	HW
	Observation 8: Device 2a with IF-ED or ZIF receiver requires much higher power consumption for R2D receiving, while no benefit to the deployment of basestaiton or intermediate UE is foreseen.
Proposal 5: The study deprioritize the architecture of Device 2a with IF-ED or ZIF receiver.

	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.
[image: A diagram of a machine
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	Samsung
	Proposal 6: RAN1 study to device 2a architecture with IF-ED receiver. 
[image: A diagram of a device
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	Xiaomi
	Proposal 6: RAN1 could conduct further investigation on the architecture based on ZIF or IF-ED receivers for device 2a, if deemed necessary.

	LG
	Proposal 1: For AmIoT device architectures, prioritize, if needed, RF-ED receiver architectures for all Ambient IoT devices (1/2a/2b).

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

	Comba
	Proposal 2：We think that the use of an RF-ED receiver in Device 2a should be given the highest priority. If considering IF-ED or ZIF receivers, their advantages should be verified.




ZIF Receiver
Four companies have suggested to support ZIF receiver architecture for device 2a. Two companies have indicated not to capture ZIF receiver for device 2a.
· Support ZIF receiver for device 2a: E///, vivo, Samsung, Spreadtrum
· No support ZIF receiver for device 2a: CMCC, HW, LG, NEC, Comba

Discussion
Please provide input on whether to capture ZIF receiver architecture for device 2a or not.

	Company
	Y/N
	Input

	Huawei, Hisilicon
	
	The ZIF receiver could consume much higher power than the RF-ED receiver, while may not provide any benefit to the system deployment. It is recommended to deprioritize the architecture with IF-ED receiver for Device 2a.

	Xiaomi
	
	Similar to IF-ED, we also support ZIF receiver architecture for device 2a.

	Samsung
	-
	We are neutral. 

	Ericsson
	Y
	Similar to Device 2b, we would like to study IF-ED and ZIF architectures for Device 2a. It would not be prudent to preclude these architectures for Device 2a even without a proper study.




Related Proposals

	Source
	Input

	CMCC
	Proposal 1:  IF and ZIF ED is not pursued for device 2a. Only RF ED is considered for device 2a in Rel-19 AIoT SI.

	HW

	Observation 8: Device 2a with IF-ED or ZIF receiver requires much higher power consumption for R2D receiving, while no benefit to the deployment of basestaiton or intermediate UE is foreseen.
Proposal 5: The study deprioritize the architecture of Device 2a with IF-ED or ZIF receiver.

	E///
	Study Device 2a with ZIF and IF-ED architectures.
[image: A diagram of a power plant
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	Vivo

	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.
[image: A diagram of a power supply system
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	Spreadtrum

	Proposal 9: Capture the device 2a architecture with Zero-IF ED in Figure 1 in TR. FFS for IF ED receiver for device 2a.
[image: A diagram of a energy generator
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	LG
	Proposal 1: For AmIoT device architectures, prioritize, if needed, RF-ED receiver architectures for all Ambient IoT devices (1/2a/2b).

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

	Comba
	Proposal 2：We think that the use of an RF-ED receiver in Device 2a should be given the highest priority. If considering IF-ED or ZIF receivers, their advantages should be verified.




[Closed] Device 2a: Large Frequency Shift / SSB

Feasible for device 2a: 
· 8 Companies (E///, Apple, HW, Nokia, FW, Spreadtrum, Samsung, MTK, ID) have reported that large frequency shift is feasible for device 2a. One source (CT) mentioned that it could be optional feature.
· Five companies (Oppo, ZTE, LG, Xiaomi, CT) suggested to further study
· Three companies (Oppo, ZTE, LG) indicated that large frequency shift is not to be considered for device 2a, therefore not to consider in Rel-19.
· It was common view that large frequency shift is not feasible for device 1.

Frequency range / accuracy
· The range of frequency shift in large frequency shift is not clearly defined yet in RAN1, however, it is well accepted that large frequency shift is considered with tens of MHz of shift, e.g., FDD-DL to FDD-UL frequency shift or vice versa in mind.
· 10s of MHz (Apple, HW), 5~50MHz (Nokia), 1-70MHz (TCL)
· One source (Nokia) suggested to study max possible frequency offset.
· Accuracy requirement of frequency shift (ID)

Power consumption: 
· Large frequency shift requires higher power consumption due to higher IF generation, which requires fast running clock.
· Companies reported power consumption numbers in the range of 10s to 100s uW.
· 10s uW(HW), 100s uW (Apple), uW (Nokia), tens of uW (QC), 10-100uW(TCL)

Feasibility of SSB, image, harmonics suppression:
· One of critical requirement is image rejection of SSB transmission to avoid unwanted interference generation in neighboring channel or bands.
· There are inputs from companies with diverse views on feasibility of image rejection/SSB generation.
· One source (Vivo) provided a nice quantitative evaluation results of mirror interference suppression. It says that some frequency components for higher order harmonics cannot be suppressed well. Suppression is degraded when carrier frequency is in accurate.
· One source (Samsung) suppression is feasible based on literatures.
· One source (Spreadtrum) mentioned out-of-band harmonic can be removed by BPF.
· One source (FW) mentioned that suppression may not be necessary to eliminate harmonics higher than, e.g., the fifth harmonic since they attenuate by factor of 1/n for n-th harmonic
· One source (Nokia) suggested to further study SSB vs DSB, clarify if target level SSB suppression, and target level for harmonic suppression are needed.
· One source (QC) provided comparison table between large frequency shift and small frequency shift.
· TCL indicate potential RAN4 impact regarding image suppression.
· ID indicate feasibility of FDM


Discussion
FL Proposal 3
Capture following observations for large frequency shift.
· Large frequency shift could be used in shifting reflected signal in tens of MHz from FDD DL to FDD UL frequency or vice versa.
· Large frequency shift consumes 10s of uW to 100s of uW, which makes it suitable for device 2a.
· Large frequency shift is not feasible for device 1 due to power consumption requirement.
· Large frequency shift range could be of 10s of MHz, e.g., from FDD DL to FDD UL.
· Large frequency shift requires image suppression (SSB transmission) and harmonics suppression.
· Further study the feasibility of image suppression
· Method for image suppression
· Quantitative evaluation

Please provide input on FL Proposal 3.
	Company
	Input

	TCL
	We think large frequency shift should be at least 45MHz for FDD DL and UL spectrum considering existed FDD spectrum near 900MHz.
In addition, clarify further what order number needs to be considered for harmonic suppression. To our understanding, 3 rd and 5rd needs to be considered based on the harmonic power and frequency range. 
For example, the power of image signal is 3.9dB smaller than received CW power (RSRP at device), and the power of 3rd and 5th harmonic signal are 9.5dB and 14dB smaller than received CW power at device. Thus, the harmonic power of 3rd may impact on the NR/LTE legacy UE. 
And 5rd may be in the range of spurious of  the NR/LTE legacy UE with 36dBm power restriction. 

	Huawei, Hisilicon
	It could also be OK to not capture detail of the large frequency shifter in the TR, if companies consider it not really feasible.
Except the aspects listed in the proposal, we think the carrier frequency accuracy issue should also be considered for the large frequency shifter. For example, the carrier frequency offset could be 50 kHz @ 1000 ppm for a frequency shifting of 50 MHz, which requires large guard band to avoid non-negligible leaked interference to the adjacent channel. It is difficult to provide an external IF reference frequency to the device for frequency calibration. Consequently, the feasibility of achieving appropriate carrier frequency accuracy for the shifted backscattered signal also needs to be justified.

	Xiaomi
	The ability to shift between DL spectrum and UL spectrum, or vice versa, for the first bullet is determined by the supported shifting range. This proposal should not impose restrictions solely on DL to UL or UL to DL shifts. LFS can also transition within the DL spectrum, provided that the DL bandwidth is sufficiently wide to encompass frequency points before and after the shift. Regarding bullet 5, both SSB and DSB should be accommodated with a compromise in their implementation.


	Samsung
	We are fine with the proposal. 
However, we wonder if we also need to note about an assumed frequency shifter architecture, e.g., ring, RC oscillator, as the conventional architecture cannot achieve the described power consumption. 


	FL
	FL Proposal 3-v2
Capture following description for large frequency shift.
· Large frequency shift could be used in shifting reflected signal in tens of MHz, e.g., from FDD DL to FDD UL frequency or vice versa.
· Large frequency shift consumes 10s of uW to 100s of uW, which is makes it suitable for device 2a.
· Large frequency shift is not feasible for device 1 due to power consumption requirement.
· Large frequency shift range could be of 10s of MHz, e.g., from FDD DL to FDD UL frequency.
· Large frequency shift requires clock accurate enough to avoid large guard band and interference to adjacent channels. FFS required accuracy
· Further study image suppression (SSB transmission) and harmonics suppression.
· Further study the feasibility of image and harmonics suppression including
· Method for image/harmonics suppression
· Quantitative evaluation
· FFS architecture for large frequency shifter





Related Proposals
	Source
	Input

	Oppo

	Proposal 6: Large frequency shift with an offset of more than 10 MHz is not considered for A-IoT devices.

	CMCC

	Proposal 4:  for Small frequency shift (SFS) and Large frequency shift (LFS), the following is proposed,
•	SFS around hundreds of kHz (less than 1MHz) is considered for all devices. 
•	LFS is beneficial for Power consumption and IF carrier frequency accuracy compared to active D2R signal generation. However, additional image suppression need to be handled.
o	FFS for LFS around up to 50MHz

	E///

	Observation 7	SSD modulator can be beneficial in Device 2a where higher power is available compared to Device 1. 
Proposal 5	Large frequency shift may not be feasible in Device 1 due to limited power budget. However, it could be feasible for Device 2a since a higher power budget is available.

	Apple

	Observation 5: For device type 2a, at least based on the power consumption requirements, large frequency support in order of few 10s of MHz could be feasible
Observation 6: In the operating frequency of ~900MHz, ~100s of microwatt of power maybe sufficient for large frequency shift to separate CW2D and D2R in DL and UL spectrum, respectively

	HW
	Observation 4: The large frequency shifter can support 10 MHz-level (e.g., 20 MHz ~50 MHz) frequency shifting, with a power consumption of several 10 µW.
Observation 5: The large frequency shifter can lead to carrier frequency offset of several 10 kHz or 100 kHz for the 10 MHz-level frequency shifting between the FDD DL and UL band.
[bookmark: _Hlk165986750]Proposal 3: For large frequency shifter, add two notes, 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 transmissions due to the leaked image signal and harmonic signal during large frequency shifting.
· The potential large frequency error (e.g., 100 kHz-level) of large frequency shifting can lead to large guard band for D2R transmissions.

	Nokia
	[bookmark: Proposal10527]Proposal 3: Study to include large frequency shift on at least the 5~50 MHz range, with a granularity of 1 MHz.
[bookmark: Observation77357]Observation 1: Large frequency shift of tens of MHz can be implemented with microwatt operation and can be suitable for Type 2a devices with energy storage.
[bookmark: Proposal10528]Proposal 4: Study to determine the maximum possible large frequency offset, within the allowable power consumption budget.
[bookmark: Proposal10529]Proposal 5: Study to include SSB and DSB backscattering options, while considering additional device power cost and link budget penalty due to increased insertion loss. 
[bookmark: Proposal10530]Proposal 6: Clarification is needed if target level for SSB suppression should be in the scope of the study or not.
[bookmark: Proposal10532]Proposal 8: Clarification is needed if target level for harmonic suppression should be in the scope of the study or not. 

	Vivo

	

Figure 3 Circuits for image interference suppression.

Observation 1: Large frequency shifter cannot be supported by 1uw device.
[image: ] [image: ]
Figure 4 The spectrum of backscatter signal with/without mirror suppression.

Observation 2: 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.
· [image: A graph of a line

Description automatically generated with medium confidence]
Observation 3: 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 3: 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.

	Samsung
	Observation 6: The power consumption of a frequency shifter can be a few tens of micro-Watts for a few tens of MHz shifting assuming a low-power ring oscillator based architecture. 
Observation 7: Harmonic suppression and SSB backscattering for large FS are feasible for a low power devices. 

	FW
	Observation 2: For Device 2a, the frequency shift range depends on the NR FDD operating band, ranging from a few megahertz to several tens of megahertz.
Observation 3: For Device 2a, the minimum frequency shift is determined by the FDD duplex spacing.
[image: ]
 	Figure 2: D2R RF channels

Observation 4: For Device 2a, the frequency shift granularity is determined by the D2R occupied bandwidth in the case of frequency-domain multiple access. 
Observation 5: For Device 2a, the power consumption of a large frequency shifter with undesired backscatter signal (or image) suppression is in the order of tens of W. 
Observation 6: The amplitude of harmonics is reduced by a factor of  compared to the first harmonic. 
Observation 7: Based on Observation 6, it is not necessary to eliminate harmonics higher than, e.g., the fifth harmonic. 
Observation 8: For Device 2a, large frequency shift in supporting FDD is feasible for Device 2a.
Based on our observations, large frequency shift is feasible in Device 2a, enabling FDD operation.
Proposal 2: For Device 2a, support large frequency shift for the FDD operation.

	Spreadtrum

	Observation 1: From the perspective of power consumption, Device 2a can support the large frequency shift.
Observation 2: The out-of-band harmonic signal generated in the procedure of frequency shift can be suppressed by leveraging a BPF filter.
Observation 3: Device 2a has a larger power consumption budget compared with Device 1, and an accuracy clock can be considered to provide an IF carrier wave.
Proposal 1: Large frequency shift should be supported for Device 2a.

	China Telecom

	Proposal 1: Support frequency shifter instead of large frequency shifter as an optional block for Device 2a with RF-ED receiver.
· Further study the necessity or feasibility of large frequency shifter (e.g., tens of MHz) or small frequency shifter (e.g., tens of kHz).

	Xiaomi

	Proposal 9: Support to define two types FS
· Small FS: A frequency shift range of less than 1MHz, limited to movement within either the uplink or downlink spectrum
· Large FS: A frequency shift range exceeding 1MHz and potentially reaching tens of MHz, allowing for movement between both the uplink and downlink spectrum
[bookmark: OLE_LINK30]Proposal 12: Device 1 lacks support for SSB backscatter, while SSB backscatter for large FS in device 2a could be conducted further assessment on potential implications related to implementation complexity.


	LG

	Proposal 2: De-prioritize the discussion and evaluation on the scenarios that require the large FS. E.g., the scenarios where CW is transmitted in DL spectrum and backscattered in UL spectrum.

	QC
	Observation 6: Power consumption for generating tens of MHz clocks for SSB backscattering takes tens of uW.
Observation 7: 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 7: RAN1 to adopt Table 6 for large frequency shift.
Table 17 Large frequency shift for device 1 and device 2a
	
	Device 1
	Device 2a

	Power consumption
	Tens of MHz IF carrier needs to be generated by either a tens of MHz clock or a MHz clock w/ PLL. Power consumption level for generating 10s ~ 100s of clock is in the range of tens of uW [50][51], which is beyond device 1’s power budget.
	Tens of MHz IF carrier needs to be generated by either a tens of MHz clock itself or a MHz clock w/ PLL. Power consumption level for generating 10s ~ 100s MHz of clock is in the range of tens of uW [50][51]. 

For device 2a, there is reflection amplifier. So, both should be considered together toward power budget. If low power reflection amplifier is used, then additional tens of uW seems to be okay.


	Clock accuracy and granularity for large FS
	N/A
	IF clock accuracy might be important to aspect to study (together with cost and power). If IF clock accuracy is low, then, target frequency where backscattering occurs could have uncertainty, which require large guard bands around it. This will affect spectral efficiency in D2R.
The FS granularity is also important factor to consider since it is related not only large FS but also capability of FDM and support of different operator.

	SSB / Image suppression
	Support of SSB D2R is necessary. Otherwise, after large frequency shift, the other side of spectrum will interfere signal in another band where it falls.

	Support of SSB D2R is necessary. Otherwise, after large frequency shift, the other side of spectrum will interfere signal in another band where it falls.

Supporting large frequency shift requires clocks running in tens of MHz and mixer. 


	Harmonics - 
Interference 
	When D2R signal is generated by modulating CW with square waves, harmonics could be generated. The harmonics could potentially interfere other band / channels due to larger frequency shift. And shifted version of neighboring channels could be also interference.

	When D2R signal is generated by modulating CW with square waves, harmonics could be generated. The harmonics could potentially interfere other band / channels due to larger frequency shift. And shifted version of neighboring channels could be also interference. For device 2a, the impact could be higher than device 1 due to its amplification.




	MTK
	[bookmark: OLE_LINK17][bookmark: OLE_LINK20]Observation 2: 	Ring oscillators can offer a wide tuning range with sub-milliwatt power consumption and. However, enhancements may be needed for interference suppression.
Proposal 2:	Support Large FS for device 2a and 2b, targeting at least a 10MHz shift to improve spectrum efficiency and reduce interference.

	TCL
	Observation 10: Extra oscillators like ring oscillator and patch oscillator used for large frequency shifter can meet the requirement of power consumption <1mW.

Proposal 7: The range of large frequency shifter can be set within 1-70MHz to meet the power consumption requirement by using extra oscillator.
Proposal 8: The power consumption of extra oscillator to achieve large frequency shift can be set within 10nW-100uW.
Observation 11:
· If image signal is not suppressed with large FS, it may impact on the RAN 4 regulation of NR UE, e.g., spurious emission.
· For large frequency shift, two methods can be considered for image suppression under different range of large FS

Proposal 9: Discuss and study the image suppression methods, including extra blocks for the FS range of 1MHz~XMHz and RF BPF at reader side for the FS range of >X MHz. 
· FFS: the value of X, e.g., X=20

Proposal 10: RAN 4 should study and analyze the impact of image signal or SSB signal on NR UE at out of band or spurious areas based on TS 36.101 or 38.101.

	Sony
	Proposal 2: RAN1 studies the power consumption associated with frequency shifting functionality for device 1 and device 2a.

	ID
	Proposal 3: Define the accuracy requirement of large frequency shifters in the device description of device type 2a to prevent issues such as inter-channel interference.
[bookmark: _Hlk166154453]Proposal 4: Consider R2D transmission with band pass filtering to as a starting point for large frequency shifters mirror suppression.
Proposal 5: Study the feasibility of large frequency shifters for FDMA, focusing on power consumption, frequency accuracy requirements and required granularity to effectively multiplex the devices.









[High] Small Frequency Shift
At least seven companies have suggested to consider small frequency shift. Most of companies have shown positive view (support) of small frequency shift. 
· Oppo, CMCC, ZTE, DCM, Xiaomi (support for device 2a, FFS for device 1), CT(device 2a), QC, TCL(further study)
There was no company showing negative view on small frequency shift.
Regarding device type, one source (Xiaomi, CT) shows their view that small frequency shift could be considered for device 2a, but it may require further study its feasibility for device 1. While other five companies see that small frequency shift is applicable to both device 1 and 2a.


To further consider small frequency shift, following aspects requires further study
· Harmonics suppression (quantitative study)
· How to realize/implement small frequency shift (e.g., line coding in BB)
· Complexity
· Power consumption
· Max small frequency shift range (up to [X] MHz) and granularity (in supporting of FDM)
· Required clock accuracy
· Any RAN4 impact


Discussion
FL Proposal 4
Further study small frequency shift with following aspects in mind.
· Harmonics suppression (quantitative study)
· How to realize/implement small frequency shift (e.g., line coding in BB)
· Complexity increase
· Power consumption
· Max small frequency shift range (up to [X] MHz) and granularity (in supporting of FDM)
· Required clock accuracy


Please provide feedback for FL Proposal 4.
	Company
	Y/N
	Input 

	TCL
	Y
	Harmonics suppression may not be considered in small frequency if the FS range is smaller than [1] MHz because it is in-band interference. Thus, we think harmonic can be discussed until the value/range is decided for small FS.

	Huawei, Hisilicon
	
	The small frequency shifting can be achieved by line code, which has already been implemented by the UHF RFID tag. We don’t see the necessity to study its complexity and power consumption. The other aspects should be studied in agenda 9.4.2.1

	Xiaomi
	
	Fine

	Samsung
	Y
	Support

	FL
	
	FL Proposal 4-v2
Further study small frequency shift with following aspects in mind.
· Harmonics suppression (quantitative study)
· Max small frequency shift range (up to [X] MHz) and granularity (in supporting of FDM)
· Required clock accuracy/speed
· How to realize/implement small frequency shift (e.g., line coding in BB)
· Complexity increase
· Power consumption



Related Proposals

	Source
	Input

	Oppo

	Proposal 4: Small frequency shift with an offset of 100’s kHz is considered for Device 1, FFS small frequency shift with multiple controllable shifting offsets.

	CMCC

	Proposal 4:  for Small frequency shift (SFS) and Large frequency shift (LFS), the following is proposed,
•	SFS around hundreds of kHz (less than 1MHz) is considered for all devices. 
•	LFS is beneficial for Power consumption and IF carrier frequency accuracy compared to active D2R signal generation. However, additional image suppression need to be handled.
O		FFS for LFS around up to 50MHz

	Nokia

	Proposal 8: Clarification is needed if target level for harmonic suppression should be in the scope of the study or not. 

	ZTE

	Proposal 3: 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.

	DCM
	Observation 1: The small frequency shift (e.g., up to a few MHz) is beneficial to mitigate CW interference for D2R and ensure the multiplexing capacity with FDMA.
Observation 2: The small frequency shift (e.g., up to a few MHz) can be realized by BB processing such as line coding or square wave modulation for both device 1 and 2a.
Proposal 1: For both device 1 and 2a, consider the small frequency shift (e.g., up to a few MHz).
-	Study how to realize the small frequency shift.
-	Study the impact on harmonics/image suppression

	CT
	Proposal 2: Further study the feasibility of small frequency shift for device 2a considering at least following aspects.
· Whether can be implemented via line code without additional hardware blocks
· Power consumption characteristics
· Frequency shift range and granularity
· How to support FDM
Note: the necessity (including applicable potential scenarios) of small frequency shift can still be discussed in other agendas of the SI.

	Xiaomi
	Proposal 9: Support to define two types FS
· Small FS: A frequency shift range of less than 1MHz, limited to movement within either the uplink or downlink spectrum
· Large FS: A frequency shift range exceeding 1MHz and potentially reaching tens of MHz, allowing for movement between both the uplink and downlink spectrum
Proposal 10: For deivce 1, the benefits of supporting small FS necessitate further elucidation.

	QC
	Proposal 8: Remove FFS in the following agreement from RAN1#116bis.
Agreement
For D2R, study: Manchester encoding, FM0 encoding, Miller encoding, no line coding.
· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: How to achieve small frequency shift in baseband and/or FDM(A) among devices
· Aspects to study include:
· Spectrum shape
· Complexity
· Power consumption
· BER, BLER
· Resilience to SFO
· If there is any relation to CFO


	TCL
	Observation 12: The power of image signal is 3.9dB smaller than received CW power (RSRP at device), and the power of 3rd and 5th harmonic signal are 9.5dB and 14dB smaller than received CW power at device
Proposal 11: RAN 4 should study and analyze the impact of harmonic signal on NR UE at out of band or spurious areas based on given reference values, e.g., the power of 3rd and 5th harmonic signal are 9.5dB and 14dB than received CW power at device.
Observation 13: Multi-levels by multi-impedances switching and pulse shaping by active modulator can reduce harmonic power at device side.
Proposal 12: Discuss the relative power threshold for harmonic power needed to be reduced based on RAN4 requirement. And discuss feasibility of reducing harmonic power by different methods, like multi-levels or pulse shaping. 


	
	



[bookmark: _Ref164109077][High] Receiver Sensitivity
Following table collects the input from companies on device communication sensitivity for different device and receiver architectures. A few observations here.

	Device types
	Receiver architecture
	Sensitivity for Communication (dBm)

	Device 1
	RF-ED
	-45~-40: E///
-40: HW, Comba
-40 ~ -35: QC
-36: CMCC, IITK
-35 ~ -30: vivo
-30: LG

	Device 2a
	RF-ED
	-55 to -50: E/// (w/ LNA)
-50: HW, IITK
-45: CMCC, Comba
-40 ~ -35: QC
-45 ~ -35: vivo
-30: LG

	
	IF
	-90 to -95: E/// (Low-IF with RF LNA, IF ED and BB amp) 
<-70: vivo

	
	ZIF
	-85 to -80: E/// (RF LNA and BB amplifier)
<-70: vivo

	Device 2b
	RF-ED
	-55: IITK
-55 to -50: E/// (w/ LNA)
-50: HW
-45: Comba
-40 ~ -35: QC
-30: LG

	
	IF
	-95 to -90: E/// (Low-IF with RF LNA, IF ED and BB amp)
-90: Apple
<-70: vivo, IITK
-60 ~ -50: QC

	
	ZIF
	-90: Apple
-85 to -80: E/// (RF LNA and BB amplifier), IITK
<-70: vivo
-60 ~ -50: QC




Discussion

FL Proposal 5
Capture following ranges of communication sensitivity.
	Device types
	Receiver architecture
	Sensitivity for Communication (dBm)

	Device 1
	RF-ED
	[-40, -35]

	Device 2a
	RF-ED
	[-50, -35]

	
	IF
	[-90, -75]

	
	ZIF
	[-80, -70]

	Device 2b
	RF-ED
	[-50, -35]

	
	IF
	[-90, -60]

	
	ZIF
	[-85, -60]




Please provide feedback on FL Proposal 5.
	Company
	Input

	Huawei, Hisilicon
	Regarding the receiver sensitivity of devices with RF-ED receiver, we prefer to a smaller value for the upper boundary for Device 2a/2b. For example, the value of “-35” can be changed to “-45”. We cannot see why Device 2a/2b with no amplifier in the R2D receiver will be used, as their coverage is the same as Device 1.
Regarding Device 2 with IF-ED or ZIF receiver, whether there needs a pre-defined threshold for the receiver sensitivity depends on the corresponding methodology for the link budget calculation.  If Budget_Alt2 is to be used, the pre-defined thresholds are not needed.

	Samsung
	First of all, there is a parallel discussion in 9.4.1.1 FL summary and the proposed values are not aligned. We suggest to align the values or discuss this issue in 9.4.1.1.

A few more comments, if this issue is discussed in this agenda. 
1) Device 1 RF-ED, we suggest to include – 30 dBm value. 
2) Current proposal implies that ZIF may be inferior to IF, which may not be true depending on the implementation. This needs to be clarified. 

	FL
	@HW, if all devices use exactly the same RFED receiver, then they will have the same sensitivity. Current summary table captures the same upper limit capturing that aspect. Upper limit of -35dB seems to be reasonable.
Observed trend from companies input is that device 2a/2b with RFED have better sensitivity than that of device 1, reflecting that device 2 could have higher complexity and higher power consumption – e.g., for R2D amplifier (LNA/RefAmp) or better RF-ED receiver.
Whether Alt1 or Alt2 is used does not matter. The table will capture sensitivity values. (Does not matter whether it is Alt1 or 2).
@Samsung, agenda 9.4.1.1 values capture ranges for evaluation for evaluation purpose. In 9.4.1.2, feasibility aspect of such numbers is to be captured as well (FL encourages companies to provide assumptions behind their reported values). 




Related Proposals
	Source
	Input

	CMCC

	Proposal 7: The following receiver sensitivity are considered,
•	-30dBm for device 1 (RF-EH)
•	-36dBm for device 1 (R2D RF-ED)
•	-45dBm for device 2 (R2D RF-ED)

	E///
	Observation 8	The Rx sensitivity for Devices 1 (with RF ED) can be between -40dBm and -45dBm.
Observation 9	The Rx sensitivity for Device 2a/2b with RF ED with RF LNA is -50dBm to -55dBm.
Observation 10	The Rx sensitivity for Device 2a/2b with zero-IF with RF LNA is -80dBm to -85dBm.
Observation 11	The Rx sensitivity for Device 2a/2b with IF-ED with RF LNA is -90dBm to -95dBm.

	HW

	Proposal 11: 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 e.g.  -40 dBm.
· For Device 2 with RF-ED receiver, the receiver sensitivity is assumed to be  -50 dBm.
Proposal 12: For Device 2b with IF-ED or ZIF receiver, the receiver sensitivity can be calculated based on a noise figure of e.g. 24 dB or higher.

	Vivo

	Proposal 6: For the receiver sensitivity and power consumption, it may depend on receiver architecture
	Device
	Receiver architecture
	Receiver Sensitivity value (dBm)
	Device Power consumption (uW)

	Device 1
	RF-ED
	-30~-35 dBm
	A few µW

	Device 2
	RF-ED
	-35~-46 dBm
	tens of µW ~ hundreds of µW

	Device 2
	IF-ED/Zero-IF ED
	<= -70dBm
	hundreds of µW





	Spreadtrum

	Table 2 Power consumption and sensitivity of LP-WUR [7]
	Receiver
	RF ED
	Zero-IF ED
	IF ED

	Power consumption
	<10 µW
	300-600µW
	<1000µW; > Zero-IF ED

	Sensitivity
	>-70dBm
	-96dBm~-102dBm
	>-110dBm




	LG

	Proposal 7: 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

	QC
	Observation 11: 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.
Table 8 Receiver architecture dependent device’s receiver sensitivity for communication (dBm)
	
	Receiver architecture

	Device type
	RF ED
	Mixer based

	1
	[-40], [-35]
	N/A

	2a
	[-40], [-35]
	N/A

	2b
	[-40], [-35]
	[-60], [-50]




	Comba
	
	
	Device 1
	Device 2a
	Device 2b

	Receiver Sensitivity
	≤ -40 dBm
	≤ -45 dBm
	≤ -45 dBm

	Device Power consumption 
	~1uW
	~100uW
	Several hundreds uW

	Energy Storage
	~1uF
	~10uF
	

	Energy Harvester sensitivity
	-20dBm
	-25dBm
	-25dBm

	Sampling clock 
	10^4 ~ 10^5 ppm SFO
	10^3 ~ 10^4 ppm SFO
	200ppm


Table 1. The assumptions for ambient IoT devices

Proposal 5：It is given in Table 1 of assumptions for A-IoT devices, the details need to be further discussed. 


	IITK
	Observation 1: RF-ED-based receiver architecture of device type 1 has a receiver sensitivity of ~ -35dBm.

Observation 2: Zero-IF based receiver architecture of device 2b has a receiver sensitivity range of ~ -50dBm to -80dBm.

Observation 4: Device 2b with IF-ED based architecture has the a receiver sensitivity of ~ -70dBm.
Table 1: Receiver sensitivity of different receiver architecture of devices
	Device
	Receiver architecture
	Receiver Sensitivity value (dBm)

	Device 1
	RF-ED
	~ -35dBm

	Device 2a
	RF-ED
	~ -50dBm

	Device 2b
	RF-ED
	~ -55dBm

	Device 2b
	IF
	~ -70dBm

	Device 2b
	ZIF
	~ -80dBm











[bookmark: _Ref164109096]Power Consumption Breakdown
Two sources (E///, Spreadtrum) provided breakdown of power consumptions in component level. This kind of input, although hard to get, is very helpful in understanding overall picture in device power consumption. 
FL encourage companies to provide similar input like this, so that RAN1 can collect such input and capture them as outcome of study.

Discussion
Please provide any input on study of device power consumption breakdown.
	Company
	Input

	Huawei, Hisilicon
	The detailed power consumption evaluation is not required by the SID. The feasibility of meeting the target device power consumption has been considered for each agreed device architecture. For the sake of modest workload, there is no need to study the device power consumption breakdown.

	Ericsson
	We have a different understanding than Huawei. The SID allows feasibility assessment of RAN design targets. Since power consumption is one of the design targets, this implies that power consumption evaluation is in the scope of the study. Indeed, what methodology to use for power consumption evaluation can be discussed as the next step. As the SID states, the evaluation can be based on simulations, numerical analysis, or by inspection of reference implementations.

	QC
	Power consumption is important part of this agenda. Although SID says 1uW, and a few hundreds of uW for device 1 and 2, it is not clear whether they are really achievable while supporting features we discuss in agendas. Studying power consumption breakdown will provide valuable insight for system design.



Related Proposals

E///
[bookmark: _Ref165534031]Table 1: Power consumption breakdown
	
	Device 1
	 Device 2a
	Device 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


For Device 1, the expected Tx power consumption is approximately 2-4 μW, and the expected Rx power consumption is approximately 2-7 μW. 
For Device 2a, the expected Tx power consumption is approximately 145 μW, and the expected Rx power consumption is approximately 100 μW. 
For Device 2b, the expected Tx power consumption is approximately ~300-500 μW, and the expected Rx power consumption is approximately ~220 μW.
Proposal 15	For Devices 1, 2a, and 2b, RAN1 to evaluate component-level and overall power consumption of different device architectures to determine whether the architectures meet the RAN design target for power consumption.

Spreadtrum
Table 1 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 2:  Capture the power consumption for ambient IoT device in Table 1 in TR.


Spreadtrum
Table 2 Power consumption and sensitivity of LP-WUR [7]
	Receiver
	RF ED
	Zero-IF ED
	IF ED

	Power consumption
	<10 µW
	300-600µW
	<1000µW; > Zero-IF ED

	Sensitivity
	>-70dBm
	-96dBm~-102dBm
	>-110dBm




Xiaomi
[bookmark: OLE_LINK27]Proposal 4: 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.

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
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.
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.  
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.
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].
Observation 4: Homodyne Rx architecture for FSK reception with FM to AM detector can consume more than 420µW [12].
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. 

IITK
Observation 5: The power consumption of the transmitter chain of device type 2b is considerably higher compared to the backscattering transmitters of device type 2a.
Observation 6: For Device 2b, the power consumption of Tx circuitry is in the range of ~300-500 μW, and the power consumption Rx circuitry is in range of ~150-250 μW. 

Table 2: Power consumption for the devices
	[bookmark: _Hlk165564712]Device
	1
	2a
	2b

	
	
	ED
	
	IF-ED
	RF-ED
	Zero-IF

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

	Rx
	ED
	≤ 2
	ED
	2
	ED
	2
	ED
	2
	RF BPF
	5

	
	RF BPF
	≤ 3
	RF BPF
	3
	Mixer+LO
	110
	RF LNA
	75
	LNA
	75

	
	Comparator/ADC
	≤1
	Comparator/ADC
	1-2
	Comparator/ADC
	6
	Comparator/ADC
	6
	Mixer+LO
	110

	
	BB LPF
	≤ 3
	Digital Processing
	20
	Digital Processing
	20
	Digital Processing
	20
	BB AMP
	10

	
	Clock
	0.1-1
	Clock
	0.1-1
	IF AMP+LPF
	20
	RF BPF
	5
	BB LPF
	5

	
	NV-Memory
	1.5-3
	NV-Memory
	1.5-3
	NV-Memory
	1.5-3
	BB AMP
	10
	Comparator/ADC
	6

	
	V-Memory
	0.1
	V-Memory
	0.1
	V-Memory
	0.1
	BB LPF
	5
	Digital Processing
	20

	
	
	
	RF LNA
	40
	RF LNA
	75
	NV-Memory
	1.5-3
	NV-Memory
	1.5-3

	
	
	
	BB AMP
	10
	BB LPF
	10
	V-Memory
	0.1
	V-Memory
	0.1

	
	
	
	BB LPF
	3
	RF BPF
	5
	Clock
	1
	Clock
	0.1-1

	
	
	
	
	
	Clock
	1
	
	
	
	

	
	Total
	~5-7
	Total
	~80
	Total
	~250
	Total
	~150
	Total
	~250

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

	
	Clock
	0.1-1
	Ring Oscillator
	20
	Mixer+LO
	110
	Mixer+LO
	110
	Mixer+LO
	110

	
	Modulator
	1
	RA
	100
	DAC
	10
	DAC
	10
	LPF
	5

	
	
	
	
	
	Modulator
	1(OOK/BPSK)
10-100(FSK)
	Modulator
	1(OOK/BPSK)
10-100(FSK)
	DAC
	10

	
	NV-Memory
	1.5-3
	Digital Processing
	20
	Digital processing
	20
	Digital processing
	20
	Modulator
	1

	
	V-Memory
	0.1
	NV-Memory
	1.5-3
	NV-Memory
	1.5-3
	NV-Memory
	1.5-3
	Digital processing
	20

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

	
	
	
	
	
	
	
	
	
	V-Memory
	0.1

	
	Total
	~3/6.2
	Total
	~145
	Total
	~300-500
	Total
	~300-500
	Total
	~250-450

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

	-
	1 Tx/Rx
	-
	1 Tx/Rx
	-
	
	
	
	




[High] D2R Tx Modulator Architecture
In current device architecture diagram, tx modulator block for device 1/2a and generic tx chain was captured for device 2b. Related to waveform choice, companies have provided various inputs on tx modulator.

· Two sources (QC, Spreadtrum) have provided detailed diagram of direct modulator architecture for different tx modulator depending on device and choice of waveform/modulation.
· One source (E///) pointed out all three types OOK, BPSK, xFSK could be implemented all three types and their power consumption would be similar.
· One source (CT) preferred OOK as baseline waveform/modulation and suggested to further study OOK, BPSK, FSK.
· Apple: OOK only for device 1, OOK/PSK/FSL for device 2
· LG: Further study OOK, PSK for device 1/2a. FFS FSK
· Xiaomi indicated to study after waveform is selected.
· IITK: no consider FSK for device 1 due to high power
Discussion

PL Proposal 7
Adopt following diagram as tx modulator.
· Device 1/2a with OOK/PSK
· Tx modulator is based on impedance switching between two states.
· OOK/PSK can be realized by the choice of two impedance values.
[image: A diagram of a network

Description automatically generated]
· Device 1/2a with FSK
· Tx modulator is based on impedance switching between two states.
· FSK can be realized by the choice of IF frequency f1 and f2 based on baseband information bits.
[image: A diagram of a network

Description automatically generated]

· Device 2b with OOK
· Baseband information bits controls the switch between LO and output.
[image: A diagram of a diagram

Description automatically generated]
· Device 2b with BPSK
· Baseband information bits selects a phase of differential carrier frequency signal.
[image: A diagram of a machine

Description automatically generated]
· Device 2b with FSK
· Baseband input signal directly controls the choice of carrier frequency f1 and f2 generated from LO.
[image: A diagram of a system

Description automatically generated]

Please provide input on FL Proposal 7.
	Company 
	input

	TCL
	Fine with this proposal. Two comments about it.
· For OOK, one impedance may be as optional item for future study. 
For BPSK, two impedances are needed. However, we think two impedances may be same if transmission line can be added in one impedance to change phase. Thus, we think clarifying two impedances with same or difference value is necessary. 

	Huawei, Hisilicon
	For the study of device architecture, the SID targets to “Identify basic blocks/components of possible Ambient IoT device architectures”. There is no need of investigate the detailed implementations for the transmitter or receiver of the Ambient IoT devices, where various implementations could be used for different optimization purpose.

	Xiaomi
	We still suggest that the candidate waveform modulation should be determined before discussion. At this stage, a large number of waveforms are possible, and if all of them are evaluated, the effort is not worth it.

	Samsung
	We do not think that these elementary modulation diagrams need to be captured, which can be referred from a textbook. Also, the exact architecture can be different from one implementation to another. In our view, current ‘modulation’ block is generic enough. 

	FL
	This is for studying the feasibility of modulator for different modulation/waveform.
The identified architecture is called direct modulation architecture, which is slightly different from mixer-based architecture. It has been reported in may literatures that direct architectures consumes less power.




Related Proposals

	Source
	Input

	E///

	Observation 4	OOK modulation can be implemented in all three device types. 
Observation 5	BPSK modulation can be implemented in all three device types. In Device 1, the power consumption will be the same as for OOK modulation. In Device 2a, the power consumption increase of the modulator will be negligible if the approach with λ/4 line is used, otherwise it will be in the order of few tens of μW when a mixer and an LO is used. In Device 2b, the power consumption in the modulator will be similar to the OOK case.
Observation 6	BFSK modulation can be implemented in all three device types. In Device 1, Device 2a and Device 2b, the power consumption of the modulator will be similar as for OOK modulation. 
Proposal 2	For Device 1, the expected Tx power consumption of OOK, BPSK, BFSK and GFSK would be roughly the same and about 2-4 μW.


	Apple
	[image: A graph with red and blue squares

Description automatically generated]
Figure 3: Comparison of power consumption for OOK and FSK/PSK based receivers

Observation 3: For device type 1, OOK waveform can be accommodated in the constraints of device architecture based on its power consumption requirements
Observation 4: For device type 1, FSK/PSK waveform may not be able to be accommodated in the constraints of device architecture based on their power consumption requirements
Observation 7: For device type 2a, OOK and FSK/PSK waveform can be accommodated in the constraints of device architecture based on its power consumption requirements


	Spreadtrum

	[bookmark: OLE_LINK12][bookmark: OLE_LINK15]Observation 4: The hardware complexity, cost, and power consumption are at the same level for OOK, PSK, and FSK Tx backscatter modulation, and these modulation schemes can be candidate for Device 1 and Device 2a.

[image: A diagram of a radio antenna

Description automatically generated]

[image: A diagram of a computer system

Description automatically generated with medium confidence]

	CT

	Proposal 4: Study the following device Tx modulator architectures in terms of power, complexity, cost, etc for different device types.
· OOK as baseline.
· FFS: PSK, FSK.
· Note: further check the alignment with AI 9.4.2.1.
Proposal 5: Study the impact of modulation/waveforms choices (OOK, PSK, FSK, etc) on device architecture considering following aspects.
· Tx signal generation schemes (backscatter/active generation)
· Hardware complexity/cost in RF/BB
· Power consumption
· Modulation factor (or reflection loss)
· Link (BER) performance (detailed study to be done in 9.4.2.1)


	Xiaomi

	Proposal 18: Tx modulator architectures of devices could be addressed subsequent to the determination of the waveform.


	LG

	Proposal 4: For AmIoT (backscatter) transmitter architectures, study the following modulators:
-	OOK modulator
-	Binary PSK modulator
-	FFS: Binary FSK modulator

	QC

	Proposal 3: RAN1 to adopt following transmitter architecture diagrams for device 2b; OOK based active tx signal (left) and FSK based active tx signal (right).
[image: A black and white image of a diagram

Description automatically generated with medium confidence]

Observation 2: Direct modulation transmitter architecture in Figure 8 for BPSK can achieve power consumption of a few hundreds of uW.
Proposal 4: RAN1 to adopt following transmitter architecture diagrams in Figure 11 for device 2b generating PSK based active tx signal: 1) ILMF based (left) and 2) differential VCO/phase selector based (right)
[image: A diagram of a clock

Description automatically generated]    
Observation 3: OOK backscatter modulator could be realized by selecting two different reflection coefficients with different magnitudes based on baseband information bits.
Observation 4: BPSK backscatter modulator could be realized by selecting two different reflection coefficients in conjugate relationship based on baseband information bits.
Proposal 5: RAN1 adopt following transmitter architecture diagram, shown in Figure 13, for OOK/BPSK backscatter transmitter.
[image: A diagram of a small network

Description automatically generated]
Figure 13 Backscatter transmitter architecture for OOK/BPSK
Observation 5: Binary FSK backscatter modulator could be realized by introducing small frequency shift based on two intermediate frequencies  f1 and f2 which is mapped to binary baseband information bits.
Proposal 6: RAN1 adopt following transmitter architecture diagram, shown in Figure 14, for FSK backscatter transmitter.
[image: A diagram of a small network

Description automatically generated]
Figure 15 FSK backscatter transmitter

	TCL
	Architecture
· OOK 


· BPSK


· 2FSK

[image: ]

The comparison of three different modulations
	Modulation architectures
	Power consumption
	Modulation schemes
	Return
Loss (dB) 
	Modulation complexity
	Phase
robustness

	ASK/OOK
	<1µW
	Load modulation
	~5dB
	good
	good

	BPSK
	<1µW
	Load modulation
	~5dB
	good
	poor

	2FSK
	tens of µW~ hundreds of uw 
	Load modulation
/Non-load modulation
	>5dB
	poor
	poor




Proposal 16: BPSK for Tx modulation should be supported for future research and discussion.
Proposal 17: 2FSK should not be supported for device 1 and device 2a because of the larger power consumption, larger return loss and possible aliasing phenomena.


	Lenovo
	[image: ]

Figure 7: RF transmitter for passive Ambient IoT type 1 device (~1 µW)
[image: ]
Figure 8: RF transmitter for semi-passive Ambient IoT type 2a device (Few100 µW)
[image: ]
Figure 9: RF circuitry for different backscattering modulators
[image: ]
Figure 10: RF transmitter for active Ambient IoT type 2 device (Few100 µW)
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. 




	Comba
	Proposal 4：For D2R Tx Modulation Architectures, study the following modulations for different device types, discuss the device complexity, power consumption and other effects of the modulator.
· ASK/OOK modulator
· PSK modulator
· FSK modulator


	IITK
	Proposal 2: FSK should not be considered for device 1/2a because of the larger power consumption compared to OOK.





[High] RF/IF/BB Filter and Selectivity
One source (E///) indicated that RF BPF is needed to achieve selectivity for device 2 w/ IF-ED and ZIF receiver. It was also suggested that DL FDMA could be support to support multiplexing of channels in R2D. 
CATT, Xiaomi, Nokia, LG, QC mentioned to further study the how to achieve selectivity

Discussion
FL Proposal 8
Further study how to achieve selectivity for device 1/2a/2b.
· Study feasibility and selectivity of RF BPF/IF filter/BB filter in terms of size, cost, frequency, bandwidth, implementation type, etc
· Study selectivity by antenna and matching network

Please provide feedback for FL Proposal 8.
	Company 
	Y/N
	Input

	TCL
	Y
	

	Huawei, Hisilicon
	
	We don’t see the need to study the detailed implementation aspects of various filters or equivalent blocks/components for frequency selectivity.
As described in our tdoc on evaluation assumptions, BB low-pass filter can be simply implemented by a 3rd or 5th-order RC filter, which consists of limited number of resistors and capacitors. As a passive circuit, there is no additional power consumption for the RC filter. The cut-off frequency can be at 100-kHz level, depending on the parameters of the resistors and capacitors. The modeling of the BB filter can be discussed in 9.4.1.1.
The RF-BPF and IF filter for interference rejection should be studied in RAN4, if needed, according to their coexistence evaluations.

	Xiaomi
	
	Fine with the proposal.

	Samsung
	Y
	

	Ericsson
	Y
	

	FL
	Y
	FL recommend companies to check feasibility RF BPF, which seems more critical than other cases.



Related Proposals	
	Source
	Input

	E///

	Observation 1	An RF BPF is needed to suppress out-of-band interference. 
Observation 2	The BW of RF BPF can be around 10 MHz.
Observation 12	An RF BPF should be used after the antenna since the antenna bandwidth should cover both the uplink and downlink bands.
Observation 13	Channel selection filter, and hence DL FDMA, may not be feasible if the RX architecture is based on RF-ED. 
Observation 14	Channel selection filter, and hence DL FDMA, is feasible with other RX architectures, such as IF-ED and ZIF. 
Observation 15	It is beneficial, especially for Devices 2a/2b (with zero-IF or IF-ED architectures), to support DL FDMA since their coverage target may be larger than that of Device 1 (with RF-ED architecture).
Proposal 6	Study channel selection filter to support DL FDMA for Device 2a and 2b with ZIF and IF-ED architectures.

	CATT

	Proposal 2: The feasibility and benefits of including BPF and/or LPF in A-IoT architecture need to be further studied with the consideration of A-IoT requirements on bandwidth, frequency, power consumption, cost, and size.
Proposal 3: Send LS to RAN4 asking RAN4 to provide appropriate filter design along with parameter recommendations for Device 1 and Device 2a/2b.

	Xiaomi
	Proposal 17: 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.

	Everactive
	Observation 2: SIR of Device 2b is around -15dB

	Nokia

	[bookmark: Proposal10536]Proposal 12: Study the benefits of using IF-ED or Zero-IF receiver rather than RF ED for receiver selectivity related to CW/R2D signal frequency flexibility and multi band support.

	ZTE

	Proposal 4: The operating frequency range of device 1 does not exceed the Ambient IoT system bandwidth.

	LG
	Proposal 8: Study whether/how to improve frequency selectivity of AmIoT device, e.g., feasibility of RF BPF, BB filter, antenna selectivity, etc.

	TCL
	Observation 14: 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.
Observation 15: -36dBm is an absolute power threshold for spurious emission of NR UE based on the requirement of TS 38.101, and 3rd intermodulation interference from device 2b transmitter may larger than that of power threshold, which may interfere NR UE’s spurious emission.

Proposal 13: RAN 4 should study and analyze the impact of 3rd intermodulation interference from device 2b transmitter on NR UE at out of band or spurious areas.

Proposal 14: Discuss the necessity of RF BPF after PA at device 2b transmitter to control 3rd intermodulation interference and phase noise.





[High] EH Model/Energy Storage / Charging Time
10 companies (Oppo, E///, Everactive, Nokia, vivo, DCM, LG, Xiaomi, QC, Apple, NEC, Lenovo, ID) have indicated to study energy storage, charging time aspect to better understand their impact on device operation.
· Oppo suggested to discuss charging/discharging model/behavior, PCE, energy storage size (1uF, 10uF) assumption for different devices, and their impact on device operation
· Five source (vivo, Apple, Oppo, QC, Xiaomi, ID) had discussion on RFEH model including power conversion efficiency (PCE) and its dependency on rx power level.
· E/// indicated that RAN1 study energy storage size, device operating duration for inventory process
· Everactive mentioned the important of capturing leakage in discharging model. Cold start is challenging.
· Nokia indicated lowest power state w/o memory retention, and its role in device operation.
· Vivo, NEC, Lenovo has provided detailed analysis of energy storage size, device operation time calculation as a starting point of study.
· DCM, LG, Xiaomi, QC, TCL, Lenovo, ID: RAN1 to study RFEH, energy storage, etc

Two sources (Apple, Samsung) suggested to discuss RFEH aspect on device availability in other system design agenda.

Samsung suggested to avoid studying energy storage size.
Spreadtrum suggested to assume that energy is always available during device operation.

Discussion 
FL Proposal 9
Study following aspects of RF energy harvesting in relation to device availability during inventory process.
· Study charging / discharging model (9.4.2.2)
· Device sustainable operation time and its impact on inventory process (9.4.2.2)
· Study power conversion efficiency (PCE) model (9.4.1.2)
· Device power consumption level and energy storage size (9.4.1.2)
· Device wake up mechanism (e.g., power/energy/sequence detection) (9.4.1.2)
· Device sleep states/clocks (9.4.1.2)

Please provide input on FL Proposal 9.
	Company
	Input

	Huawei, Hisilicon
	We don’t agree with the proposal.
The details of RF energy harvesting and energy storage are not included in the SID or the RAN design targets. They are out of the scope of 3GPP.
The device power consumption model is also not included in the SID or the RAN design targets. For the sake of modest workload, there is no need to study it in the SI.

	Xiaomi
	Prior to delving into the 5th and 6th bullet points, it is imperative to elucidate the  definitions of the waking state and the sleeping state.

	Samsung 
	The current proposal is too specifically provide guidance to other agenda items. We can make it more high level as follows. 
FL Proposal 9 (Samsung)
Study the impact of energy unavailability during inventory process as follows:
· 9.4.1.2: HW/device architecture related issues, e.g., power conversion efficiency (PCE) model. 
· 9.4.2.2: Timing/frame structure procedural aspects, e.g., device unavailability study, procedure to handle the unavailability.
· 9.4.2.3: Signal/channel related aspects, e.g., Wake-up signal and detection.


	FL
	FL Proposal 9-v2
Study following aspects of RF energy harvesting in relation to device availability during inventory process.
· 9.4.1.1: Evaluation related aspects: e.g., power consumption model, sleep state/clock assumptions
· 9.4.1.2: HW/device architecture related issues: e.g., power conversion efficiency (PCE) model, device wake up /sleep enablers such as power/energy/sequence detection, energy storage size
· 9.4.2.2: Timing/frame structure procedural aspects: e.g., impact of device unavailability on tx/rx, device sleep and wakeup schemes

	FL
	FL Proposal 9-v3 (outcome of offline)
Study following issues for at least RF energy harvesting in relation to device availability on transmission and reception during inventory process.
· HW/device architecture related issues: device states (power, clock assumption, memory), power conversion efficiency (PCE) model, [device wake up /sleep enablers e.g., power/energy/preamble detector], required energy storage size, charging/discharging model, device sustainable operation time
· 9.4.2.2: Timing/frame structure procedural aspects: e.g., impact of device unavailability on tx/rx, device sleep and wakeup schemes, related procedures, etc

	
	

	
	



Related Proposals

	Source
	Input

	Oppo

	Observation 1: The assumption agreed in RAN#103 of “up to several tens of seconds” of one device’s unavailability time due to charging is based on RF energy harvesting.
Proposal 1: In order to determine whether and what are potential impacts on device availability for transmission and reception procedures, as a starting point, RAN1 needs to first discuss and determine reasonable assumptions that can be made on device energy charging and discharging behaviours / models.
Proposal 2: It is proposed to take the following assumptions as a starting point to determine a device energy charging model.
· Energy storage capacity
· Device 1: 1µF for the storage capacitor
· Device 2a and 2b: 10µF for the storage capacitor
· Energy storage level to power-ON a device: 50%, 70% or 80% of energy storage capacity
· Device energy harvesting/charging and discharging are performed in a TDM manner.
· Energy harvesting/charging in a device can be carried out only during a non-R2D monitoring time and non-D2R transmission time.
	Incident RF input power level X (dBm)
	Power conversion efficiency for EH (%)

	X < -30dBm
	[<5] %

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

	-20dBm <X < -10dBm
	[10-22] %

	-10dBm < X < 0dBm
	[22-49] %




	Apple
	[image: ]
Observation 1: Peak power conversion efficiency can be achieved in the range of 75%-85% for typically high SNR regime
Observation 2: Power conversion efficiency of less than 40% is achievable in the range of achievable activation threshold of -20dBm to -25 dBm
Proposal 5: Energy harvesting aspects are not further studied under device architecture
-	Physical design aspects due to unavailability of device for up to 10s of seconds can be studied under other agendas of this study item.

	E///

	Although the harvested energy can be large, the energy storage size, e.g., capacitor size, may not be very large due to cost and size considerations. For Device 1, a 10 μF capacitor (or perhaps even smaller) may be enough to sustain for the entire inventory round due to its low peak power consumption. However, for Devices 2a and 2b, a much larger capacitor is needed to sustain for the entire inventory round due to their much higher peak power consumption. The consequence of having a smaller capacitor (e.g., a 10 or 20 μF capacitor) is that the device may need to harvest energy (perhaps for several times) within a single inventory round. We think such aspects are important to study in RAN1 and can be used as an input during protocol design.
Proposal 16	The energy storage size can be different for different device types.
Proposal 17	RAN1 to study energy storage size and operating duration for different device types.

	Everactive

	Observation 3: Leakage current of a storage capacitor is critical for energy harvesting
devices to sustain operation during periods of no new harvested power. Supercapacitors
offer low leakage, high energy density options that are good candidates for A-IoT
devices. From full charge, their self-discharge time is 10-20 days.
Observation 5: Cold start is the most challenging requirement for an energy-harvesting
PMU.

	Nokia

	Based on each Ambient IoT device type’s capabilities, different memory blocks may be included. A form of non-volatile memory will be necessary for all device types to at least store the device ID and device type. Registers can hold temporary information related to the ongoing session but to conserve energy in the energy storage block, the contents would not be preserved during power down by default. 
An exception would be if the network session control instructs to do so, via R2D configuration. In that case, the device may enter a "sleep” mode that preserves a subset of the register contents before it wakes up again e.g. by an on-device timer event. This can be advantageous for time-deferred Ambient IoT device transmission for interference or contention avoidance. Following that operation, the device can power-down, which will erase contents of the registers.
Proposal 9: 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.

	Vivo
	
	Capacitance (uF)
	Max./Avail Energy size(uJ)
(Voltage: 1V)
	Sustainable Operation Time (s)

	
	
	Power for only preamble detect or light sleep: 0.1uw
	Power for Rx/Tx data: 1uw
	Power for Rx/Tx data: 100uw

	0.5
	0.25/0.125
	1.25
	0.125
	0.0013

	1
	0.5/0.25
	2.5
	0.25
	0.0025

	5
	2.5/1.25
	12.5
	1.25
	0.0125

	10
	5/2.5
	25
	2.5
	0.025

	20
	10/5
	50
	5
	0.05



Observation 4: 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 5: 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.
Proposal 3: According the device's power consumption, operational cycles, device size and cost, different capacitor sizes are required for different devices 1/2a/2b, Table 2 can be used as starting point.
Proposal 4: 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 3 can be used as starting point.
Observation 6: The energy storage time based on RF energy harvesting increases linearly with the capacitance size, and decreases nonlinearly with the RF input power. 
Observation 7: 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.


	Samsung

	Observation 2: It is either unnecessary or infeasible to formulate a charging time or duty cycle of a device, as different RF energy harvesting modules have different activation threshold, maximum generation power, capacitor size, energy harvesting link channel condition, conversion rate, etc.
Observation 3: For energy harvesting other than from RF, it is also 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.
Observation 4: Even after RAN1 conducting a study on charging time or depletion time, it’s highly likely that the results have a wide range as it depends on various factors, which does not lead us to any meaningful conclusion or use of the study outcome.
Proposal 1: Study the impact of energy harvesting on the device availability in the system design agenda items (not in this architecture agenda item) from a general consideration that there can be devices unreachable for a given moment.
Proposal 7: Energy storage size is not in the study scope. A device behavior when running out of energy during inventory round shall be discussed in a system design agenda item, not in this architecture agenda item.

	DCM

	Proposal 7: Study the sustainable device operation time for an inventory/command process.
· Study the assumption on energy storage including applicable capacitor size.
· FFS: Whether A-IoT device cannot perform energy harvesting and communication in parallel

	Spreadtrum

	Proposal 3: For R19 A-IoT, it should be assumed that the energy of an Ambient IoT device is enough when it is communicating with the reader.
Proposal 4: The behaviour or additional procedure of ambient IoT devices when the device ran out of energy during the inventory process can be further optimized in RAN2 in future releases.

	Xiaomi
	Proposal 14: Power conversion efficiency for RF-based energy harvester module at 900MHz could be assumed a starting point for discussion with a charging efficiency range of 10~50%.
Proposal 15: RAN1 should provide clarification regarding the A-IoT device's energy storage based on capacitor, and the specific size of the capacitor may vary depending on its implementation.

	LG

	Proposal 5: For RAN1 study purpose, consider RF energy harvesting time and its impact on device availability.
Proposal 6: 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

	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 12: Device 2 requires additional 1uF of capacitance to sustain one more round in an inventory process (when Tx power is assumed to be 200uW).
R1-2405155
Observation 10: Power model allows the feasibility study of ambient IoT system in terms of device energy storage, energy storage cost, system design (inventory process), etc.
Proposal 25: Adopt power model captured in Table 6.
Device power consumption model
[image: ]

	NEC
	Proposal 4: 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.

	TCL
	Observation 17: The received power for AIoT device will reduce to below 10uW when distance>20m at 910MHz.
Proposal 19: The configuration of inside/outside CW node including CW frequency/bandwidth/space distance for different AIoT device types needs to be considered. 
Observation 18: It can be observed RF energy source at least is supported for device 1 and no any definition for device 2a.
Proposal 20: RF energy is necessary for device 1/2a/2b, and solar/thermal/vibration could be considered for device 2a/2b.

	Lenovo
	Proposal 9: Consider studying the minimum capacitance size needed to sustainably operate the device within an inventory round
Proposal 9: Consider studying the minimum capacitance size needed to sustainably operate the device within an inventory round
Proposal 10: Consider the outage probability as non-availability of energy from the capacitor to sustainably operates the Ambient IoT device within an inventory round to transmit EPC ID.
Proposal 11: Consider the rectifier efficiency as a function of received power for storing the harvested energy at device capacitor. 
[image: ]
Proposal 12: Evaluate the power consumption of the Ambient IoT device within a inventory round considering duty cycle-based operation for all device type, 
· Periodic Rx and synchronization 
· Minimum sleep state to maintain the RAM memory 
· Tx operation for transmitting random access and EPC ID
Observation 5: Sustainable operation time of the device is defined as the time duration of the Ambient IoT devices to operate successfully within an inventory round without going into outage and the sustainable operation time of  a device varies with the distance from the emitter. 
Observation 6: Energy harvesting having positive impact on the sustainable operation time of the Ambient IoT device. 
Proposal 13: Evaluate the sustainable operational duration of Ambient IoT devices with and without Energy harvesting within an inventory round 


	ID
	Ambient energy harvesting, from RF or non-RF sources, is one of the key features of ambient IoT devices. The device architecture agreements for different device types considers RF energy harvester, power management unit and energy storage unit. Hence, different aspects related to energy harvesting and energy storage such as energy harvesting rate, energy harvesting efficiency (e.g., power conversion efficiency from RF to DC power), energy storage efficiency, energy storage capacity, etc. should be identified and studied. Additionally, such capabilities of ambient IoT devices can be expected to be different for different device types.
If not considered, the system design for such devices could be just based on instantaneous energy harvesting and transmission and such system could only work if the CW source is sufficiently close to the device (at least in case of device 1 and 2a). 
Proposal 8: Ambient IoT study to include assumptions on energy storage and energy harvesting efficiency for evaluation of sustainable operation time and device availability.






[High] Clock/LO
Companies have provided input on clock/LO in two different agendas 9.4.1.1 and 9.4.1.2.
In 9.4.1.2, we discuss 

· E/// provided input that XO is feasible (low power consumption, reasonable size, low error, high stability) for all device types.
· Oppo, CMCC, DCM indicated initial SFO of 10^4~10^5 ppm.
· HW mentioned that 10^5 could be minimum error.
· Regarding feasibility of clock calibration, three companies (Nokia, DCM, QC) mentioned that it is feasible. The calibrated clock based on synchronization could be beneficial in generating more accurate e.g., sampling, IF or carrier frequency generation.
· Vivo indicated 10^4~10^5 ppm for device 1/2a and 10^2 for device 2b. The frequency error in DL and UL could be different. 
· ZTE, Xiaomi, Comba provided 10^4~10^5 for device 1, 10^3~10^4 for device 2a, 10^2 for device 2b
· Spreadtrum indicated 10^4~10^5 for device 1, higher accuracy for device 2.
· NEC indicated 10^4~10^5 for device 1, 100ppm for device 2.
· QC provided multiple clocks for different purposes including sampling, IF, carrier frequency generation. 
· Initial accuracy is 1% ~ 10% for device 1, and 1~5% for device 2. 
· Post sync error <1% for device 1/2a. 50ppm for device 2b.

Discussion

FL Proposal 10
Following descriptions on clock/LO are captured.
	Clock #
	Description
	Applicable
device types
	Clock
speed
	Power 
consumption
	Initial clock
Accuracy (i.e., before clock sync)
	Accuracy after 
clock sync

	Clock 1
	Sampling for sync signal or preamble detection.

Light sleep w/ memory retention
	Device 1, 2a, 2b
	[10s] kHz to [1]MHz
	<< 1uW
	[10^4 ~ 10^5] ppm
	[< 10^4]ppm

	Clock 2
	Frequency shift
	Device 1, 2a
	1.92 MHz or A few  MHz
	<1uW
<10s uW
	[10^4 ~ 10^5] ppm
	[< 10^4]ppm

	Clock 3

	Reference clock for generating carrier frequency for active device.
	Device 2b
	A few [1] MHz
	10s ~ 100 uW
	[10^3~ 10^5] ppm 
	[10^2]ppm

	Note: Depending on implementation, clock 1 and 2 could be merged into one clock.
Note: Device can calibrate its clock after clock synchronization.
FFS: whether above clock could be assumed as XO.




Please provide input for FL Proposal 10.
	Company
	Y/N
	Input

	TCL
	Y
	

	Huawei, Hisilicon
	
	We don’t agree with the proposal.
For Device 1, there is expected to be only one clock, which can support different chip length by counters for simple frequency division and doubling. Referring to the implementation of the UHF RFID tag, clock generator usually takes a considerable portion of the overall device power consumption and chip size. Multiple clocks lead to non-negligible increased complexity and power consumption for at least Device 1. Frequency calibration is also inapplicable for Device 1, for which the required frequency tracking and correction are too complicated.
It is also no need to specifically discuss about the clock for frequency shifting. The required sampling clock frequency for the small frequency shifting can be studied in 9.4.2.1. The power consumption and frequency accuracy for the large frequency shifting have been included in the corresponding discussions.
The reference clock for the RF carrier-wave generation in Device 2b has also been included in the corresponding study of the specific transmitter architecture.
The study of the sampling clock and the local oscillator for IF/RF carrier-wave generation should not be mixed.

	Xiaomi
	
	general fine with the proposal. 

	FL
	
	
FL Proposal 10-v2
Following descriptions on clock/LO are captured.
	Clock #
	Purpose
	Applicable
device types
	Clock
speed
	Power 
consumption
	Initial clock
Accuracy (i.e., before clock sync)
	Accuracy after 
clock sync

	Clock 1
	Sampling for sync signal or preamble detection.

Light sleep w/ memory retention
	Device 1, 2a, 2b
	[10s] kHz to [1]MHz
	<< 1uW
	[10^4 ~ 10^5] ppm
	[< 10^4]ppm

	Clock 2
	Sampling, 
Frequency shift
	Device 1, 2a, 2b
	1.92 MHz or A few  MHz
	<1uW
<10s uW
	[10^4 ~ 10^5] ppm
	[< 10^4]ppm

	Clock 3

	clock for generating carrier frequency
	Device 2b
	 Same as carrier frequency
	10s ~ 100 uW
	[10^3~ 10^5] ppm 
	[10^2]ppm

	Note: Depending on implementation, clock 1 and 2 could be merged into one clock.
Note: Device can calibrate its clock after clock synchronization.
FFS: whether above clock could be assumed as XO.



@HW, please check Note saying that clock 1 and 2 could be one clock depending on implementation. Clock 3 is only for device 2b to cover carrier frequency generation – there is no other place to discuss its power, or clock error requirement, and post error.




Related Proposals	

	Source
	Input

	Oppo

	Proposal 7: For device 1, SFO can be in range of 10^4~10^5 ppm. FFS to have one value. For Device 2a/2b, less than or equal to 1000 ppm for SFO is required.

	CMCC

	Proposal 6: For design of the A-IoT R2D and D2R link, sampling Clock with around 1-2 Msps and maximum 10^4 ~ 10^5 ppm SFO is considered.

	E///

	A 32 kHz crystal oscillator can have (a) very low power consumption in the order of 10s of nW; (b) reasonable size, especially compared to the LC oscillator; (c) a much lower frequency error in the order of 10s of ppm; and (d) higher stability vs temperature variations [14],[15]. 
In [16], a 32 kHz crystal oscillator with 18nm CMOS technology and having 162nW power consumption and an area of 0.022mm2 has been demonstrated. In [17], a 32kHz crystal oscillator in 28nm CMOS technology with 1.9nW power consumption, 0.03mm2 area and frequency variation of 49 ppm within the temperature range -20°C – 80°C is shown. 

Observation 16	The very high error of LC/RC relaxation oscillators will increase synchronization time with the network, resulting in higher energy consumption at the device and increasing complexity for synchronization (time/frequency error correction).
Observation 17	The much lower frequency error of a crystal oscillator will allow the device to reduce synchronization time, energy consumption, and communication complexity.
Observation 18	A crystal oscillator is feasible and beneficial for all three device types. 
Proposal 7	A crystal oscillator should be considered for all three device types.
Proposal 8	For Ambient IoT, reuse the initial clock error and clock drift assumptions as for LP-WUR in TR 38.869. Specifically, for all device types, down-select between the following options for the initial clock error [ppm] and clock drift [ppm/s]:
•	Option 1: (200, 0.1)
•	Option 2: (50, 0.1)
•	The clock error post synchronization/calibration is FFS.

	HW

	Proposal 16: For Device 1, the clock frequency is required to be sufficiently low (e.g., ≤ 1.92 MHz) to reach required power consumption.
Observation 9: 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.
Proposal 17: A maximum initial sampling frequency offset of 105 ppm is assumed for Ambient IoT device i.e., X = 5.

	Nokia

	In prior RAN1 meetings there has been discussion on initial sampling frequency offset (SFO) for AIoT devices on the order of 104~105 ppm, where this would be further reduced after some synchronization/calibration between the reader and device. This synchronization could facilitate generating a more accurate IF frequency. However it comes with additional cost for performing the synchronization, which needs to be studied.
[bookmark: Proposal10531]Proposal 7: Study to evaluate if synchronization for initial SFO reduction is feasible and therefore advantageous for accurate IF frequency generation, considering power budget and implementation complexity.

	Vivo

	Proposal 7: To ensure the performance of decoding and correct backscatter frequency, the clock frequency should be at least no less than 1.28 MHz or 1.92 MHz.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Observation 8: The frequency error is different for DL(around 104 PPM) and UL(around 105 PPM) for device 1 and device 2a.
Proposal 8: considering the below power consumption and error:
· For device 1, initial sampling clock error is 104~105 PPM with a few hundred nW power consumption
· For device 2a, initial sampling clock error is 104~105 PPM with no higher than a few uW power consumption
· For device 2b, initial sampling clock error is 102 PPM with tens of uW power consumption


	ZTE

	Proposal 2:  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

	DCM

	Proposal 4: Study initial sampling offset for each device type which corresponds to the SFO without receiving corresponding timing acquisition/synchronization signal.
· initial sampling offset can be [104 ppm to 105] as a starting point
· FFS: Whether/how initial SFO can be different depend on the device type
Proposal 5: Study post-synchronization sampling frequency offset for each device type which corresponds to the compensated SFO after receiving timing acquisition/synchronization signal.
· FFS: detailed value for each device
Proposal 6: Study whether a device can have multiple clocks (e.g., for during inventory/command process and for before/after the process) or single clock.
· FFS: Power consumption and performance (clock speed, timing accuracy etc.) of each clock

	Spreadtrum

	Proposal 6: For Device 1, the initial sampling frequency offset (SFO) up to 10X ppm, where X = 4 or 5.
Observation 6: The initial sampling frequency offset (SFO) of Device 2a/2b is smaller than that of Device 1.

	CT

	Proposal 6: Study local oscillator (LO) (i.e., PLL, FLL) with at least considering following aspects.
· The relationship between modulation schemes and LO types
· The feasibility of one LO for both Tx and Rx
· The impact on cost, device complexity and power consumption

	Xiaomi

	Proposal 19: Following initial SFO accuracy is assumed for the sampling clocks of device types.
	
	Device 1
	Device 2a/2b

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




	QC

	Observation 14: Time sync signal could be used for clock calibration for all device types. 
Observation 15: To support large frequency shift (device 2a) and active carrier frequency generation (device 2b), additional frequency synchronization signal is needed for clock calibration.
Proposal 15: For evaluation purpose, it is assumed that device 1/2a/2b can support at least following three clocks in Table 14 for sampling/sleep, frequency shifting, carrier frequency generation within their power consumption budget.
Table 18 List of clocks to be considered for evaluation of A-IoT devices
	Clock #
	Description
	Applicable
device types
	Clock
speed
	Power 
consumption
	Initial clock
Accuracy (i.e., before calibration)
	Accuracy after 
clock calibration

	Clock 1
	Sampling for sync signal or preamble detection.

Light sleep w/ memory retention
	Device 1, 2a, 2b
	[10s] kHz to [1]MHz
	<< 1uW
	[1, 10]% error
	After clock calibration based on sync signal/preamble or symbol clocking information from line coding, accuracy of <1% is achieved.

	Clock 2
	Frequency shift for backscattering
	Device 1, 2a
	A few [1] MHz
	<1uW
<10s uW
	[1~5]% error before calibration.
	Accuracy of <1% is achieved.

	Clock 3

	Reference clock for generating carrier frequency for active device.
	Device 2b
	A few [1] MHz
	10s ~ 100 uW
	[1~5]% before calibration

	After clock calibration based on sync signal, clock can achieve accuracy of [50]ppm.


 

	NEC
	Proposal 3: 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

	Comba
	Proposal 6：Consider the following initial SFO accuracy assumptions for ambient IoT,
· Initial SFO of 10^4 ~ 10^5 ppm for device 1
· Initial SFO of 10^3 ~ 10^4 ppm for device 2a
· Initial SFO of 200 ppm for device 2b






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

Companies have provided input on device wake up mechanism including power detection and sequence detection.

· CMCC: Do not consider sequence detection. Consider power detector w/ edge detection for all devices.
· Apple: Do not consider sequence correlation based detection.
· HW: Conventional sequence correlation e.g., requiring multiplication or large number of adding, should not be considered for device 1.
· Nokia: power detector could trigger false wake up. Power detector followed by preamble/sequence detection would be required. 
· QC: Consider power/energy/sequence detection for device 1 and 2.

One thing FL realize is that by “sequence detection” companies think traditional way of sequence detection – requiring large number of samples and multiplication operation. It should be noted that preamble detection done by RFID is also kind of sequence or patten detection. Detection mechanism might not necessarily require multiplication and add operation. It could be just comparison between detected bits and known bit sequence, or it could be length detection of consecutive On or Off (as RFID).

Discussion

FL Proposal 11
Further study device wake up mechanism based on following wake up mechanism
· Power detection: strong incident RF power powers passive circuits and trigger BB wake up
· Energy detection: device wakes up based on energy storage status (e.g., full charge)
· Sequence detection: device performs patten detection based on separate low power circuit and trigger BB logic wake up once pattern is detected.
· Note sequence detection may or may not require multiplication or adding.
· FFS: device specific wake up mechanism.

Please provide input on FL Proposal 11.
	Company
	Input 

	Huawei, Hisilicon
	From the perspective of the corresponding SID objective for 9.4.1.2, we don’t see the need to study the detailed implementation of the above mechanisms. We also have concern on the name of “wake up”, as the above mechanisms are actually the detection methods for the start of a R2D transmission. 
From the perspective of device capability, sequence correlation cannot be supported at least by Device 1, especially the sliding correlation operation usually requiring much higher clock frequency than the sampling frequency. Instead, the detection of a simple pattern of the transition edges can be considered. For example, two or more transition edges in the same direction with a pre-defined interval can be considered, which has been supported by the UHF RFID tag. 
Such transition edge pattern detection can be triggered by the energy detector. As energy detection is expected to enjoy lower power consumption, it is suitable to be used as the first step for the detection of the R2D transmissions. Then transition edge pattern detection can be applied to confirm the arrival of a R2D transmission, and also used for chip length detection.

	Xiaomi
	Not support. 
Due to the limitation of memory and other factors, using sequence to wake up is limited in terms of implementation. In addition, it is difficult to guarantee the false wake probability of the device with its own low capability. Moreover, it is unclear what is waking state  and what is the sleeping state. Due to the simple structure of the device, when the device runs out of power, it will naturally shut down completely until it collects enough energy to work. This process does not need any mechanism to wake up, it is a natural process.

	Samsung
	We can discuss how a device may detect a preamble; however, wake up mechanism may not be a part of this agenda item. We suggest to discuss in 9.4.2.3.

	Ericsson
	Similar view as Samsung.

	FL
	Procedure details/procedures could be discussed in agenda 9.4.2.2. 
In this agenda 9.4.1.2, we capture each scheme’s HW perspectives, e.g., required circuit / block, complexity, power consumption, etc.
FL Proposal 11-v2
Further study device architecture/HW perspective of device wake up mechanisms in terms of required HW complexity, power consumption, etc
· Power detection
· strong incident RF power powers passive circuits and trigger BB wake up (passive circuits for detecting incoming signal)
· Energy detection
· device wakes up based on measuring energy storage status (capacitor voltage) 
· Preamble detection
· device performs pattern detection based on separate low power circuitry and trigger BB logic wakes up once a certain pattern is detected. (HW block separate from BB logic is used).
· FFS: device specific wake up mechanism.


	
	



Related Proposals

	Source
	Input

	CMCC

	Proposal 5: for R2D, Sequence detector is not considered. Only power detector and/or raising/fall edge detector are considered for all devices for R2D.

	Apple

	Proposal 2: For device type 1, sequence correlation-based detection should not be further considered for device architecture
Proposal 3: For device type 2a, sequence correlation-based detection should not be further considered for device architecture
Proposal 4: For device type 2b, sequence correlation-based detection should not be further considered for device architecture

	HW

	Observation 10: 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.

	Nokia

	[bookmark: Observation77359]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 (or RF power detection followed by preamble/sequence detection) which may have a higher power threshold than what is required for subsequent reception and decoding of R2D payload data. 
[bookmark: Proposal10534]Proposal 10: Distinguish/separate definitions of device power-up threshold and receiver sensitivity in the RAN1 study. 
[bookmark: Proposal10535][bookmark: Proposal47043]Proposal 11: Consider the conclusions and recommendations from the 3GPP WUS/WUR study 0 for similarity and applicability also for the Ambient IoT D2R signal and Ambient IoT device receiver design.
[bookmark: Proposal10537][bookmark: Proposal47044]Proposal 13: 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 normal NR traffic.

	QC

	Proposal 11: Device 1 support power detection based wake up mechanism.
Proposal 12: Device 2a/2b support sequence detector based wake up mechanism consuming 1uW of power consumption.




Energy sources for A-IoT Study
Discussion

FL Proposal 12
RF energy is baseline energy source for Rel-19 A-IoT study.

Please provide input on FL Proposal 12
	Company
	Y/N
	Input

	TCL
	Y
	Device 1 only considers RF energy because of its lower cost.

	Huawei, Hisilicon
	
	The proposal is unnecessary.
The suitable energy source(s) for Ambient IoT devices depends on specific scenarios and solutions, which is out of the scope of 3GPP. 

	Ericsson
	N
	Fine with the proposal for Device 1, but not for other device types. RF energy has low energy density, and therefore, RF energy alone may not be enough for Device 2a/2b.



Related Proposals	

	Source
	Input

	Xiaomi

	Proposal 13: Radio wave should be regarded as baseline power source for A-IoT passive device, while not precluding the exploration of alternative resources as potential power sources in the product.
Proposal 14: Power conversion efficiency for RF-based energy harvester module at 900MHz could be assumed a starting point for discussion with a charging efficiency range of 10~50%.

	vivo
	Proposal 5: Given the extremely long time for RF energy harvesting, and limited sustainable time for Tx/Rx operation, relying solely on RF energy harvesting as an energy source for device 2 in insufficient, and other energy harvesting methods e.g., vibration, solar, and etc, should be considered for power supply.

	CT
	Proposal 7: For RAN1 study purpose, it can consider RF energy source for A-IoT Device 1 as baseline.
Proposal 8: Further study whether only RF energy source can be applicable for A-IoT Device 2.

	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. 

	TCL
	Observation 18: It can be observed RF energy source at least is supported for device 1 and no any definition for device 2a.
Proposal 20: RF energy is necessary for device 1/2a/2b, and solar/thermal/vibration could be considered for device 2a/2b.


	Lenovo
	Proposal 8: Consider RF energy harvesting as a source of energy harvesting for all device types.





Energy Harvester: Sensitivity
Discussion
FL Proposal 13
Typical RF EH sensitivity is [-35, -30] dBm.

Please provide input on FL Proposal 13
	Company
	Y/N
	Input

	
	
	

	
	
	



Related Proposals
	Source
	 Input

	Samsung

	Observation 5: The RF energy harvesting sensitivity can be in the range of -30 ~ -35 dBm, depending on the implementation.

	CMCC
	-30dBm

	QC

	Observation 13: Sensitivity of Energy harvester is the range of [-35, -30]dBm.
Proposal 13: RAN1 to capture that sensitivity of RF energy harvester is the range of [-35, -30]dBm.

	FL
	Companies are encouraged to provide inputs on this.




Device 2a: LNA
In current device architecture 2a/2b, LNA is captured as FFS block.
· Remove FFS: 
· Five companies (HW, Everactive, ZTE, ID, Comba) have mentioned that LNA could be considered for device 2. One source (ZTE) mentioned that that it may or may not exist depending on implementation.
· Function: 
· It was pointed out that LNA could improve device sensitivity by amplifying rx signal, especially when sensitivity lower than -50dBm is required, improving R2D link budget (Everactive)
· Power consumption: 
· LNA is active device consuming power. Typical LNA for regular NR UE consumes higher power (~mW).
· Ultra low power LNA consumes power in the range of 10s µW or few 100 µW (HW).

Discussion
FL Proposal 2
Update the description of LNA as follows.
· Remove FFS for LNA in device 2 architecture diagram.
· LNA can improve device sensitivity by amplifying R2D rx signal, especially when sensitivity lower than -50dBm is required, improving R2D link budget. Low power LNA consumes power in the range of 10s µW or few 100 µW (HW).
· Depending on implementation LNA may or may not exist.


Please provide input on FL Proposal 2.
	Company
	Y/N
	Input

	Huawei, Hisilicon
	
	We agree the proposal.



Related Proposals

	Source
	Input

	HW

	Observation 7: 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.
[bookmark: _Hlk162619446]Proposal 4: Confirm 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.
As an alternative implementation, a bi-directional power amplifier may be used to amplify both the R2D signal for receiving and the D2R signal for backscattering.

	Everactive

	Observation 1: LNA is critical if the sensitivity of RF-ED architecture needs to be improved. Specifically, if the sensitivity needs to be lower than -50dBm.
Proposal 1: Support considering LNA as a building block of device 2b

	ZTE

	Proposal 1: LNA can be supported as an optional block in devices 2a and 2b architectures. And the corresponding description is modified as following: 
· FFS: LNA for improving signal strength and sensitivity of receiver, if present
· Depending on implementation, it may not exist.

	CT
	Proposal 3: Support LNA as an optional block for both Device 2a and Device 2b if the necessity is identified.

	CATT

	Proposal 4: The feasibility and the benefits to include LNA in Device 2a/2b need to be carefully evaluated with the device power consumption and the energy storage capability.

	Xiaomi
	Proposal 16: LNA should be supported in device 2a/2b without higher than peak power conditions.

	ID
	Proposal 7: Include LNAs in the description for device type 2b.

	Comba
	Proposal 1：The amplifier (LNA) with a power consumption of tens of uW or hundreds of uW can bring significant gain to device 2a, improving its receiving sensitivity. A low-power RF power amplifier should be introduced into device 2a.




PA


Related inputs
	
	

	HW

	Proposal 9: Remove the FFS on power amplifier, i.e.
· FFS: Power amplifier (PA) amplifies tx signal, if present
Proposal 10: Baseband envelope detection is assumed for Device 2b with ZIF receiver
Proposal 15: For Device 2b, the maximum transmit power is assumed to be -20 dBm or -10 dBm

	ID

	Proposal 6: Include power amplifier in the description for device type 2b.





PLL/FLL
Current device 2 device diagram includes bracket in “LO/[PLL/FLL]”. The issue is that PLL/FLL requires higher power consumption. Carrier frequency could be also directly generated by LO without PLL/FLL. 
Two companies mentioned that FLL is preferred than PLL given that FLL consumes lower power. One company (HW) indicated to remove bracket around PLL/FLL. Related to this issue, one source (QC) provided tx architecture diagrams without PLL/FLL, i.e., direct modulation architecture where baseband signal directly modulate carrier generated by VCO.
· FLL is preferred: Oppo, E///
· Remove FFS for PLL/FLL: HW

Discussion
FL Proposal 16
Update description of FLL/PLL as follows.
· Replace “LO/[PLL/FLL]” with LO/FLL.
· FLL may or may not exist depending on device architecture.

Please provide input on FL Proposal 16.
	Company
	Y/N
	Input

	
	
	

	
	
	




Related Proposals

	Source
	Input

	Oppo
	Proposal 5: For device 2b with IF/ZIF envelope detector FLL(rather than PLL) is supported, and one LO is shared for transmitter and receiver.

	E///

	Observation 3	For Device 2b, FLL may be preferable to PLL from power consumption perspective.

	HW

	Proposal 6: For the architecture of Device 2b with RF-ED receiver, confirm PLL/FLL, i.e.
· Local oscillator (LO) for carrier frequency generation
· FFS: PLL/FLL may be used for the frequency calibration
Proposal 7: For the architecture of Device 2b with IF-ED receiver, confirm PLL/FLL and “one LO or separate LOs for Tx and Rx”, i.e.
· Local oscillator (LO) for generating carrier frequency for Tx and Rx
· FFS: PLL/FLL may be used for the frequency calibration
· FFS: o One LO or separate LOs for Tx and Rx
Proposal 8: For the architecture of Device 2b with ZIF receiver, confirm PLL/FLL and “one LO or separate LOs for Tx and Rx”, i.e.
· Local oscillator (LO) for generating carrier frequency for Tx, or for generating carrier frequency offset by the IF for Rx generating carrier frequency for Tx and Rx
· FFS: PLL/FLL may be used for the frequency calibration
· FFS: o One LO or separate LOs for Tx and Rx




Comparator & ADC
Related Proposals
E///
Proposal 9	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 10	For Devices 2a and 2b, a 4 or 8-bit ADC could be feasible due to the higher power budget.

Number of Antenna / Matching Network
Support single antenna: Samsung, Spreadtrum, QC
NEC suggests different number of antennas for device 1 and 2.
Discussion
FL Proposal 18
For study purpose, assume that A-IoT device has a single antenna for both communication (tx/rx) and RF energy harvesting purpose.

Please provide input for FL Proposal 18
	Company
	Input

	TCL
	Single antenna should be only considered in current stage. 



Related Proposals

	Source
	Input

	Samsung

	Observation 8: It is evidenced from current implementations that a single antenna for both communication and RF energy harvesting is feasible. However, it’s an implementational choice. 
Proposal 5: RAN1 study to assume a single antenna for both communication and RF energy harvesting. 

	Spreadtrum

	Proposal 5: A single antenna used for both communication (including transmission and reception) and energy harvesting should be a basic assumption for ambient IoT devices.

	QC

	Proposal 14: 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 27.

	NEC
	Proposal 2: 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.





Memory

FL Proposal 19
Further study volatile and non-volatile memory for of Ambient IoT device.
· Purpose (stored information)
· Power consumption
· Size
· Memory type
· cost

Please provide input on FL Proposal 19.
	Company
	Y/N
	Input

	
	
	




Related Proposals

	Source
	Input

	E///

	Proposal 11	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 11: Device 1 is expected to only support non-volatile memory of a few kilo-bits, with additional registers of a few ten bits.
Observation 12: Device 1 cannot support buffering a transport block or some intermediate data beyond a small size (e.g., 100 bits or more).
Observation 13: For the non-volatile memory in Device 1, the writing operation is expected to consume higher power than reading, and with long latency.
Proposal 18: 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 19: Rate-matching and interleaving are assumed to be not supported by Ambient IoT devices.

	Spreadtrum

	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 7: For ambient IoT devices, the determination of the size of NVM and supported operation modes should consider the cost, power consumption, and requirements.
Proposal 8: For ambient IoT device, both non-volatile memory and registers are supported.


	QC

	Observation 16: Power consumption for reading NVM is reasonably small for all device types.
Proposal 16: RAN1 to adopt followings for memory of A-IoT device.
· Non-volatile memory (NVM) can be used for A-IoT device for storing information such as product code or device ID. NVM does not require power consumption in maintaining already stored information. Reading NVM requires power consumption of 1~2 uW.
· Volatile memory (VM), e.g., register, could be used for A-IoT device for storing temporary information, e.g., during inventory process. Reading register consumes power of around 0.1uW.

	TCL
	Observation 16: Device 1 and device 2a have different memory ability to achieve data storage including device ID, temporary ID and local ID. 

Proposal 15: 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.






Modulation Factor / Modulation Loss / Reflection Loss
Related Proposals
Spreadtrum
For the reflection loss, OOK and FSK have a 6dB reflection loss compared with BPSK, where 3dB loss comes from the zero energy states “Off”, and 3dB comes from the direct current (DC) which will be removed at the receiver.
Observation 5:  The reflection loss of backscatter modulation for OOK and FSK is larger than that of BPSK.

HW
Proposal 13: 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 8: 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.
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Observation 1	An RF BPF is needed to suppress out-of-band interference.
Observation 2	The BW of RF BPF can be around 10 MHz.
Observation 3	For Device 2b, FLL may be preferable to PLL from power consumption perspective.
Observation 4	OOK modulation can be implemented in all three device types.
Observation 5	BPSK modulation can be implemented in all three device types. In Device 1, the power consumption will be the same as for OOK modulation. In Device 2a, the power consumption increase of the modulator will be negligible if the approach with λ/4 line is used, otherwise it will be in the order of few tens of μW when a mixer and an LO is used. In Device 2b, the power consumption in the modulator will be similar to the OOK case.
Observation 6	BFSK modulation can be implemented in all three device types. In Device 1, Device 2a and Device 2b, the power consumption of the modulator will be similar as for OOK modulation.
Observation 7	SSD modulator can be beneficial in Device 2a where higher power is available compared to Device 1.
Observation 8	The Rx sensitivity for Devices 1 (with RF ED) can be between -40dBm and -45dBm.
Observation 9	The Rx sensitivity for Device 2a/2b with RF ED with RF LNA is -50dBm to -55dBm.
Observation 10	The Rx sensitivity for Device 2a/2b with zero-IF with RF LNA is -80dBm to -85dBm.
Observation 11	The Rx sensitivity for Device 2a/2b with IF-ED with RF LNA is -90dBm to -95dBm.
Observation 12	An RF BPF should be used after the antenna since the antenna bandwidth should cover both the uplink and downlink bands.
Observation 13	Channel selection filter, and hence DL FDMA, may not be feasible if the RX architecture is based on RF-ED.
Observation 14	Channel selection filter, and hence DL FDMA, is feasible with other RX architectures, such as IF-ED and ZIF.
Observation 15	It is beneficial, especially for Devices 2a/2b (with zero-IF or IF-ED architectures), to support DL FDMA since their coverage target may be larger than that of Device 1 (with RF-ED architecture).
Observation 16	The very high error of LC/RC relaxation oscillators will increase synchronization time with the network, resulting in higher energy consumption at the device and increasing complexity for synchronization (time/frequency error correction).
Observation 17	The much lower frequency error of a crystal oscillator will allow the device to reduce synchronization time, energy consumption, and communication complexity.
Observation 18	A crystal oscillator is feasible and beneficial for all three device types.

Based on the discussion in the previous sections, we propose the following:
Proposal 1	Study Device 2a with ZIF and IF-ED architectures.
Proposal 2	For Device 1, the expected Tx power consumption of OOK, BPSK, BFSK and GFSK would be roughly the same and about 2-4 μW.
Proposal 3	For Device 2a, a reflection gain of about 15-20dB is proposed.
Proposal 4	A unidirectional reflection amplifier can be chosen instead of a bi-directional reflection amplifier to achieve better performance and reduce trade-offs between RX and TX chain.
Proposal 5	Large frequency shift may not be feasible in Device 1 due to limited power budget. However, it could be feasible for Device 2a since a higher power budget is available.
Proposal 6	Study channel selection filter to support DL FDMA for Device 2a and 2b with ZIF and IF-ED architectures.
Proposal 7	A crystal oscillator should be considered for all three device types.
Proposal 8	For Ambient IoT, reuse the initial clock error and clock drift assumptions as for LP-WUR in TR 38.869. Specifically, for all device types, down-select between the following options for the initial clock error [ppm] and clock drift [ppm/s]:
· Option 1: (200, 0.1)
· Option 2: (50, 0.1)
· The clock error post synchronization/calibration is FFS.
Proposal 9	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 10	For Devices 2a and 2b, a 4 or 8-bit ADC could be feasible due to the higher power budget.
Proposal 11	Discuss whether RAN1 should study aspects related to memory (e.g., size, type, refresh time, energy consumption, etc.) of an Ambient IoT device.
Proposal 12	For Device 1, the expected Tx power consumption is approximately 2-4 μW, and the expected Rx power consumption is approximately 2-7 μW.
Proposal 13	For Device 2a, the expected Tx power consumption is approximately 145 μW, and the expected Rx power consumption is approximately 100 μW.
Proposal 14	For Device 2b, the expected Tx power consumption is approximately ~300-500 μW, and the expected Rx power consumption is approximately ~220 μW.
Proposal 15	For Devices 1, 2a, and 2b, RAN1 to evaluate component-level and overall power consumption of different device architectures to determine whether the architectures meet the RAN design target for power consumption.
Proposal 16	The energy storage size can be different for different device types.
Proposal 17	RAN1 to study energy storage size and operating duration for different device types.


FW
Observation 1: In the RAN agreement, the study of design of energy harvesting signal/waveform is out of SI scope in Rel-19. 
Proposal 1: RAN1 should not further discuss technical design of energy harvesting signal/waveform for Device 1, Device 2a, and Device 2b.
Observation 2: For Device 2a, the frequency shift range depends on the NR FDD operating band, ranging from a few megahertz to several tens of megahertz.
Observation 3: For Device 2a, the minimum frequency shift is determined by the FDD duplex spacing.
Observation 4: For Device 2a, the frequency shift granularity is determined by the D2R occupied bandwidth in the case of frequency-domain multiple access. 
Observation 5: For Device 2a, the power consumption of a large frequency shifter with undesired backscatter signal (or image) suppression is in the order of tens of W. 
Observation 6: The amplitude of harmonics is reduced by a factor of  compared to the first harmonic. 
Observation 7: Based on Observation 6, it is not necessary to eliminate harmonics higher than, e.g., the fifth harmonic. 
Observation 8: For Device 2a, large frequency shift in supporting FDD is feasible for Device 2a.
Proposal 2: For Device 2a, support large frequency shift for the FDD operation.
Observation 9: Amplification gain of bi-directional reflection amplifiers can be lower than uni-directional reflection amplifier.
Proposal 3: For Device 2a, adopt uni-directional reflection amplifier as a baseline.
Proposal 4: For Device 2a, consider 10 dB amplification gain as a starting point for the uni-directional reflection amplifier.   
Observation 10: Bandwidth of uni-directional reflection amplifier is sufficient to support the UL spectrum of NR FDD operating bands.   



TCL
Observation 1: 
The gain of reflection amplifier is related to power consumption, amplifier type, substrate, etc.
The gain of reflection amplifier can be considered within 10~25dB with different power consumption.

Observation 2: There is no any discover about the impact of bandwidth on the performance of reflection amplifier.

Observation 3: Stability conditions could be considered by assessing the overall stability of device’s circuit, including input impedance, extracted CW power at device side, CW center frequency range, substrate selection, etc.

Observation 4: Tunnel diode and transistor has different advantages and disadvantages.

Observation 5: Bi-directional reflection amplifier is not used for device’s Rx amplifying, rather than for only device’s Tx amplifying. Thus, there is no any LNA functionality for bi-directional reflection amplifier.

Observation 6: Return loss is relatively higher than uni-directional reflection amplifier and gain is less than 10dB.

Observation 7: Power consumption will be reduced to less than 1mW when center frequency is about 0.9GHz, however, return loss is about 22dB, which limits the amplifying gain.

Observation 8: 
· The frequency of ON-OFF baseband waveform can be controlled by MCU or chip at device side.
· If frequency shifting is less than 1MHz, power consumption will less than 900uW if MCU/chip controls RF switch.
· The power consumption will be increased with the increase of data rate or switching rate if MCU/chip controls RF switch, and it is not suitable for large frequency shifting.

Observation 9: If RF switching controlled by MCU/chip is used for large frequency shift, power consumption will be more than 1mW.

Observation 10: Extra oscillators like ring oscillator and patch oscillator used for large frequency shifter can meet the requirement of power consumption <1mW.

Observation 11:
· If image signal is not suppressed with large FS, it may impact on the RAN 4 regulation of NR UE, e.g., spurious emission.
· For large frequency shift, two methods can be considered for image suppression under different range of large FS

Observation 12: The power of image signal is 3.9dB smaller than received CW power (RSRP at device), and the power of 3rd and 5th harmonic signal are 9.5dB and 14dB smaller than received CW power at device

Observation 13: Multi-levels by multi-impedances switching and pulse shaping by active modulator can reduce harmonic power at device side.

Observation 14: 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.

Observation 15: -36dBm is an absolute power threshold for spurious emission of NR UE based on the requirement of TS 38.101, and 3rd intermodulation interference from device 2b transmitter may larger than that of power threshold, which may interfere NR UE’s spurious emission.

Observation 16: Device 1 and device 2a have different memory ability to achieve data storage including device ID, temporary ID and local ID. 

Observation 17: The received power for AIoT device will reduce to below 10uW when distance>20m at 910MHz.

Observation 18: It can be observed RF energy source at least is supported for device 1 and no any definition for device 2a.


Proposal 1: The gain of reflection amplifier can be set within 10~25dB for the center frequency range of 830MHz ~ 920MHz, and power consumption can be set within 100uW~600uW for the center frequency range of 830MHz ~ 920MHz.

Proposal 2: Discuss stability by assessing the change of input impedance, extracted CW power at device side, substrate selection of device, etc. 

Proposal 3: Clarify the necessity of considering the impact of bandwidth on reflection amplifier.

Proposal 4: Down select bi-directional reflection amplifier, because there is no LNA functionality, and it has higher complexity (two reflection amplifier needed) and higher return loss than uni-directional reflection amplifier, and the rang of gain is less than 10dB.

Proposal 5: RF switching controlled by MCU/chip can be considered to achieve small frequency shifting.

Proposal 6: Small frequency shift range should be set less than 1MHz as baseline, and power consumption is up to 900uW @1MHz frequency shifting if RF switching controlled by MCU/chip.

Proposal 7: The range of large frequency shifter can be set within 1-70MHz to meet the power consumption requirement by using extra oscillator.

Proposal 8: The power consumption of extra oscillator to achieve large frequency shift can be set within 10nW-100uW.

Proposal 9: Discuss and study the image suppression methods, including extra blocks for the FS range of [1MHz~20MHz] and RF BPF at reader side for the FS range of [>20MHz].

Proposal 10: RAN 4 should study and analyze the impact of image signal or SSB signal on NR UE at out of band or spurious areas based on TS 36.101 or 38.101.

Proposal 11: RAN 4 should study and analyze the impact of harmonic signal on NR UE at out of band or spurious areas based on given reference values, e.g., the power of 3rd and 5th harmonic signal are 9.5dB and 14dB than received CW power at device.

Proposal 12: Discuss the relative power threshold for harmonic power needed to be reduced based on RAN4 requirement. And discuss feasibility of reducing harmonic power by different methods, like multi-levels or pulse shaping. 

Proposal 13: RAN 4 should study and analyze the impact of 3rd intermodulation interference from device 2b transmitter on NR UE at out of band or spurious areas.

Proposal 14: Discuss the necessity of RF BPF after PA at device 2b transmitter to control 3rd intermodulation interference and phase noise.

Proposal 15: 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 16: BPSK for Tx modulation should be supported for future research and discussion.

Proposal 17: 2FSK should not be supported for device 1 and device 2a because of the larger power consumption, larger return loss and possible aliasing phenomena.

Proposal 18: PMU like MPPT can be used for the matching between antenna impedance and harvester impedance to maximize the extracted power.

Proposal 19: The configuration of inside/outside CW node including CW frequency/bandwidth/space distance for different AIoT device types needs to be considered. 

Proposal 20: RF energy is necessary for device 1/2a/2b, and solar/thermal/vibration could be considered for device 2a/2b.




Nokia
Proposal 1: 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 2: For type 2a Ambient IoT devices with device local reflection amplifier oscillation detection and adjustment capability it is proposed to enable control of such feature via R2D signal configuration and reporting of results and reflection amplifier state via D2R signalling.
Proposal 3: Study to include large frequency shift on at least the 5~50 MHz range, with a granularity of 1 MHz.
Observation 1: Large frequency shift of tens of MHz can be implemented with microwatt operation and can be suitable for Type 2a devices with energy storage.
Proposal 4: Study to determine the maximum possible large frequency offset, within the allowable power consumption budget.
Proposal 5: Study to include SSB and DSB backscattering options, while considering additional device power cost and link budget penalty due to increased insertion loss. 
Proposal 6: Clarification is needed if target level for SSB suppression should be in the scope of the study or not.
Observation 2: The device clock affects the IF frequency accuracy, which has direct implication on D2R decoding at the reader.
Proposal 7: Study to evaluate if synchronization for initial SFO reduction is feasible and therefore advantageous for accurate IF frequency generation, considering power budget and implementation complexity.
Proposal 8: Clarification is needed if target level for harmonic suppression should be in the scope of the study or not. 
Proposal 9: 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.
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 (or RF power detection followed by preamble/sequence 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. 
Proposal 11: Consider the conclusions and recommendations from the 3GPP WUS/WUR study 0 for similarity and applicability also for the Ambient IoT D2R signal and Ambient IoT device receiver design.
Proposal 12: Study the benefits of using IF or Zero-IF ED receiver rather than RF ED for receiver selectivity related to CW/R2D signal frequency flexibility and multi band support.
Proposal 13: 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 normal NR traffic.
Proposal 14: The carrier wave signal needs 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. 




HW
Observation 1: The power consumption of reflection amplifier can reach a few 100 µW (e.g., 100~400 µW), depending on detailed technical principle and implementation.
Observation 2: The reflection amplifier can support an operating bandwidth of 10 MHz-level at the 900 MHz band.
Observation 3: The reflection amplifier can reach ~10 dB reflection gain without oscillating at low input power (e.g., -50 dBm or -30 dBm).
Observation 4: The large frequency shifter can support 10 MHz-level (e.g., 20 MHz ~50 MHz) frequency shifting, with a power consumption of several 10 µW.
Observation 5: The large frequency shifter can lead to carrier frequency offset of several 10 kHz or 100 kHz for the 10 MHz-level frequency shifting between the FDD DL and UL band.
Observation 6: The image interference and harmonics interference generated during the large frequency shifting has to be suppressed, which can cause non-negligible increase of the cost and size for Device 2a.
Observation 7: 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 8: Device 2a with IF-ED or ZIF receiver requires much higher power consumption for R2D receiving, while no benefit to the deployment of basestation or intermediate UE is foreseen.
Observation 9: 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 10: 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.
Observation 11: Device 1 is expected to only support non-volatile memory of a few kilo-bits, with additional registers of a few ten bits.
Observation 12: Device 1 cannot support buffering a transport block or some intermediate data beyond a small size (e.g., 100 bits or more).
Observation 13: For the non-volatile memory in Device 1, the writing operation is expected to consume higher power than reading, and with long latency.

Proposal 1: For the coverage evaluations of Device 2a, the power gain of reflection amplifier is assumed to be 10 dB or higher.
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: For large frequency shifter, add two notes, 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 transmissions due to the leaked image signal and harmonic signal during large frequency shifting.
· The potential large frequency error (e.g., 100 kHz-level) of large frequency shifting can lead to large guard band for D2R transmissions.
Proposal 4: Confirm 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.
· As an alternative implementation, a bi-directional power amplifier may be used to amplify both the R2D signal for receiving and the D2R signal for backscattering.
Proposal 5: The study deprioritize the architecture of Device 2a with IF-ED or ZIF receiver.
Proposal 6: For the architecture of Device 2b with RF-ED receiver, confirm PLL/FLL, i.e.
· Local oscillator (LO) for carrier frequency generation
· FFS: PLL/FLL may be used for the frequency calibration
Proposal 7: For the architecture of Device 2b with IF-ED receiver, confirm PLL/FLL and “one LO or separate LOs for Tx and Rx”, i.e.
· Local oscillator (LO) for generating carrier frequency for Tx and Rx
· FFS: PLL/FLL may be used for the frequency calibration
· FFS: o One LO or separate LOs for Tx and Rx
Proposal 8: For the architecture of Device 2b with ZIF receiver, confirm PLL/FLL and “one LO or separate LOs for Tx and Rx”, i.e.
· Local oscillator (LO) for generating carrier frequency for Tx, or for generating carrier frequency offset by the IF for Rx generating carrier frequency for Tx and Rx
· FFS: PLL/FLL may be used for the frequency calibration
· FFS: o One LO or separate LOs for Tx and Rx
Proposal 9: Remove the FFS on power amplifier, i.e.
· FFS: Power amplifier (PA) amplifies tx signal, if present
Proposal 10: Baseband envelope detection is assumed for Device 2b with ZIF receiver.
Proposal 11: 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 e.g.  -40 dBm.
· For Device 2 with RF-ED receiver, the receiver sensitivity is assumed to be  -50 dBm.
Proposal 12: For Device 2b with IF-ED or ZIF receiver, the receiver sensitivity can be calculated based on a noise figure of e.g. 24 dB or higher.
Proposal 13: For Device 1, the reflection loss of backscatter modulator is assumed to be 6 dB and 0 dB for OOK and BPSK, respectively.
Proposal 14: For Device 2a, the power gain of reflection amplifier is assumed to be ≥10 dB.
Proposal 15: For Device 2b, the maximum transmit power is assumed to be -20 dBm or -10 dBm.
Proposal 16: For Device 1, the clock frequency is required to be sufficiently low (e.g., ≤ 1.92 MHz) to reach required power consumption.
Proposal 17: A maximum initial sampling frequency offset of 105 ppm is assumed for Ambient IoT device i.e., X = 5.
Proposal 18: 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 19: Rate-matching and interleaving are assumed to be not supported by Ambient IoT devices.


Spreadtrum
Observation 1: From the perspective of power consumption, Device 2a can support the large frequency shift.
Observation 2: The out-of-band harmonic signal generated in the procedure of frequency shift can be suppressed by leveraging a LPF filter.
Observation 3: Device 2a has a larger power consumption budget compared with Device 1, and an accuracy clock can be considered to provide an IF carrier wave.
Proposal 1: Large frequency shift should be supported for Device 2a.
Observation 4: The hardware complexity, cost, and power consumption are at the same level for OOK, PSK, and FSK Tx backscatter modulation, and these modulation schemes can be candidate for Device 1 and Device 2a.
Observation 5:  The reflection loss of backscatter modulation for OOK and FSK is larger than that of BPSK.
Proposal 2:  Capture the power consumption for ambient IoT device in Table 1 in TR.
Proposal 3: For R19 A-IoT, it should be assumed that the energy of an Ambient IoT device is enough when it is communicating with the reader.
Proposal 4: The behaviour or additional procedure of ambient IoT devices when the device ran out of energy during the inventory process can be further optimized in RAN2 in future releases.
Proposal 5: A single antenna used for both communication (including transmission and reception) and energy harvesting should be a basic assumption for ambient IoT devices.
Proposal 6: For Device 1, the initial sampling frequency offset (SFO) up to 10X ppm, where X = 4 or 5.
Observation 6: The initial sampling frequency offset (SFO) of Device 2a/2b is smaller than that of Device 1.
Proposal 7: For ambient IoT devices, the determination of the size of NVM and supported operation modes should consider the cost, power consumption, and requirements.
Proposal 8: For ambient IoT device, both non-volatile memory and registers are supported.
Proposal 9: Capture the device 2a architecture with Zero-IF ED in Figure 1 in TR. FFS for IF ED receiver for device 2a.



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: It is either unnecessary or infeasible to formulate a charging time or duty cycle of a device, as different RF energy harvesting modules have different activation threshold, maximum generation power, capacitor size, energy harvesting link channel condition, conversion rate, etc.
Observation 3: For energy harvesting other than from RF, it is also 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.
Observation 4: Even after RAN1 conducting a study on charging time or depletion time, it’s highly likely that the results have a wide range as it depends on various factors, which does not lead us to any meaningful conclusion or use of the study outcome.
Proposal 1: Study the impact of energy harvesting on the device availability in the system design agenda items (not in this architecture agenda item) from a general consideration that there can be devices unreachable for a given moment. 
Observation 5: The RF energy harvesting sensitivity can be in the range of -30 ~ -35 dBm, depending on the implementation.
Proposal 2: At least for device 1, the CW shall be directly provisioned at the backscattering frequency regardless of deployment topologies. 
Proposal 3: For device 1, without a large frequency shifter,
· the R2D spectrum shall be common for both Topology 1 and Topology 2 (i.e., either FDD DL or UL spectrum)
· the CW and D2R spectrum shall be common for both Topology 1 and Topology 2 and regardless of whether the CW is transmitted inside or outside topology (i.e., both CW and D2R either on FDD DL or UL spectrum) 
Proposal 4: For device 2a, with a large frequency shifter, 
· the R2D spectrum shall be common for both Topology 1 and Topology 2 (i.e., either FDD DL or UL spectrum)
· the CW and D2R spectrum shall be common for both Topology 1 and Topology 2 and regardless of whether the CW is transmitted inside or outside topology (i.e., either CW on FDD DL and D2R on FDD UL spectrum or CW on FDD UL and D2R on FDD DL spectrum)
Observation 6: The power consumption of a frequency shifter can be a few tens of micro-Watts for a few tens of MHz shifting assuming a low-power ring oscillator based architecture. 
Observation 7: Harmonic suppression and SSB backscattering for large FS are feasible for a low power devices. 
Observation 8: It is evidenced from current implementations that a single antenna for both communication and RF energy harvesting is feasible. However, it’s an implementational choice. 
Proposal 5: RAN1 study to assume a single antenna for both communication and RF energy harvesting. 
Proposal 6: RAN1 study to device 2a architecture with IF-ED receiver. 
Observation 9: A reflection amplifier can achieve 10 ~ 25 dB gain at a power consumption of a few tens to hundreds micro-Watts at lower frequency bands that A-IoT system is expected to be deployed. Stability may not be of much concern as A-IoT devices will operate at a preconfigured frequency without adaptation.  
Proposal 7: Energy storage size is not in the study scope. A device behavior when running out of energy during inventory round shall be discussed in a system design agenda item, not in this architecture agenda item.



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: According the device's power consumption, operational cycles, device size and cost, different capacitor sizes are required for different devices 1/2a/2b, Table 2 can be used as starting point.
Proposal 4: 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 3 can be used as starting point.
Proposal 5: Given the extremely long time for RF energy harvesting, and limited sustainable time for Tx/Rx operation, relying solely on RF energy harvesting as an energy source for device 2 in insufficient, and other energy harvesting methods e.g., vibration, solar, and etc, should be considered for power supply.
Proposal 6: For the receiver sensitivity and power consumption, it may depend on receiver architecture
	Device
	Receiver architecture
	Receiver Sensitivity value (dBm)
	Device Power consumption (uW)

	Device 1
	RF-ED
	-30~-35 dBm
	A few µW

	Device 2
	RF-ED
	-35~-46 dBm
	tens of µW ~ hundreds of µW

	Device 2
	IF-ED/Zero-IF ED
	<= -70dBm
	hundreds of µW



Proposal 7: To ensure the performance of decoding and correct backscatter frequency, the clock frequency should be at least no less than 1.28 MHz or 1.92 MHz.
Proposal 8: considering the below power consumption and error:
· For device 1, initial sampling clock error is 104~105 PPM with a few hundred nW power consumption
· For device 2a, initial sampling clock error is 104~105 PPM with no higher than a few uW power consumption
· For device 2b, initial sampling clock error is 102 PPM with tens of uW power consumption

Observation 1: Large frequency shifter cannot be supported by 1uw device.
Observation 2: 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 3: 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 4: 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 5: 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 6: The energy storage time based on RF energy harvesting increases linearly with the capacitance size, and decreases nonlinearly with the RF input power. 
Observation 7: 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.
Observation 8: The frequency error is different for DL(around 104 PPM) and UL(around 105 PPM) for device 1 and device 2a.



Apple
Device Type 1
Observation 1: Peak power conversion efficiency can be achieved in the range of 75%-85% for typically high SNR regime

Observation 2: Power conversion efficiency of less than 40% is achievable in the range of achievable activation threshold of -20dBm to -25 dBm

Observation 3: For device type 1, OOK waveform can be accommodated in the constraints of device architecture based on its power consumption requirements

Observation 4: For device type 1, FSK/PSK waveform may not be able to be accommodated in the constraints of device architecture based on their power consumption requirements

Proposal 1: For device type 1, small frequency shift in order of few 10s of kHz is achieved by baseband processing, e.g. by line coding and no dedicated block is studied for small frequency shift 

Proposal 2: For device type 1, sequence correlation-based detection should not be further considered for device architecture


Device Type 2a
Observation 5: For device type 2a, at least based on the power consumption requirements, large frequency support in order of few 10s of MHz could be feasible

Observation 6: In the operating frequency of ~900MHz, ~100s of microwatt of power maybe sufficient for large frequency shift to separate CW2D and D2R in DL and UL spectrum, respectively

Observation 7: For device type 2a, OOK and FSK/PSK waveform can be accommodated in the constraints of device architecture based on its power consumption requirements

Observation 8: For device type 2b, OOK and FSK/PSK waveform can be accommodated in the constraints of device architecture based on its power consumption requirements

Proposal 3: For device type 2a, sequence correlation-based detection should not be further considered for device architecture

Device Type 2b
Proposal 4: For device type 2b, sequence correlation-based detection should not be further considered for device architecture

Energy Harvesting
Proposal 5: Energy harvesting aspects are not further studied under device architecture
· Physical design aspects due to unavailability of device for up to 10s of seconds can be studied under other agendas of this study item.

Everactive
Observation 1: LNA is critical if the sensitivity of RF-ED architecture needs to be
improved. Specifically, if the sensitivity needs to be lower than -50dBm.
Observation 2: SIR of Device 2b is around -15dB
Observation 3: Leakage current of a storage capacitor is critical for energy harvesting
devices to sustain operation during periods of no new harvested power. Supercapacitors
offer low leakage, high energy density options that are good candidates for A-IoT
devices. From full charge, their self-discharge time is 10-20 days.
Observation 4: Storage capacitor ESR is critical for active transmitters with TX power
levels generally >10dBm.
Observation 5: Cold start is the most challenging requirement for an energy-harvesting
PMU.
Proposal 1: Support considering LNA as a building block of device 2b
Proposal 2: Support OOK or ASK for the downlink path (gNB to UE) for device 2b


CATT

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


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


CMCC

Proposal 1:  IF and ZIF ED is not pursued for device 2a. Only RF ED is considered for device 2a in Rel-16 AIoT SI.
Proposal 2:  PHY design based on envelope detection is considered for both RF/IF/ZIF device architecture for device 2b.
Proposal 3:  Considering the amplifier for device 2a as follows,
· Bi-directional/two-way (for R2D and D2R), no switching loss, i.e., separate amplifier for R2D and D2R.
· 10~ 15 dB amplification Gain.
Proposal 4:  for Small frequency shift (SFS) and Large frequency shift (LFS), the following is proposed,
· SFS around hundreds of kHz (less than 1MHz) is considered for all devices. 
· LFS is beneficial for Power consumption and IF carrier frequency accuracy compared to active D2R signal generation. However, additional image suppression need to be handled.
· FFS for LFS around up to 50MHz
Proposal 5: for R2D, Sequence detector is not considered. Only power detector and/or raising/fall edge detector are considered for all devices for R2D.
Proposal 6: For design of the A-IoT R2D and D2R link, sampling Clock with around 1-2 Msps and maximum 10^4 ~ 10^5 ppm SFO is considered.
Proposal 7: The following receiver sensitivity are considered,
· -30dBm for device 1 (RF-EH)
· -36dBm for device 1 (R2D RF-ED)
· -45dBm for device 2 (R2D RF-ED)
Proposal 8: Table 3 in R1-2402566 is used for further study.


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. 

ZTE

Proposal 1: LNA can be supported as an optional block in devices 2a and 2b architectures. And the corresponding description is modified as following: 
· FFS: LNA for improving signal strength and sensitivity of receiver, if present
· Depending on implementation, it may not exist.
Proposal 2:  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 3: 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 4: The operating frequency range of device 1 does not exceed the Ambient IoT system bandwidth.


Xiaomi
Observation 1: At this stage, there is a lack of available conditions for assessing the implementation complexity and power consumption of the A-IoT device.
Observation 2: High implementation complexity often leads to increased product costs.
Observation 3: Reducing hardware design complexity can help mitigate the requirement for complex algorithms to some extent.
Observation 4: The peak limited power of device 2a is similar to that of device 2b, and the potential power consumption of both the IF-ED receiver and the ZIF receiver falls within the peak power limit of device 2a.
Observation 5: The gain of the reflection amplifier in device 2a, operating at a fixed frequency, is significantly influenced by the input power.
Observation 6: The impact of switching on the two-way reflection amplifier can be alleviated by incorporating time intervals between D2R and R2D.
Observation 7: Reducing hardware design complexity can help mitigate the requirement for complex algorithms to some extent.
Observation 8: The support for frequency shifter in device 2a will significantly enhance the flexibility of gNB scheduling, thereby improving spectrum utilization and inventory efficiency.
Observation 9: The power consumption of the SSB-based backscatter module is within the range of several hundred µW, which complies with the peak power limitations specified for device 2a.
Observation 10: Different energy harvesting and storages could be designed for different types of energy.
Observation 11: Compared with light and other power sources, radio wave is a relatively stable power source which can be provided to A-IoT passive device by gNB or UE or other nodes.
Observation 12: The RF-based energy harvester module operates at the same frequency, and its operational efficiency is contingent upon the input power. Specifically, a higher input power corresponds to an increased efficacy in energy harvestering.
Observation 13: The inclusion of battery-based energy storage in an A-IoT device will result in increased device costs and added complexity during implementation.
Observation 14: 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.
Observation 15: A-IoT devices with LNA will have better performance of downlink coverage, providing broader coverage for inventory services.
Observation 16: It is worth discussing whether to provide support for LNA collectively for device 2a and device 2b because of similar peak power limition.
Proposal 1: The evaluation on complexity and power consumption should be addressed subsequent to further clarification of the technical proposal.
Proposal 2: RAN1 should focus on the discussion of hardware complexity for A-IoT device architectures, if need.
Proposal 3: A universally applicable method should be studied for evaluating complexity, if need.
Proposal 4: 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.
Proposal 5: The discussion on A-IoT device architecture should not impose any limitations on the implementation of the final product. 
Proposal 6: RAN1 could conduct further investigation on the architecture based on ZIF or IF-ED receivers for device 2a, if deemed necessary.
Proposal 7: The determination of the one-way gain setting for a reflection amplifier necessitates comprehensive consideration of various factors that impact its input power, such as Tx power, path loss, Rx loss, and loss because of matching.
Proposal 8: The switching loss of the two-way reflection can be set to 0 dB as a starting point.
Proposal 9: Support to define two types FS
· Small FS: A frequency shift range of less than 1MHz, limited to movement within either the uplink or downlink spectrum
· Large FS: A frequency shift range exceeding 1MHz and potentially reaching tens of MHz, allowing for movement between both the uplink and downlink spectrum
Proposal 10: For deivce 1, the benefits of supporting small FS necessitate further elucidation.
Proposal 11: RAN1 should support frequency shifter at least in device 2a for better spectrum utilization and inventory efficiency.
Proposal 12: Device 1 lacks support for SSB backscatter, while SSB backscatter for large FS in device 2a could be conducted further assessment on potential implications related to implementation complexity.
Proposal 13: Radio wave should be regarded as baseline power source for A-IoT passive device, while not precluding the exploration of alternative resources as potential power sources in the product.
Proposal 14: Power conversion efficiency for RF-based energy harvester module at 900MHz could be assumed a starting point for discussion with a charging efficiency range of 10~50%.
Proposal 15: RAN1 should provide clarification regarding the A-IoT device's energy storage based on capacitor, and the specific size of the capacitor may vary depending on its implementation.
Proposal 16: LNA should be supported in device 2a/2b without higher than peak power conditions.
Proposal 17: 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 18: Tx modulator architectures of devices could be addressed subsequent to the determination of the waveform.
Proposal 19: Following initial SFO accuracy is assumed for the sampling clocks of device types.
	
	Device 1
	Device 2a/2b

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





NEC
Proposal 1: Consider RF-ED architecture as baseline for Device 2a for Rel-19.
Proposal 2: 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 3: 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 4: 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.
Proposal 5: RAN1 to consider Uni-directional (for D2R) reflection amplifier as the baseline case for further study.



Oppo

Observation 1: The assumption agreed in RAN#103 of “up to several tens of seconds” of one device’s unavailability time due to charging is based on RF energy harvesting.
Proposal 1: In order to determine whether and what are potential impacts on device availability for transmission and reception procedures, as a starting point, RAN1 needs to first discuss and determine reasonable assumptions that can be made on device energy charging and discharging behaviours / models.
Observation 2: When energy charging time is assumed to be several tens of seconds before an inventory / command communication process starts, for devices with faster charging rate (e.g., due to device charging efficiency, smaller capacitor size and distance from the energy source), they will have lesser remaining energy than devices with slower charging rate when the inventory/command process starts.
Proposal 2: It is proposed to take the following assumptions as a starting point to determine a device energy charging model.
· Energy storage capacity
· Device 1: 1µF for the storage capacitor
· Device 2a and 2b: 10µF for the storage capacitor
· Energy storage level to power-ON a device: 50%, 70% or 80% of energy storage capacity
· Device energy harvesting/charging and discharging are performed in a TDM manner.
· Energy harvesting/charging in a device can be carried out only during a non-R2D monitoring time and non-D2R transmission time.
	Incident RF input power level X (dBm)
	Power conversion efficiency for EH (%)

	X < -30dBm
	[<5] %

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

	-20dBm <X < -10dBm
	[10-22] %

	-10dBm < X < 0dBm
	[22-49] %


Proposal 3: It is proposed to take at least the following assumptions as a starting point to determine a device energy discharging model.
· Device power / energy consumption for reception (RX), the following factors should be considered
· Device receiver architectures (RF-ED, IF-ED, ZIF-ED, w/ or w/o amplifier)
· R2D channels/signals monitoring and decoding (including the start-indicator part, clock-acquisition part, PHY channels
· Device power / energy consumption for transmission (TX), the following factors should be considered
· Coding and modulation
· Backscattering (device 1 /2a) and active transmission (device 2b)
· Reflection / power amplifier (device 2a / 2b)
Proposal 4: 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 5: For device 2b with IF/ZIF envelope detector FLL(rather than PLL) is supported, and one LO is shared for transmitter and receiver.
Proposal 6: Large frequency shift with an offset of more than 10 MHz is not considered for A-IoT devices. 
Proposal 7: For device 1, SFO can be in range of 10^4~10^5 ppm. FFS to have one value. For Device 2a/2b, less than or equal to 1000 ppm for SFO is required. 


LG
Proposal 1: For AmIoT device architectures, prioritize, if needed, RF-ED receiver architectures for all Ambient IoT devices (1/2a/2b).
Proposal 2: De-prioritize the discussion and evaluation on the scenarios that require the large FS. E.g., the scenarios where CW is transmitted in DL spectrum and backscattered in UL spectrum.
Proposal 3: For AmIoT receiver architectures, study at least OOK receiver.
Proposal 4: For AmIoT (backscatter) transmitter architectures, study the following modulators:
· OOK modulator
· Binary PSK modulator
· FFS: Binary FSK modulator
Proposal 5: For RAN1 study purpose, consider RF energy harvesting time and its impact on device availability.
Proposal 6: 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 7: 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 8: Study whether/how to improve frequency selectivity of AmIoT device, e.g., feasibility of RF BPF, BB filter, antenna selectivity, etc.



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 RF energy harvesting as a source of energy harvesting for all device types.
Proposal 9: Consider studying the minimum capacitance size needed to sustainably operate the device within an inventory round
Proposal 10: Consider the outage probability as non-availability of energy from the capacitor to sustainably operates the Ambient IoT device within an inventory round to transmit EPC ID.
Proposal 11: Consider the rectifier efficiency as a function of received power for storing the harvested energy in device capacitor. 
Proposal 12: 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

Observation 5: Sustainable operation time of the device is defined as the time duration of the Ambient IoT devices to operate successfully within an inventory round without going into outage and the sustainable operation time of a device varies with the distance from the emitter. 
Observation 6: Energy harvesting having positive impact on the sustainable operation time of the Ambient IoT device. 
Proposal 13: Evaluate the sustainable operational duration of Ambient IoT devices with and without Energy harvesting within an inventory round.



InterDigital

Observation 1: Reflection amplifier gain depends on the input frequency, input power and the bias voltage.
Observation 2: The power consumption of reflection amplifier can range from a few tens to a few hundreds of µW and falls within the power consumption constraint of device type 2a.
Observation 3: The stability of a reflection amplifier hinges on the bias voltage and impedance elements of the circuit and can be fine-tuned to operate within in stable regions.
Observation 4: The bandwidth of the reflection amplifier depends on the impedance characteristics of the circuit, along with the input power and frequency.
Observation 5: The power consumption of large frequency shifters typically is in the order of tens to hundreds of µW, which makes its feasible for device type 2a to shifting D2R transmission from DL to UL spectrum.

Proposal 1: Include unidirectional reflection amplifier in the description of device type 2a.
Proposal 2: Bi-directional reflection amplifier, if added to the description of device 2a, should be an optional component.
Proposal 3: Define the accuracy requirement of large frequency shifters in the device description of device type 2a to prevent issues such as inter-channel interference.
Proposal 4: Consider R2D transmission with band pass filtering to as a starting point for large frequency shifters mirror suppression.
Proposal 5: Study the feasibility of large frequency shifters for FDMA, focusing on power consumption, frequency accuracy requirements and required granularity to effectively multiplex the devices.
Proposal 6: Include power amplifier in the description for device type 2b.
Proposal 7: Include LNAs in the description for device type 2b.
Proposal 8: Ambient IoT study to include assumptions on energy storage and energy harvesting efficiency for evaluation of sustainable operation time and device availability.


DCM
Observation 1: The small frequency shift (e.g., up to a few MHz) is beneficial to mitigate CW interference for D2R and ensure the multiplexing capacity with FDMA.
Observation 2: The small frequency shift (e.g., up to a few MHz) can be realized by BB processing such as line coding or square wave modulation for both device 1 and 2a.
Observation 3: The large frequency shift (e.g., up to tens of MHz) is beneficial to mitigate the self/cross-link interference to/from A-IoT/NR. 

Proposal 1: For both device 1 and 2a, consider the small frequency shift (e.g., up to a few MHz).
· Study how to realize the small frequency shift.
· Study the impact on harmonics/image suppression
Proposal 2: Study large frequency shifter for device 2a at least from power consumption, impact on harmonics/out band emission aspects.
Proposal 3: Study both DSB and SSB transmission for D2R considering the feasibility on SSB transmission for D2R, spectrum efficiency, impact on SNR.
Proposal 4: Study initial sampling offset for each device type which corresponds to the SFO without receiving corresponding timing acquisition/synchronization signal.
· initial sampling offset can be [104 ppm to 105] as a starting point
· FFS: Whether/how initial SFO can be different depend on the device type
Proposal 5: Study post-synchronization sampling frequency offset for each device type which corresponds to the compensated SFO after receiving timing acquisition/synchronization signal.
· FFS: detailed value for each device
Proposal 6: Study whether a device can have multiple clocks (e.g., for during inventory/command process and for before/after the process) or single clock.
· FFS: Power consumption and performance (clock speed, timing accuracy etc.) of each clock
Proposal 7: Study the sustainable device operation time for an inventory/command process.
· Study the assumption on energy storage including applicable capacitor size.
· FFS: Whether A-IoT device cannot perform energy harvesting and communication in parallel
Proposal 8: 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.

MTK
Observation 1:	One-way reflection amplifiers can provide at least 10-dB gain with sub-milliwatt power consumption. However, typical two-way reflection amplifiers.
Observation 2: 	Ring oscillators can offer a wide tuning range with sub-milliwatt power consumption and. However, enhancements may be needed for interference suppression.
Proposal 1: 	Support one-way reflection amplifiers for Device 2a, considering one-way amplification gain at least 10 dB, and avoiding the need for LNAs and RX amplifiers in two-way amplifiers.
Proposal 2:	Support Large FS for device 2a and 2b, targeting at least a 10MHz shift to improve spectrum efficiency and reduce interference.

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. 
Observation 1: Direct modulation transmitter architecture in Figure 4 for FSK/OOK can achieve power consumption of a few hundreds uW.
Proposal 3: RAN1 to adopt following transmitter architecture diagrams for device 2b; OOK based active tx signal (left) and FSK based active tx signal (right).
[image: A black and white image of a diagram
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Observation 2: Direct modulation transmitter architecture in Figure 8 for BPSK can achieve power consumption of a few hundreds of uW.
Proposal 4: RAN1 to adopt following transmitter architecture diagrams in Figure 11 for device 2b generating PSK based active tx signal: 1) ILMF based (left) and 2) differential VCO/phase selector based (right)
[image: A diagram of a clock

Description automatically generated]    

Observation 3: OOK backscatter modulator could be realized by selecting two different reflection coefficients with different magnitudes based on baseband information bits.
Observation 4: BPSK backscatter modulator could be realized by selecting two different reflection coefficients in conjugate relationship based on baseband information bits.
Proposal 5: RAN1 adopt following transmitter architecture diagram, shown in Figure 13, for OOK/BPSK backscatter transmitter.
Observation 5: Binary FSK backscatter modulator could be realized by introducing small frequency shift based on two intermediate frequencies  f1 and f2 which is mapped to binary baseband information bits.
Proposal 6: RAN1 adopt following transmitter architecture diagram, shown in Figure 14, for FSK backscatter transmitter.
Observation 6: Power consumption for generating tens of MHz clocks for SSB backscattering takes tens of uW.
Observation 7: 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 7: RAN1 to adopt Table 6 for large frequency shift.
Table 17 Large frequency shift for device 1 and device 2a
	
	Device 1
	Device 2a

	Power consumption
	Tens of MHz IF carrier needs to be generated by either a tens of MHz clock or a MHz clock w/ PLL. Power consumption level for generating 10s ~ 100s of clock is in the range of tens of uW [50][51], which is beyond device 1’s power budget.
	Tens of MHz IF carrier needs to be generated by either a tens of MHz clock itself or a MHz clock w/ PLL. Power consumption level for generating 10s ~ 100s MHz of clock is in the range of tens of uW [50][51]. 

For device 2a, there is reflection amplifier. So, both should be considered together toward power budget. If low power reflection amplifier is used, then additional tens of uW seems to be okay.


	Clock accuracy and granularity for large FS
	N/A
	IF clock accuracy might be important to aspect to study (together with cost and power). If IF clock accuracy is low, then, target frequency where backscattering occurs could have uncertainty, which require large guard bands around it. This will affect spectral efficiency in D2R.
The FS granularity is also important factor to consider since it is related not only large FS but also capability of FDM and support of different operator.

	SSB / Image suppression
	Support of SSB D2R is necessary. Otherwise, after large frequency shift, the other side of spectrum will interfere signal in another band where it falls.

	Support of SSB D2R is necessary. Otherwise, after large frequency shift, the other side of spectrum will interfere signal in another band where it falls.

Supporting large frequency shift requires clocks running in tens of MHz and mixer. 


	Harmonics - 
Interference 
	When D2R signal is generated by modulating CW with square waves, harmonics could be generated. The harmonics could potentially interfere other band / channels due to larger frequency shift. And shifted version of neighboring channels could be also interference.

	When D2R signal is generated by modulating CW with square waves, harmonics could be generated. The harmonics could potentially interfere other band / channels due to larger frequency shift. And shifted version of neighboring channels could be also interference. For device 2a, the impact could be higher than device 1 due to its amplification.



Proposal 8: Remove FFS in the following agreement from RAN1#116bis.
Agreement
For D2R, study: Manchester encoding, FM0 encoding, Miller encoding, no line coding.
· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: How to achieve small frequency shift in baseband and/or FDM(A) among devices
· Aspects to study include:
· Spectrum shape
· Complexity
· Power consumption
· BER, BLER
· Resilience to SFO
· If there is any relation to CFO

Observation 8: For A-IoT device supporting half duplex operation only, D2R link could be amplified by reflection amplifier.
Observation 9: Reflection amplifier requires DC power supply. This means that it consumes power to operate and should not be turned on too long since it could drain continuously.
Observation 10: Reflection amplifiers’ gain range from 8 to 20dB.
Observation 11: Reflection amplifiers’ sensitivity ranges from -90dBm to -20dBm.
Proposal 9: RAN1 to capture followings for reflection amplifier.
· Reflection amplifier amplifies reflected signal in D2R link.
· Power consumption of reflection amplifier is in the order of tens of uW to a few hundreds of uW.
· Supported frequency ranges from around 900MHz to 5.8GHz.
· Amplification gain of reflection amplifier is in the range of 10~20dB.
· Minimum sensitivity for reflection amplifier is -90dBm to -20dBm.
Observation 11: 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 12: 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 11: Device 1 support power detection based wake up mechanism.
Proposal 12: Device 2a/2b support sequence detector based wake up mechanism consuming 1uW of power consumption.
Observation 13: Sensitivity of Energy harvester is the range of [-35, -30]dBm.
Proposal 13: RAN1 to capture that sensitivity of RF energy harvester is the range of [-35, -30]dBm.
Proposal 14: 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 27.
Observation 14: Time sync signal could be used for clock calibration for all device types. 
Observation 15: To support large frequency shift (device 2a) and active carrier frequency generation (device 2b), additional frequency synchronization signal is needed for clock calibration.
Proposal 15: For evaluation purpose, it is assumed that device 1/2a/2b can support at least following three clocks in Table 14 for sampling/sleep, frequency shifting, carrier frequency generation within their power consumption budget.
Table 18 List of clocks to be considered for evaluation of A-IoT devices
	Clock #
	Description
	Applicable
device types
	Clock
speed
	Power 
consumption
	Initial clock
Accuracy (i.e., before calibration)
	Accuracy after 
clock calibration

	Clock 1
	Sampling for sync signal or preamble detection.

Light sleep w/ memory retention
	Device 1, 2a, 2b
	[10s] kHz to [1]MHz
	<< 1uW
	[1, 10]% error
	After clock calibration based on sync signal/preamble or symbol clocking information from line coding, accuracy of <1% is achieved.

	Clock 2
	Frequency shift for backscattering
	Device 1, 2a
	A few [1] MHz
	<1uW
<10s uW
	[1~5]% error before calibration.
	Accuracy of <1% is achieved.

	Clock 3

	Reference clock for generating carrier frequency for active device.
	Device 2b
	A few [1] MHz
	10s ~ 100 uW
	[1~5]% before calibration

	After clock calibration based on sync signal, clock can achieve accuracy of [50]ppm.



Observation 16: Power consumption for reading NVM is reasonably small for all device types.
Proposal 16: RAN1 to adopt followings for memory of A-IoT device.
· Non-volatile memory (NVM) can be used for A-IoT device for storing information such as product code or device ID. NVM does not require power consumption in maintaining already stored information. Reading NVM requires power consumption of 1~2 uW.
· Volatile memory (VM), e.g., register, could be used for A-IoT device for storing temporary information, e.g., during inventory process. Reading register consumes power of around 0.1uW.



Comba
Proposal 1：The amplifier (LNA) with a power consumption of tens of uW or hundreds of uW can bring significant gain to device 2a, improving its receiving sensitivity. A low-power RF power amplifier should be introduced into device 2a.

Proposal 2：We think that the use of an RF-ED receiver in Device 2a should be given the highest priority. If considering IF-ED or ZIF receivers, their advantages should be verified.

Proposal 3：Study RF-ED and IF-ED architecture for Device 2b with the following blocks.

Proposal 4：For D2R Tx Modulation Architectures, study the following modulations for different device types, discuss the device complexity, power consumption and other effects of the modulator.
· ASK/OOK modulator
· PSK modulator
· FSK modulator
Proposal 5：It is given in Table 1 of assumptions for A-IoT devices, the details need to be further discussed. 

Proposal 6：Consider the following initial SFO accuracy assumptions for ambient IoT,
· Initial SFO of 10^4 ~ 10^5 ppm for device 1
· Initial SFO of 10^3 ~ 10^4 ppm for device 2a
· Initial SFO of 200 ppm for device 2b


IIT
Observation 1: RF-ED-based receiver architecture of device type 1 has a receiver sensitivity of ~ -35dBm.

Observation 2: Zero-IF based receiver architecture of device 2b has a receiver sensitivity range of ~ -50dBm to -80dBm.

Observation 3: For Zero-IF based receiver architecture, the noise level is increased when the received signal is processed in the baseband compared to IF or RF.

Observation 4: Device 2b with IF-ED based architecture has the a receiver sensitivity of ~ -70dBm.
Observation 5: The power consumption of the transmitter chain of device type 2b is considerably higher compared to the backscattering transmitters of device type 2a.
Observation 6: For Device 2b, the power consumption of Tx circuitry is in the range of ~300-500 μW, and the power consumption Rx circuitry is in range of ~150-250 μW. 
Observation 7: The advantage of processing the received signal in RF-ED instead of IF-ED could be bandpass filtering and amplification with lower power consumption.
Proposal 1: Capture the power consumption for each component of ambient IoT devices in Table 2 in TR.
Proposal 2: FSK should not be considered for device 1/2a because of the larger power consumption compared to OOK.
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