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1 Introduction

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

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

a) Conclude at least the following aspects of design targets left to WGs in Clause 5 (RAN design targets) of TR 38.848 [RAN1].

· Clause 5.3: Applicable maximum distance target values(s)

· Clause 5.6: Refine the definition of latency suitable for use in RAN WGs

· Clause 5.8: 2D distribution of devices

b) Define necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
c) Identify basic blocks/components of possible Ambient IoT device architectures, taking into account state of the art implementations of low-power low-complexity devices which meet the RAN design target for power consumption and complexity. [RAN1]
d) Define link budget calculation for coverage, including whether/how to model carrier wave from node(s) inside or outside the connectivity topology.

NOTE: Assessment performance of the design targets is within the study of feasibility and necessity of proposals in the following objectives, e.g. by inspection of reference implementations in the field, simulations, analytically.

NOTE: strive to minimize evaluation cases in RAN1.


This document has following sections.

· Section 2 Online Discussions

· This section includes proposals to be discussed in online session.

· Section 3 Offline Discussions

· This section includes proposals to be discussed in offline session.

· Section 4 Reserved

· Section 5 Issues

· Sub sections of Section 5 include individual discussion topic for offline/online proposals. This section includes following subsections.

· Summary of the issue

· Discussion for FL Proposals and input collection

· Related tdoc proposals

2 Online Discussions

2.1 Tue
Proposal 1.2: For further study, RAN1 to define three device types with at least following characteristics.

· Device 1: ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
· Device 2a: ≤ a few hundred µW peak power consumption1, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
· Device 2b: ≤ a few hundred µW peak power consumption1, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission is generated internally by the device.
Note: This neither assume nor preclude any device implementation which is e.g., the combination of 2a and 2b, i.e., spending a few 100uW of power consumption, has energy storage, both backscattering and active signal generation, w/ DL and/or UL amplification. Study will not investigate the implication of such implementation.
2.2 Wed

Agreement
Study at least the following blocks for device 1 architecture.

· Antenna could be either shared or separate for RF energy harvester and receiver/transmitter.
· Matching network is to match impedance between antenna and other components (including RF energy harvester and receiver related blocks).
· RF energy harvester can include rectifier performing RF signal (AC) to DC conversion.
· Energy storage (e.g., capacitor) stores harvested energy from RF energy harvester.
· Power management unit (PMU) manages storing energy to energy storage from energy harvester and suppling power to active component blocks which needs power supply.
· Digital BB logic includes functional blocks like encoder, decoder, controller, etc.
· Memory can include two types of memory: 1) Non-Volatile Memory (NVM) such as EEPROM for permanently storing device ID, etc, and 2) registers for temporarily keeping any information required for its operation only while energy is available in energy storage.
· Clock generator provides required clock signal(s).
· Reception related blocks

· RF BPF for improving selectivity.

· Depending on implementation, it may not exist. RAN4 RF requirement (if any, e.g., ACS) and peak power consumption target also need to be considered.

· RF Envelope Detector converts RF signal to baseband.

· BB LPF can filter out harmonics and high frequency components to improve input signal quality to comparator.

· Depending on implementation, it may not exist. Presence of BB LPF is assumed for the study.

· Comparator determines high/low of input signal.

· Transmission related blocks

· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics. Waveform/Modulation type is FFS.
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Conclusion: Ambient IoT device can operate based on diverse energy sources in practice – e.g., RF signal, solar, vibration, thermal, etc.

FL Proposal 2.2: For RAN1 study purpose, consider at least energy harvesting from RF signal energy for all device types.
· Study the applicability of RF energy source to device types.

2.3 Thu

FL Proposal 6.1.2: Study at least following blocks for device 2a architecture w/ RF-ED receiver.

· Antenna could be either shared or separate for RF energy harvester and receiver/transmitter.
· Matching network is to match impedance between antenna and other components (including RF energy harvester and receiver related blocks).
· RF energy harvester can include rectifier performing RF signal (AC) to DC conversion.
· Energy storage (e.g., capacitor) stores harvested energy from RF energy harvester.
· Power management unit (PMU) manages storing energy to energy storage from energy harvester and suppling power to active component blocks which needs power supply.
· Digital BB logic includes functional blocks like encoder, decoder, controller, etc.
· Memory can include two types of memory: 1) Non-Volatile Memory (NVM) such as EEPROM for permanently storing device ID, etc, and 2) registers for temporarily keeping any information required for its operation only while energy is available in energy storage.
· Clock generator provides required clock signal(s).
· Reflection amplifier can amplify reflected backscattered signal.

· FFS study applicability of amplification of rx signal, power consumption.

· At least one of R2D/CW2D and D2R could be amplified by either reflection amplifier or LNA.
· Reception related blocks
· RF BPF filter for improving selectivity.
· Depending on implementation, it may not exist. RAN4 RF requirement (if any, e.g., ACS) and peak power consumption target also need to be considered.
· FFS: LNA for improving signal strength and sensitivity of receiver.
· At least one of R2D/CW2D and D2R could be amplified by either reflection amplifier or LNA.
· RF envelop detector (RF-ED) detects envelop from RF signal.
· BB amplifier amplifies BB signal to improve signal strength.
· BB LPF can filter out harmonics and high frequency components to improve input signal quality to comparator/ADC.

· Depending on implementation, it may not exist.
· Comparator or N-bit ADC

· Transmission related blocks
· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics. Waveform/Modulation type is FFS.

· 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).
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FL Proposal 8.1: Further study the feasibility of frequency shift

· Large frequency shift (Large-FS) (e.g., tens of MHz from e.g., FDD-DL frequency to FDD-UL frequency) for device 2a in terms of power consumption, complexity for image suppression, etc.

· Large-FS is not applicable to device 1.

· Small frequency shift (Small-FS) (e.g., hundreds of kHz or up to a few MHz) in terms of power consumption, complexity

· Small-FS is applicable to device 1 and 2a.

FL Proposal 10.1.2: Study at least the following blocks for device 2b architecture w/ RF-ED receiver.

· Antenna could be either shared or separate for RF energy harvester and receiver/transmitter.
· Matching network is to match impedance between antenna and other components (including RF energy harvester and receiver related blocks).
· RF energy harvester can include rectifier performing RF signal (AC) to DC conversion.
· Energy storage (e.g., capacitor) stores harvested energy from RF energy harvester.
· Power management unit (PMU) manages storing energy to energy storage from energy harvester and suppling power to active component blocks which needs power supply.
· Digital BB logic includes functional blocks like encoder, decoder, controller, etc.
· Memory can include two types of memory: 1) Non-Volatile Memory (NVM) such as EEPROM for permanently storing device ID, etc, and 2) registers for temporarily keeping any information required for its operation only while energy is available in energy storage.
· Clock generator provides required clock signal(s).
· Reception related blocks
· RF BPF filter for improving selectivity.
· Depending on implementation, it may not exist. RAN4 RF requirement (if any, e.g., ACS) and peak power consumption target also need to be considered.
· FFS: LNA for improving signal strength and sensitivity of receiver.
· RF envelop detector (RF-ED) detects envelop from RF signal.
· BB amplifier amplifies BB signal to improve signal strength.
· BB LPF can filter out harmonics and high frequency components to improve input signal quality to comparator.

· Depending on implementation, it may not exist.
· Comparator or N-bit ADC

· Transmission related blocks

· Modulator: FFS Waveform/Modulation type dependency
· DAC

· Mixer

· LO/PLL
· FFS: PA
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FL Proposal 4.2: Study following device Tx modulator architectures in terms of power, complexity, cost, etc for different device types.

· OOK modulator

· PSK modulator

· FSK modulator

Note: other modulators are not precluded.
3 Offline Discussions

3.1 Tue

FL Proposal 1 (Device types)
Proposal 1.1: For further study, RAN1 to define three device types with at least following characteristics.

· Device 1: 1uW of power consumption, w/ energy storage, backscattering

· Device 2a: a few 100uW of power consumption, w/ energy storage, backscattering, w/ DL and/or UL amplification

· Device 2b: a few 100uW of power consumption, w/ energy storage, active signal generation, w/ DL and/or UL amplification
Note: This does neither assume nor preclude any device implementation which is e.g., combination of 2a and 2b spending a few 100uW of power consumption, w/ energy storage, both backscattering and active signal generation, w/ DL and/or UL amplification. Study will not investigate the implication of such implementation.
FL to update text to match with SID wording.
Device 3

Yes: Spreadtrum, Futurewei, Philips, CEWiT, MTK, Nokia, IDCC, NTT

No: Samsung, Oppo, CMCC, Apple, QC, vivo, E///, HW, LGE, ZTE, CATT
FL Proposal 2 (Energy source)

Conclusion: Ambient IoT device can operate based on diverse energy sources in practice – e.g., RF signal, solar, vibration, thermal, etc.
FL Proposal 2.1: For RAN1 study purpose, consider at least energy harvesting from RF signal energy for all device types.
· Further study the applicability of RF signal energy to different device types
Support: Spreadtrum, Xiaomi, Samsung, Oppo, Philips, CEWiT, Nokia, QC, IDCC, NTT, LGE, TCL
Questions:

RF signal energy support for device 2?

Spec change? Specify RF energy harvesting?

3.2 Wed
FL Proposal 3.2: Study at least the following blocks for device 1 architecture.

· Antenna could be either shared or separate for RF energy harvester and receiver/transmitter.
· Matching network is to match impedance between antenna and other components (including RF energy harvester and receiver related blocks).
· RF energy harvester can include rectifier performing RF signal (AC) to DC conversion.
· Energy storage (e.g., capacitor) stores harvested energy from RF energy harvester.
· Power management unit (PMU) manages storing energy to energy storage from energy harvester and suppling power to active component blocks which needs power supply.
· Digital BB logic includes functional blocks like encoder, decoder, controller, etc.
· Memory can include two types of memory: 1) Non-Volatile Memory (NVM) such as EEPROM for permanently storing device ID, etc, and 2) registers for temporarily keeping any information required for its operation only while energy is available in energy storage.
· Clock generator provides required clock signal(s) to comparator, digital BB logics, memory, PMU, etc.
· Reception related blocks
· RF BPF for improving selectivity.

· Depending on implementation, it may not exist. RAN4 RF requirement (if any, e.g., ACS) and peak power consumption target also need to be considered.
· RF Envelop Detector converts RF signal to baseband.
· BB LPF can filter out harmonics and high frequency components to improve input signal quality to comparator.

· Depending on implementation, it may not exist.
· Comparator determines high/low of input signal.
· Transmission related blocks
· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics. Waveform/Modulation type is FFS.
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3.3 Thu

FL Proposal 6.1.2: Study at least following blocks for device 2a architecture w/ RF-ED receiver.

· Antenna could be either shared or separate for RF energy harvester and receiver/transmitter.
· Matching network is to match impedance between antenna and other components (including RF energy harvester and receiver related blocks).
· RF energy harvester can include rectifier performing RF signal (AC) to DC conversion.
· Energy storage (e.g., capacitor) stores harvested energy from RF energy harvester.
· Power management unit (PMU) manages storing energy to energy storage from energy harvester and suppling power to active component blocks which needs power supply.
· Digital BB logic includes functional blocks like encoder, decoder, controller, etc.
· Memory can include two types of memory: 1) Non-Volatile Memory (NVM) such as EEPROM for permanently storing device ID, etc, and 2) registers for temporarily keeping any information required for its operation only while energy is available in energy storage.
· Clock generator provides required clock signal(s).
· Reflection amplifier can amplify reflected backscattered signal.
· FFS study applicability of amplification of rx signal, power consumption.
· At least one of R2D/CW2D and D2R could be amplified by either reflection amplifier or LNA.
· Reception related blocks
· RF BPF filter for improving selectivity.
· Depending on implementation, it may not exist. RAN4 RF requirement (if any, e.g., ACS) and peak power consumption target also need to be considered.
· FFS: LNA for improving signal strength and sensitivity of receiver.
· At least one of R2D/CW2D and D2R could be amplified by either reflection amplifier or LNA.
· RF envelop detector (RF-ED) detects envelop from RF signal.
· BB amplifier amplifies BB signal to improve signal strength.
· BB LPF can filter out harmonics and high frequency components to improve input signal quality to comparator/ADC.

· Depending on implementation, it may not exist.
· Comparator or N-bit ADC

· Transmission related blocks
· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics. Waveform/Modulation type is FFS.

· 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).
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FL Proposal 8.1: Further study the feasibility of frequency shift

· Large frequency shift (Large-FS) (e.g., tens of MHz from e.g., FDD-DL frequency to FDD-UL frequency) for device 2a in terms of power consumption, complexity for image suppression, etc.

· Large-FS is not applicable to device 1.

· Small frequency shift (Small-FS) (e.g., hundreds of kHz or up to a few MHz) in terms of power consumption, complexity
· Small-FS is applicable to device 1 and 2a.

FL Proposal 10.1.2: Study at least the following blocks for device 2b architecture w/ RF-ED receiver.

· Antenna could be either shared or separate for RF energy harvester and receiver/transmitter.
· Matching network is to match impedance between antenna and other components (including RF energy harvester and receiver related blocks).
· RF energy harvester can include rectifier performing RF signal (AC) to DC conversion.
· Energy storage (e.g., capacitor) stores harvested energy from RF energy harvester.
· Power management unit (PMU) manages storing energy to energy storage from energy harvester and suppling power to active component blocks which needs power supply.
· Digital BB logic includes functional blocks like encoder, decoder, controller, etc.
· Memory can include two types of memory: 1) Non-Volatile Memory (NVM) such as EEPROM for permanently storing device ID, etc, and 2) registers for temporarily keeping any information required for its operation only while energy is available in energy storage.
· Clock generator provides required clock signal(s).
· Reception related blocks
· RF BPF filter for improving selectivity.
· Depending on implementation, it may not exist. RAN4 RF requirement (if any, e.g., ACS) and peak power consumption target also need to be considered.
· FFS: LNA for improving signal strength and sensitivity of receiver.
· RF envelop detector (RF-ED) detects envelop from RF signal.
· BB amplifier amplifies BB signal to improve signal strength.
· BB LPF can filter out harmonics and high frequency components to improve input signal quality to comparator.

· Depending on implementation, it may not exist.
· Comparator or N-bit ADC

· Transmission related blocks

· Modulator: FFS Waveform/Modulation type dependency
· DAC

· Mixer

· LO/PLL
· FFS: PA
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FL Proposal 4.2: Study following device Tx modulator architectures in terms of power, complexity, cost, etc for different device types.

· OOK modulator

· PSK modulator

· FSK modulator

Note: other modulators are not precluded.
FL Proposal 12.2: Following initial SFO accuracy is assumed for the sampling clocks of device types.
	
	Device 1
	Device 2

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


FL Proposal 7.1: Further study the feasibility of reflection amplifier in terms of feasible amplification gain, its applicability to reception and/or backscattering, power consumption, power, etc.

· Companies are encouraged to provide related assumptions, references, etc, if any.

FL Proposal 14.1: Further study how to improve selectivity of device, e.g., feasibility of RF BPF, BB filter, antenna selectivity, etc.

4 Reserved

5 Issues

5.1 Device Type Categorization

SID has defined two different types of device; (i) and (ii). However, there is still ambiguity in the definition of device type (ii), which allows companies have different understanding on device type ii. Based on inputs from company contributions, following four types of devices were identified. 

	New Device Type
	Corresponding SID device type
	Power consumption
	Energy 
storage
	UL Tx signal generation method
	Amplification

	Device 1
	(i)
	1uW
	Yes
	Backscattering
	No for both DL/UL

	Device 2a
	(ii)
	A few 100uW
	Yes
	Backscattering
	DL and/or UL based on e.g., reflection amplification

	Device 2b
	(ii)
	A few 100uW
	Yes
	Active signal generation
	DL and/or UL based on active RF component

	Device 3
	(ii)
	A few 100uW
	Yes
	Both backscattering and Active signal generation
	DL and/or UL based on e.g., reflection amplifier, active RF component


Currently different companies use different names for above four device types. Thus, FL sees that it is necessary for RAN1 to agree on the naming of above identified devices types first to avoid confusion and facilitate future discussion. Majority of companies had discussion in their tdoc based on two distinct sub-types under Device (ii) based on UL tx signal generation method, i.e., backscatter vs active. However, there were also a few companies (ID, MTK, Xiaomi) considering a device type w/ both backscattering and active signal generation capability. This type of device could be yet another device type which has higher complexity and cost than other device types.

Two companies have shown their initial view on the preferred device type.

	Clarify device types (i.e., 1, 2a, 2b): FW, vivo, Nokia, Xiaomi, CEWiT, QC

Study Hybrid device type:

· Yes: ID, MTK, Xiaomi

· No: CATT

Device type preference:

· Backscatter device: Samsung, HW


5.1.1 [Closed] Discussion (1st round)

FL Proposal 1.1: To facilitate future discussion, RAN1 to define three device types with at least following characteristics.

· Device 1: 1uW of power consumption, w/ energy storage, backscattering

· Device 2a: a few 100uW of power consumption, w/ energy storage, backscattering, potential DL/UL amplification

· Device 2b: a few 100uW of power consumption, w/ energy storage, active signal generation, potential DL/UL amplification

· FFS: Device 3: a few 100uW of power consumption, w/ energy storage, backscattering + active signal generation, potential DL/UL amplification

Please provide a brief comment for FL Proposal 1.1.

	Company
	Comment

	Spreadtrum
	Agree with this proposal.

In addition, we are supportive to Device 3.

	Xiaomi
	Thanks for nice summary!

We are in agreement with the proposal. Device 3 could be further explored as a potential advanced device for enhanced capabilities. However, at this stage, it is necessary to prioritize the discussion of device 1 and device 2. Additionally, a device exhibits simultaneous uplink and downlink amplification. Therefore, modification based on SID is required as follows:

FL Proposal 1.1: To facilitate future discussion, RAN1 to define three device types with at least following characteristics.

· Device 1: 1uW of power consumption, w/ energy storage, backscattering

· Device 2a: a few 100uW of power consumption, w/ energy storage, backscattering, w/ DL and/or UL amplification

· Device 2b: a few 100uW of power consumption, w/ energy storage, active signal generation, w/ DL and/or UL amplification

· FFS: Device 3: a few 100uW of power consumption, w/ energy storage, backscattering + active signal generation, w/ DL and/or UL amplification

	CMCC
	We think it is a bit early to define types. But we can use the following terminologies for discussion, and we only need device 1/2a/2b for terminology.



	Samsung
	Agree with Device 1, 2a, 2b. Not sure about Device 3. We don’t believe that it was the intention for A-IoT to support two different UL transmission modes considering complexity and cost. 

	Futurewei
	For Device 3, what does the following mean:

· “… backscattering + active signal generation …”

Does it mean Device 3 can support backscattering and active signal generation simultaneously? If this is the case, it seems this is not in the scope of the SID. 

Referring to the SID for the a few hundred uW device, the definition is as follows: … “The device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally.” 

Based on the above definition, even though Device 3 supports both backscattering and internal active signal generation, either one should be used at a particular point in time. As such, Physical layer design for Device 3 is the same as for Device 2a and 2b. Similarly for evaluation, no additional simulation work is required.  
We are OK with Device 3 if the physical layer and upper layers are the same as Device 2a and 2b. 

	OPPO
	We can start from Device 1/2a/2b. However, we may not need to study Device 3, since it would be overdesign for a A-IoT devices with ability of switching the UL emitter, furthermore we share the view that it is not in the scope of the SID. 

	Apple
	Similar view as CMCC

	Philips
	We support the clarification offered by the 2a, 2b and 3 device definitions. We also believe that there is merit in a device that can support both backscattering and active signal generation modes of transmission (e.g., allowing fallback from self-generation to backscattering when the energy reservoir is depleted) and would support its inclusion in the study from the start.

	CEWiT
	We are fine to study all four categories of device types, but considering the time constraint for this release, we preferred to focus more on the first three.

	MediaTek
	Ok. Our understanding is that even though Device 3 can do both, it will not simultaneously do backscattering and active signal generation. It hence stays within the scope of the SID

	Nokia, NSB
	OK; we support inclusion of Device 3. For a given transmission, device 3 uses either backscattering or active signal generation.

	QC
	Agree with the proposal. Given that study item focus only on devices with very low complexity, low power, and low cost, it is better to focus on device 1, 2a, and 2b. The Device 3 implicates higher device cost, higher complexity, and redundant HWs to achieve the goal of larger coverage. 

	vivo
	Generally fine

For device 2A/2B, prefer to modify ‘potential DL/UL amplification’ to ‘w/ DL and/or UL amplification’ as xiaomi suggested. 

For device 3, it can be regarded as two devices integrated one object by implementation. No spec effort  is needed on top of device 1/2A/2B.

	IDCC
	Fine with the proposal and support device 3 that can work as an active device and backscatter (e.g., fallback when no energy).

	Ericsson
	Fine, however, we think that the study should focus on Devices 1, 2a, and 2b.

	Huawei, HiSilicon
	The SID already defines the devices. RAN1 does not have a role to re- or partially- define them. If RAN1 needs a shorthand, it should be by only copy-pasting from the SID. It seems this may be adequately handled in the 9.4.1.1 discussion.

Regarding “Device 3”, there is concern on the necessity and benefit of “backscattering + active signal generation”. Even if it is beneficial, such combination can be simply implemented by the combination of  the two, which is an implementation issue. Impact on study and specification should be avoided for such corner case, particularly a combination not given in the SID. Consequently, we do not consider Device 3 in the study.

	NTT DOCOMO
	We are fine to include device 3 for study but are not sure the device should support backscattering as well as active signal generation.

	Lenovo
	We are fine with the proposal. However, the design of device 3 needs to be clarified, since extra components may need to be added to device 2b such as switching of matching network, logic circuit design for switching, etc. It looks like we need two combined devices to support both backscattering and active transmission

	LGE
	Agree with CMCC. 

	ZTE, Sanechips
	It is not clear why we have device 3. For device3, it is more like an implementation issue based on device 2a and 2b.

	CATT
	Fine to focus on Devices 1, 2a, and 2b.

	TCL
	Thanks for great summary and we agree with Device 1, 2a, 2b. For Device 3, we think it is necessary to further the complexity because that needs support two modes by switching.


5.1.2 Related Tdoc Proposals

[Spreadtrum] 
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Proposal 7: two UL transmission manner, i.e., backscatter and signal generated internally, only differ in UE implementation, but do not distinguish on the network side.

[Futurewei] 

Proposal 2: For convenience, we propose to refer to Ambient IoT devices in (i) and (ii) as low-power and high-power Ambient IoT devices, respectively. 

[vivo] 

Proposal 1: Consider following categorization for AIoT device types

Device 1: RF envelop detector is assumed for DL w/o LNA, and backscatter transmission for UL w/o reflection amplifier.

Device 2A: RF envelope detection or IF/Zero-IF envelope detection for DL (optionally w/ LNA), and backscatter transmission for UL (optionally with reflection amplifier)

Device 2B: IF/Zero-IF envelope detection for DL w/ LNA, and active UL transmission.

[Nokia] 

Proposal 3: Clarify the description of device type ii. To include devices only capable of backscatter UL transmission, devices only capable of active internally generated UL transmission, and devices configurable for either backscatter or active UL transmission for a particular transmission.     
[CEWiT] 

Proposal 1: Support the following architectures for Ambient IoT devices

a)
Category 1: Backscattering device

b)
Category 2: Backscattering Device with Control Unit

c)
category 3: Ambient IoT device capable of signal generation and transmission

[QC]

Proposal 1: For study purpose, define device 1, 2a, and 2b as captured in the Table 1.

[Xiaomi]

Proposal 3: A-IoT device architectures for UL transmission need to be designed separately for active devices and passive devices. If option 3 is included in Rel-19 study item, the mixed transmission architecture should be de-prioritized.

Proposal 4: The architectures for passive devices should be discussed first in RAN1.

Proposal 5: Complexity and cost need to be considered in the initial design of A-IoT device architectures.

[ID] 

Proposal 2: Consider the following options for Type 2 device architecture:

•
Active transceiver

•
Enhanced semi-passive transceiver (Type 1 device + amplification)

•
Hybrid transceiver

[MTK]

Proposal 3 Study on UL transmission requirements for an active A-IoT tag, specifically the need to support both backscattering and internal generation, to aid in the development of a harmonized air interface.

[CATT]

Proposal 6: The composition of backscatter/transmitter components in A-IoT devices should be strictly limited, considering that signal converters require more components and higher power, especially for Type-2 devices.

5.2 Energy sources and Energy Storage for A-IoT Device Study 

The SID [1] does not limit the source of energy for energy harvesting. A-IoT device can operate on one or more energy sources in practice. However, for Rel-19 study, RAN1 needs to make some common assumption on the available source of energy since it could have a impact on feasibility (power, link budget, etc), PHY/MAC system design (procedure), device architecture (RF energy harvester, etc), etc. A few companies have shown their view on the support of diverse energy sources. However, it is not clear whether their views are just general view considering practical aspects, or they consider RAN1 study specifically. So, it would be helpful to clarify and make a common understanding on the assumption of available energy sources for RAN1 study. 

There was one company (E///) suggesting the discussion of the applicability of RF signal energy to device 2. QC provided the device charging time and energy storage analysis for RF signal energy for device 2.

One company suggested to clarify whether the “energy storage” is battery and proposed to deprioritize battery-based device.

	For Rel-19 SI, consider all energy sources (Spreadtrum, Oppo, Xiaomi(discuss first))

For Rel-19 SI, consider at least RF energy harvesting for all device types (Nokia, Xiaomi, QC)

Discuss whether RF EH could be used for device type 2 (E///)

The size of the storage capacitor for Device B needs to be at least in the order of 2000 μF. (E///)

Roughly additional 1uF is required for additional 100ms of one inventory round (sleep(86.5ms) + sync(10ms) + Rx(3ms) + Tx(0.5ms)) of operation for device 2 consuming 200uW for Tx (QC)

To clarify whether A-IoT device has energy storage based on a battery. (Xiaomi)


5.2.1 Discussion (1st round)


Conclusion: Ambient IoT device can operate based on diverse energy sources in practice – e.g., RF signal, solar, vibration, thermal, etc.

FL Proposal 2.1: For RAN1 study purpose, consider at least RF signal energy for all device types.

Please provide a brief comment for above Conclusion and FL Proposal 2.1.

	Company
	Comment

	Spreadtrum
	Fine with the proposal.

From our understanding, only RF energy harvesting may not enough for Device 2a/2b, especially for some vertical scenarios which RF energy harvesting is not easy to obtain. So other energy sources should also be considered.

	Xiaomi 
	Fine with the proposal..

As discussed in our contribution, radio waves provide a relatively stable power supply that can be delivered to A-IoT devices through gNBs or UEs. Thereby, RF signal energy should be regarded as baseline.

	CMCC
	We are not clear of the proposal. Every device can be from any source from implementation perspective. It is not clear to us to what specification change does RF energy harvesting matter. We think more discussion and clarification are needed.

	Samsung
	Fine with the conclusion. Regarding Proposal 2.1, we are not sure how RF energy harvesting can power a device requiring a few hundreds of uW, considering the practical output power of RF energy harvester. 

	Futurewei
	Let us first clarify if RF signal energy harvesting is in the scope of the SID. 

	OPPO
	We agree with the proposal. There would be opinion that the source of energy would be more implementation dependant. But, for RAN WG study, it already shows that the RF source would be more controllable source. The unstable source of like solar, motion and so on would make much different schemes for A-IoT. If we can prioritize RF, it make more consolidated solution.

	Apple
	Is the intention here to specify RF energy harvesting?

	Philips
	Agree

	CEWiT
	For the starting point, at least RF energy source should be studied and on later release, we can focus on other energy sources as well.

	MediaTek
	It is not clear to us where FL is heading to with this proposal. Does FL intend to say that some tags with “the worst-case scenario” (or minimum requirement) only have energy harvester for RF signal?

	Nokia, NSB
	OK

	QC
	Fine with the proposal. RF signal energy is controllable by RAN, and accordingly provides certain level of performance guarantee. Furthermore, since it is radio signal, it has direct/indirect impact on system design as well. Therefore, it should be assumed as baseline energy source for Rel-19 study.

	vivo
	Same question as Apple. 

If for energy harvesting, the RF energy source can hardly support the device 2 with hundreds uw power consumption. Other sources like solar, vibration, …seems more reasonable.

	IDCC
	Ok.

	Ericsson
	For Device 1, we think the energy source will be RF.

For Device 2a and 2b, it is unlikely that the device will rely (at least solely) on RF energy harvesting as these device types have higher peak power consumption. Therefore, whether Devices 2 and 2b can rely on RF energy harvesting should be further studied, considering the efficiency and energy density of RF harvesting, as well as approximate harvesting area at the device. 

	Huawei, HiSilicon
	This signal source proposal does not relate to device architecture, rather to A-IoT system deployment. It is enough under the device architecture agenda to capture block(s) relating to energy storage/harvesting.

In general, the energy harvesting and storage issue is out of the scope of 3GPP. The potential energy sources to be used by Ambient IoT device has been briefly described in the Annex of TR 38.848 and TR 22.840. The energy source(s) to be used in different practical use cases depends on the corresponding scenarios, implementation, and solution. Hence the device architecture agenda item should simply present a generalized block(s) for this part.

	NTT DOCOMO
	We support this proposal with following update to make “RF signal energy” clear. We agree with Moderator’s comment that having common understanding on the assumption on available energy source helps the future discussion not only for device architecture but also PHY design/procedure of A-IoT UE.

FL Proposal 2.1: For RAN1 study purpose, consider at least energy harvesting from RF signal energy for all device types.

	LGE
	We support this proposal. Slightly prefer the wording suggested by DOCOMO.

	CATT
	The intention of the proposal may need to be further clarified. “energy harvesting and storage is clearly a part of an A-IoT device. However, it is unclear what needs to be studied from the RAN1 perspective from the proposal.

	TCL
	Fine with the conclusion. Different energy sources can be discovered in environment. For device 1, considering the non-RF signal energy is difficult from our opinion because of its low cost and complexity. For device 2, different energy sources can be considered. Thus, we support this proposal.


5.2.2 [High]Discussion (2nd round)

Conclusion: Ambient IoT device can operate based on diverse energy sources in practice – e.g., RF signal, solar, vibration, thermal, etc.

FL Proposal 2.2: For RAN1 study purpose, consider at least energy harvesting from RF signal energy for all device types.
· Study the applicability of RF energy source to device types.

Summary of discussion during offline:

· The assumed energy source can affect device architecture (power, complexity, cost, etc), assumption/outcome of link budget.
· Following companies were fine to consider RF energy source for study purpose.

· Support: Spreadtrum, Xiaomi, Samsung, Oppo, Philips, CEWiT, Nokia, QC, IDCC, NTT, LGE, TCL
· There were also questions like …
· RF signal energy support for device 2?

· Spec change? Specify RF energy harvesting?

Please provide a brief comment for above Conclusion and FL Proposal 2.1.

	Company
	Comment

	
	


5.2.3 Related Tdoc Proposals


[Spreadtrum] 

Proposal 1: Various energy sources should be supported for supply power, e.g., RF, solar/light, piezoelectric (kinetic/vibration), electromagnetic, electrostatic, heat/thermal, thermoelectric, magnetic, wind/water, acoustic, etc.

[E///]

Proposal 5 Discuss whether Device B, like Device A+, can rely solely on RF energy harvesting to drive itself.

Proposal 8 Discuss whether Device C-, like Device A+, can rely solely on RF energy harvesting to drive itself.

[Nokia] 

RF energy harvesting is assumed for all devices (including the ones with active transmission)

[Samsung]

Observation 3: For Type-2 devices, RF energy harvesting may not satisfy the required power consumption of a few hundred µW. Other renewable sources need to be assumed and that is not in scope of 3GPP study.

[Xiaomi] 

Proposal 8: Whether considering all types power source for A-IoT passive devices should be discussed first.

Proposal 9: At least radio wave should be regarded as baseline power source for A-IoT passive device.

[Oppo] 

Proposal 1: Both Device i and Device ii should include an energy harvesting and storage component, both RF energy source and other energy source, including solar, piezoelectric, thermal, etc., should be considered in this SI.

[QC]

Proposal 2: For Rel-19 A-IoT study purpose, assume that all device types do energy harvesting from RF signal only.

Proposal 3: RAN1 to study RF signal-based energy harvesting in Rel-19 A-IoT SI. 

Observation 3: Roughly speaking, device 2 requires additional 1uF of capacitance to sustain one more round in an inventory process (when Tx power is assumed to be 200uW).

5.3 Device 1: Architecture

Many companies have provided device architecture block diagrams for device 1 (1uW) with following observations.

· High commonalities are observed across companies’ input in high level structure including antenna, matching network, RF energy harvester, energy storage, digital baseband (BB), memory, etc.

· There are companies who provided more detailed receiver and/or transmitter architecture diagrams.

· For receiver architecture, most of inputs are RF envelope detection-based receiver. Many companies noted that pervious Rel-18 LP-WUS/WUR SI, where RFED receiver was studied as one of receive architecture. It was also noted that power consumption of RFED receiver could be low enough to meet 1uW power budget of device 1 with its limited sensitivity (which is fine to A-IoT use case). 

· For transmitter architecture, majority of companies provided backscatter modulator (impedance switch) based transmitter.

· RF BPF: There are a set of companies considered RF BPF filter. Remaining companies didn’t include RF BPF in their input. It would be good to discuss the feasibility of including RF BPF for device 1.

	Device 1 Architecture: (Spreadtrum, E///, FW, HW, vivo, CMCC, Nokia, CATT, ZTE, Honor, Oppo, ID, Samsung, Apple, QC)

· Antenna

· Matching network

· RF energy harvester (rectifier, charge pump)

· Energy storage

· PMU

· Digital BB logic (encoder, decoder, controller)

· Memory

· Clock generator

· Receiver 

· RF Envelop Detector

· RF BPF (E///, FW, Oppo, Samsung, Nokia, E///, IIT)

· Matching network

· RF Envelop Detector

· BB LPF

· Comparator (or 1-bit ADC)

· Transmitter 

· Backscatter modulator (RF switch for impedance switching)




5.3.1 Discussion (1st round)

FL Proposal 3.1: Study device 1 architecture (shown in Figure 1) with following blocks.

· Antenna could be either shared or separate for RF energy harvester and receiver/transmitter.
· Matching network is to match impedance between antenna and RF energy harvester to maximize power transfer from antenna to RF energy harvester.
· RF energy harvester can include rectifier performing RF signal (AC) to DC conversion with multi-stage voltage multiplier and/or charge pump to increases the output voltage of energy harvester.
· Energy storage (e.g., capacitor) stores harvested energy from RF energy harvester.
· Power management unit (PMU) manages storing energy to energy storage from energy harvester and suppling power to active component blocks which needs power supply. PMU can detect high incident power level and turn on other parts of system including receiver chain or BB logics, etc.
· Digital BB logic includes functional blocks like controller, encoder, decoder, controller, correlator, etc.
· Memory can include two types of memory: 1) Non-Volatile Memory (NVM) such as EEPROM for permanently storing device ID, etc, and registers for temporarily keeping any information required for its operation while only energy is available in energy storage.
· Clock generator provides required clock signal(s) to comparator, digital BB logics, memory, PMU, etc.
· Receiver (RF-ED based)

· FFS:RF BPF for improving selectivity.

· RF Envelop Detector converts RF signal to baseband. Consumes relatively low power. Has relatively poor sensitivity.

· BB LPF can filter out harmonics and high frequency components to improve input signal quality to comparator.

· Comparator (or 1-bit ADC) determines high/low of input signal. 

· Transmitter 

· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics. Waveform/Modulation type is FFS.
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Figure 4 Architecture for Device 1

Please provide brief comments for FL Proposal 3.1.

	Company
	Comment

	Spreadtrum
	Agree with FL Proposal 3.1 in principle. 

However, we doubt whether it is feasible to use RF BPF considering power consumption, complexity, cost, and the required bandwidth. In addition, from our understanding, to cope with the required power consumption, the RF envelope detector might be a passive component.

	Xiaomi
	Each block should be individually discussed, rather than drawing a comprehensive conclusion directly. The original proposal is proposed to be modified as follows in order to avoid premature restrictions on the inclusion of blocks in device1.
FL Proposal 3.1: Study the following blocks for device 1 architecture (shown in Figure 1).

· Antenna could be either shared or separate for RF energy harvester and receiver/transmitter.
· Matching network is to match impedance between antenna and RF energy harvester to maximize power transfer from antenna to RF energy harvester.
· RF energy harvester can include rectifier performing RF signal (AC) to DC conversion with multi-stage voltage multiplier and/or charge pump to increases the output voltage of energy harvester.
· Energy storage (e.g., capacitor) stores harvested energy from RF energy harvester.
· Power management unit (PMU) manages storing energy to energy storage from energy harvester and suppling power to active component blocks which needs power supply. PMU can detect high incident power level and turn on other parts of system including receiver chain or BB logics, etc.
· Digital BB logic includes functional blocks like controller, encoder, decoder, controller, correlator, etc.
· Memory can include two types of memory: 1) Non-Volatile Memory (NVM) such as EEPROM for permanently storing device ID, etc, and registers for temporarily keeping any information required for its operation while only energy is available in energy storage.
· Clock generator provides required clock signal(s) to comparator, digital BB logics, memory, PMU, etc.
· Receiver (RF-ED based)

· FFS:RF BPF for improving selectivity.

· RF Envelop Detector converts RF signal to baseband. Consumes relatively low power. Has relatively poor sensitivity.

· BB LPF can filter out harmonics and high frequency components to improve input signal quality to comparator.

· Comparator (or 1-bit ADC) determines high/low of input signal. 

· Transmitter 

· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics. Waveform/Modulation type is FFS.



	CMCC
	In principle, we are fine with the architecture. 
Two commnents
(1) Comparator (or 1-bit ADC): we think for 1uW device, raising/falling edge detection for OOK Manchester/PIE is also possible practical implementation which is less power consuming. The 1uW Manchester decoding would be much different to the OOK Manchester which has been studied in LP-WUS which is much more power consuming.
(2) Memory: typo
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 while only energy is available in energy storage.


	Samsung
	In high level, we are okay with the reference architecture shown in Figure 1, with the following comments:

· The feasibility and benefit of BPF as well as LPF need to be studied. RF envelop detector can achieve a functionality of BPF to a certain degree by smoothing out a certain range of fluctuations within a chip duration.

· Current description of backscatter modulator is too specific, i.e., having two states. We can leave it generic by removing the sub-figure. 

	Futurewei 
	Ok as a starting point. 

	OPPO
	We wonder in the architecture, the RF BPF is the only one left for FFS. The requirement for coexistence would also require that component. There should be justification for removing it. Otherwise, it should be included.

	Apple
	Generally fine with the direction of the proposal

	CEWiT
	Fine with the architecture for the downlink signal processing, however, need a clarification    on carrier wave signal processing.

As carrier wave is unmodulated signal, which doesn’t require any detection/ demodulation, how is this taken care in the given architecture?

	MediaTek
	Given 1uW, the feasibility of RF BPF and BB LPF need to be studied.

	Nokia, NSB
	OK in principle

There seems to be a type in the “Memory” component: “registers for temporarily keeping any information required for its operation while only energy is available in energy storage” should presumably read “registers for temporarily keeping any information required for its operation only while energy is available in energy storage”

	QC
	Similar opinion as Spreadtrum. RF BFP is too costly for device 1. We propose to remove RF BPF for device 1.

	vivo
	Generally fine.

We are also not sure about RF BPF, the receiver BW may be achieved by operating BW of antenna and matching network.

	IDCC
	Fine with the proposal but we also think the feasibility of the filters need to be studied for low power devices.

	Ericsson
	Fine to study the different functional blocks, as proposed by the FL. However, we do not think we need agree to the architecture (as in the figure) before studying the different components.

Furthermore, regarding the peak power consumption targets of ~1 µW for Device 1 and ≤ a few hundred µW for Devices 2a and 2b, we think it needs to be discussed if these targets concern only the power consumption associated with the active components in the transmitter/receiver chain of the device, or if it also includes the power consumptions of memory, PMU, etc. 

	Huawei, HiSilicon
	We generally agree with the architecture in Figure 1, except the RF BPF.

The RF BPF can have non-negligible impact on the cost and size of the Ambient IoT device, especially the device with ~1 uW peak power consumption. The necessity and parameters of RF BPF filter depends on the detailed coexistence evaluations for the target deployment scenarios. Considering the indoor deployment with modest communication range (e.g., ≤50 m), RF BPF may not be mandatory for Ambient IoT device. It is proposed that RF BPF is not regarded as the basic block / component of Ambient IoT device.

	Lenovo
	Feasibility of ADC and a separate BPF needs to be checked considering 1uW devices. The antenna and the matching network provide BPF effect with a reasonable bandwidth if designed properly.

	ZTE, Sanechips
	To simplify the architecture, RF energy harvester, Energy storage, Power management unit can be considered as a function block, i.e., RF energy supply.

It needs to be decided whether the additional RF BPF/BB LPF can be supported by the device with ~1 uW power consumption or whether the target power consumption of device 1 is refined.

	CATT
	We generally agree with the architecture in Figure 1. 

	TCL
	We agree with FL proposal 3.1. RF BPF may bring more complexity and non-idea filter performance even though it is an active component. Thus, we agree with further studying the RF BPF according to DL signal characteristic and bandwidth.


5.3.2 [High] Discussion (2nd round)

FL Proposal 3.2: Study the following blocks for device 1 architecture.

· Antenna could be either shared or separate for RF energy harvester and receiver/transmitter.
· Matching network is to match impedance between antenna and RF energy harvester to maximize power transfer from antenna to RF energy harvester.
· RF energy harvester can include rectifier performing RF signal (AC) to DC conversion.
· Energy storage (e.g., capacitor) stores harvested energy from RF energy harvester.
· Power management unit (PMU) manages storing energy to energy storage from energy harvester and suppling power to active component blocks which needs power supply. PMU can detect high incident power level and turn on other parts of system including receiver chain or BB logics, etc.
· 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 only energy is available in energy storage.
· Clock generator provides required clock signal(s) to comparator, digital BB logics, memory, PMU, etc.
· Receiver (RF-ED based)

· FFS: RF BPF for improving selectivity.
· RF Envelop Detector converts RF signal to baseband.
· BB LPF can filter out harmonics and high frequency components to improve input signal quality to comparator.
· Comparator determines high/low of input signal. 
· Transmitter

· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics. Waveform/Modulation type is FFS.
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Figure 5 Architecture for Device 1
FL Proposal 3.2 is the outcome of offline discussion.
Please provide any additional comments for FL Proposal 3.2. (Please do not repeat the same comment as 1st round.)
	Company
	Comment

	
	


5.3.3 Related Tdoc Proposals/Diagrams (Device Architecture)

[Spreadtrum] 
Proposal 5: For the Ambient IoT device with 1 µW peak power consumption, the RFID tag-like architecture (i.e., Fig 1) could be the starting point.
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Figure 2: ~1 pW peak power consumption device




[FW]
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Figure 1: Example General Architecture of Ambient IoT devices.
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[vivo]
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[CMCC]
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[Nokia]
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Figure 2. Generic Ambient IoT Device (i.1) (passive backscattering) block diagram.




[CATT]
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Figure 7: The illustration of A-IoT device architecture based on backscattering for Type-1 device
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[Samsung]
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[Apple]
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[CU]

Proposal 1：The baseline device architecture includes energy supply module, RF envelope detector, comparator, modulator, decoder/encoder, controller and memory.
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[IIT]

Proposal 1: Device Type 1 architecture is based on envelope detector as a receiver and AM modulation based backscattering:
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[QC]
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Figure 1 Example high level block diagram of device 1




5.3.4 Related Tdoc Proposals/Diagrams (Radio Architecture)

[Ericsson] 

Proposal 1 Study Rx architecture with RF envelope detection for passive device without amplification (A+).

Proposal 2 Study Tx architecture in Figure 2 for passive device without amplification (Device A+).
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[FW] 

Proposal 3: Leverage LP-WUS/WUR study and adopt the demodulator architecture in Figure 3 as reference for evaluation and analysis of low-power Ambient IoT devices.

Proposal 4: Adopt the modulator architecture in Figure 4 as reference for evaluation and analysis of low-power Ambient IoT devices.
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Figure 3: Reference receiver architecture diagram for low-power Ambient IoT device.
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[CATT] 

Proposal 5: The receiver component of the ambient IoT could support a RF envelope detector architecture, at least for Type-1 A-IoT device.

[Oppo] 

Proposal 3: If OOK is used for the transmission to a A-IoT device, RF envelope detector should be used for the A-IoT device, the RF envelope detector should not include RF and BB amplifier, neither high-Q matching network.
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[Lenovo] 
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Figure 7: RF transmitter for passive Ambient IoT type 1 device (~1 pW)




[ID] 

Proposal 1: The Type 1 device architecture is based on an envelope detector receiver and backscattering transmitter.
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5.4 Device 1: Tx Modulation/Waveform

A few companies have shown their views on the choice tx modulation scheme and its impact on device architecture in terms of power consumption, cost, etc. It would be good to study further about tx modulation dependent transmitter architecture and understand pro/cons.

	Tx Modulation for Device 1

· Study modulator architecture for OOK, PSK, FSK: (TCL)

· Study modulator architecture for OOK, PSK, OOK+PSK: (LG)

· Study modulator architecture for OOK: (Samsung)

· Do not consider FSK, PSK based modulator architecture for: (vivo)




5.4.1 Discussion (1st round)

FL Proposal 4.1: Study following modulator architectures in terms of power, complexity, cost, etc for different device types.

· OOK modulator

· PSK modulator

· FSK modulator

Please provide brief comments for FL Proposal 4.1.

	Company
	Comment

	Spreadtrum
	At least OOK should be supported. FFS for PSK and FSK, considering the complexity of Device 1.

	Xiaomi
	This issue needs to be discussed after the evaluation of waveform performance. In this stage, other modulators should not be precluded. We propose to modify the original proposal as follows:
FL Proposal 4.1: Study following modulator architectures in terms of power, complexity, cost, etc for different device types.

· OOK modulator

· PSK modulator

· FSK modulator

Note: other modulators are not precluded.



	CMCC
	For backscattering, we would like to prioritize OOK and PSK.
FSK as commented by some contribution it can be implemented by line coding with OOK waveform.

	Samsung
	We are okay to study different options. However, we need to clarify if this is for DL or UL? Also, it will be preferable to give a priority. In our understanding, OOK is considered by the majority of the companies as a baseline, while there were several companies questioning about the feasibility of the FSK. Thus, we propose to modify the proposal as following:

FL Proposal 4.1: Study following [DL or UL??] modulator architectures in terms of power, complexity, cost, etc for different device types.

· OOK modulator (baseline)
· PSK modulator

· FFS: FSK modulator



	Futurewei
	Share the same view as Samsung to clarify whether for UL or DL. 

	OPPO
	We prefer to prioritize OOK. We would better to have only one waveform. We spent time on selection that in LP-WUS

	Apple
	We would suggest prioritizing OOK and also mention that ASK could be considered as well. Not sure if PSK/FSK would be applicable for the low category device

	CEWiT
	We are fine to study the provided modulator options considering the power consumptions limitation w.r.t device type

	MediaTek
	We think OOK should be the baseline for study. Between PSK and FSK, PSK should be prioritized.

	Nokia, NSB
	OK

	QC
	We propose to keep all options now and study their pros/cons from modulator complexity/power perspective.

	vivo
	Same view as Apple

	IDCC
	Ok.

	Ericsson
	Whether the proposal concerns UL or DL should be clarified. 

	Huawei, HiSilicon
	The modulations for uplink transmission will be discussed in 9.4.2.1, per the chair’s agenda. The comparison between the potential implementations of OOK / PSK / FSK can be too detailed comparing to the block diagram in Figure 1. As the key objective of the device architecture study is to identify the basic blocks / components for Ambient IoT device, this should be left for now, and returned to, if needed, once modulations are understood.

	Lenovo
	OOK/ASK should be supported as a priority. PSK can be also considered and FSK can be considered for active device

	LGE
	We support this proposal.

	ZTE, Sanechips
	OK with OOK and PSK as starting point. 

But the feasibility of FSK need further study.

	CATT
	Fine with the proposal. 

	TCL
	Thanks for great summary. We agree with the FL proposal 4.1. For FSK, active component for modulation may be considered, so we think that one need to be further studied.

	Wiliot
	OOK and FSK are both fitting the design targets and thus should be supported for both active and passive devices.


5.4.2 Discussion (2nd round)

FL Proposal 4.2: Study following device Tx modulator architectures in terms of power, complexity, cost, etc for different device types.

· OOK modulator

· PSK modulator

· FSK modulator

Note: other modulators are not precluded.
Note: prioritize OOK
Please provide brief comments for FL Proposal 4.2. (Please do not repeat the same comment as 1st round.)

	Company
	Comment

	
	


5.4.3 Related Tdoc Proposals

[TCL]

Proposal 5: Based on the above analysis, we give some suggestions of modulation architecture for future discussion 

-- Study on OOK-based modulation architectures firstly to meet the requirement of low-power and low-complexity.

-- Study on BPSK-based modulation architectures to analyze the feasibility as candidate modulation scheme, including phase offset because of non-idea factors. In addition, QAM should not considered in this version because of the hardware complexity and the higher power consumption.

--2FSK-based modulation architecture as low priority may be considered to meet the UL coverage requirement of device B. 

-- Only load modulation is considered for OOK and BPSK modulation schemes because of the requirement of low-power and low-complexity.

-- Different UL receiver architectures should be considered, including OOK-based receiver and BPSK-based receiver. 

[vivo]

Observation 2: FSK modulation results in higher power consumption. Does not meet the design target of device 1. But it may be a potential architecture for device 2A/2B.

Observation 3: High accuracy local oscillator may be needed if BPSK/QPSK modulation is adopted. It will also increase the difficulty and cost of hardware and algorithm implementation with the higher-order modulation.

[Samsung]

Proposal 2: Considering the low-complexity requirements of A-IoT devices, prioritize a simplest modulation scheme for backscattering transmission, e.g., OOK.

[LGE]

Proposal 1: For AmIoT receiver architectures, study the following:

-
ASK/OOK only receiver

-
ASK/OOK + FSK receiver

Proposal 2: For AmIoT (backscatter) transmitter architectures, study the following:

-
ASK/OOK only transmitter

-
PSK only transmitter

-
ASK/OOK + PSK transmitter

5.5 Device 1: Receiver Sensitivity

A few companies provided the value of receiver sensitivity of device 1 (1uW). More inputs are necessary to better understand the receiver sensitivity of device 1.

	No higher than -40dBm: HW

-50dBm ~ -40dBm: Apple


5.5.1 Discussion (1st round)

FL Proposal 5.1: Company to report the sensitivity (dBm) of RFED based receiver for device 1 with any necessary assumptions, references, etc.

· Note: Receiver sensitivity is different from that of energy harvester.

Please provide brief comments for FL Proposal 5.1. 

	Company
	Comment

	FL
	If possible, please report assumed sensitivity values (or its range) for device 1 with any necessary assumptions, references (literatures), etc.

	Spreadtrum
	According to [1], the receiver sensitivity can reach -42dbm with 10 kbps and 0.2uW power consumption.

[1] Han, P.; Zhang, Z.; Xia, Y.; Mei, N. A 920-MHz Dual-Mode Receiver with Energy Harvesting for UHF RFID Tag and IoT. Electronics 2020, 9, 1042.

	Xiaomi
	Fine

	CMCC
	For device 1, it is restricted by the RF-EH threshold, so we think no need to define RFED threshold.
For device 2 with hundreds uW, in principle LNA can be used to improve the downlink receiver sensitivity to as lower as possible until it is lower than the noise limitation. However, a single level LNA which results in about 10-20 dB gain would be more in practical with less than 100uW power consumption. 

	OPPO
	We would feed back later. Would that values will be captured in the TR for device 1?

	Apple
	As mentioned in our contribution, based on literature review, we could consider receiver sensitivity for device 1 to be ~-40dBm

	MediaTek
	We think it can be reported by companies. But do we need an agreement at this stage?

	QC
	Device 1 is energy storage aided device. The required power of (1uW) is provided from energy storage rather than from incident wave on the fly. We see -35dBm to -40dB could be achievable. 

	vivo
	Agree with CMCC that DL coverage is limited by RF-ED or activation threshold. Hence prefer to discuss this threshold for device 1.

	Ericsson
	Shouldn’t this be discussed/agreed in AI 9.4.1.1? Please clarify the need for this proposal in this agenda item. 

	Huawei, HiSilicon
	FL should clarify how this is related to architecture of device, rather than link budget. It seems a proposal belonging to other agenda items.

It is proposed to consider -40 dBm as the value for downlink receiver sensitivity in the link budget calculation, with some implementation margin reported by companies.

	Lenovo
	Fine with the proposal

	ZTE, Sanechips
	-20~-25 dBm for activation threshold of device type 1.

The sensitivity of signal detection needs to be derived based on LLS results.

	CATT
	We have similar question on the intention to capture the sensitivity (dBm) of RFED based receiver and any necessary assumptions, etc. in the architecture study.

	TCL
	Fine

	Wiliot
	Sensitivity of -50dBm can be assumed for RFED receiver. 


5.5.2 Discussion (2nd round)

FL Proposal 5.2: Company to report the sensitivity (dBm) of RFED based receiver for device 1 with any necessary assumptions, references, etc.

· Note: Receiver sensitivity is different from that of energy harvester.

FL comment: The intention is to understand reasonable range of RFED based receiver sensitivity. This will help understand the feasibility of device 1 in terms of power, complexity, sensitivity. It could be used as an input to link budget/coverage analysis in 9.2.1.1.
Following values were collected with power and reference. Please provide additional input to this table.
	Device 1 Receiver Sensitivity
	Power consumption
	Company
	References, if any

	-42dBm
	880nW
	Spredtrum
	Han, P.; Zhang, Z.; Xia, Y.; Mei, N. A 920-MHz Dual-Mode Receiver with Energy Harvesting for UHF RFID Tag and IoT. Electronics 2020, 9, 1042.

	-40dBm, 
	<1uW
	Apple
	J. Blanckenstein, J. Klaue and H. Karl, "A Survey of Low-Power Transceivers and Their Applications," in IEEE Circuits and Systems Magazine, vol. 15, no. 3, pp. 6-17, thirdquarter 2015

	-40dBm to -35dBm
	Passive,

98nW
	QC
	A High-Sensitivity Fully Passive Wake-Up Radio Front-End for Wireless Sensor Nodes, ICCE, 2014
A 98nW Wake-up Radio for Wireless Body Area Networks

	-40dBm
	
	HW
	

	-25dBm ~ -20dBm
	
	ZTE
	

	-50dBm
	
	Wiliot
	

	
	
	
	


5.5.3 Related Tdoc Proposals

[HW]

Proposal 9: For Ambient IoT device, the receiver sensitivity can be reported per company by inspection of reference implementations in the field.

Proposal 10: For Ambient IoT device with ~1 µW peak power consumption, the receiver sensitivity of RF envelope detector is assumed to be no higher than -40 dBm.

[Apple]

Observation 9: For receiver with RF envelope detector architecture, receiver sensitivity in the range of -50dBm to -40dBm can be achieved, while satisfying the power consumption requirement of lower- category device (~1µW of peak power consumption)

[E///]

Observation 2 Replacing active ED with passive ED helps to reduce the peak power consumption to ~1 µW but negatively impacts the Rx sensitivity.

[TCL]

Proposal 2: Discuss and study on the rectifying efficiency of RF source in AIoT architecture to improve demodulation sensitivity and capability, and consider the impact on signal/channel design. 

5.6 Device 2a: Architecture

Companies have provided inputs on device architecture for device 2a (a few 100uW, backscatter) with following observations.

· High commonalities are observed across companies’ input in high level structure including antenna, matching network, RF energy harvester, energy storage, digital baseband (BB), memory, etc.

· Multiple receiver architectures were proposed including RF-ED, IF-ED, ZIF-ED. Different architectures include different components. 

· In transmitter architecture, reflection amplifier was proposed by majority of companies. The reflection amplifier is included in the transmitter chain in most of block diagrams. However, it is noted that single reflection amplifier can amplify both received signal at receiver and reflected signal in transmitter.

· There were two companies included frequency shifter in their diagram. There was also a different view that frequency shifter should not be assumed.

· LNA, RF BPF, BB amplifier were assumed by a few companies. Feasibility needs to be further studied in terms of power consumption, complexity, etc.

· Comparator or multi bit ADC were assumed by companies.

· There was one company included PA in transmitter.

	Device architecture for device 2a

· Antenna

· Matching network

· RF energy harvester (rectifier, charge pump)

· Energy storage

· PMU

· Digital BB logic (encoder, decoder, controller)

· Memory

· Clock generator

· Receiver

· RF BPF filter (TCL, E///, Samsung)

· LNA (Spreadtrum, TCL, E///, Oppo, Lenovo, CU)

· RF-ED detection (Spreadtrum, HW, vivo, CMCC, CATT, Samsung, CU, IIT, QC, TCL, Oppo, Apple)

· RFED

· IF-ED detection (Spreadtrum, FW, vivo, CMCC, Oppo, QC)

· IF amplifier

· IF ED

· Mixer

· LO/PLL

· IFED

· ZIF detection (Spreadtrum, vivo, E///, Oppo, QC)

· BB ED

· Mixer

· LO/PLL

· BB amplifier

· BB LPF

· Comparator or ADC

· Transmitter

· Backscatter modulator (RF switch for impedance switching)

· Reflection amplifier (Spreadtrum, E///, CMCC, FW, HW, TCL, vivo, CATT, Lenovo, Apple, QC, Samsung, IIT)

· Frequency shifter (HW, CMCC)

· PA (CU)

· RF BPF (HW)


5.6.1 RF-ED receiver 

5.6.1.1 Discussion (1st round)

FL Proposal 6.1.1: Study device 2a architecture w/ RF-ED receiver (in Figure 2) with following blocks.

· Antenna

· Matching network

· RF energy harvester (including rectifier w/ voltage multiplier, charge pump, etc)

· Energy storage

· PMU

· Digital BB logic (encoder, decoder, controller)

· Memory

· Clock generator

· Reflection amplifier can amplify both received signal and reflected backscattered signal.

· RF-ED Receiver

· FFS: RF BPF filter for improving selectivity.
· FFS: LNA for improving signal strength and sensitivity of receiver.
· RF envelop detector (RF-ED) detects envelop from RF signal.
· BB amplifier amplifies BB signal to improve signal strength.
· BB LPF can reject harmonics, interference, etc
· Comparator or multi-bit ADC

· Transmitter

· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics. Waveform/Modulation type is FFS.

· FFS: FDD Frequency shifter for shifting backscattered signal from one frequency (e.g., FDD-DL frequency) to another frequency (e.g., FDD-UL frequency). 

· FFS: PA for amplifying UL signal

· FFS: RF BPF
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Figure 6 Architecture for device 2a with RE-ED receiver
Please provide brief comments for FL Proposal 6.1.1.

	Company
	Comment
	FL comment

	Spreadtrum
	Agree with FL Proposal 6.1.1 in principle. 

While, we have two comments: 

1. For transmitters, the small scale FDD Frequency shifter (e.g., tens to hundreds kHz) can also be considered in Device 2a.

2. Regarding PA used in the transmitter, we doubt whether it can be used in Device 2a since it is a one-way component.
	Let’s clarify by using following terms.

Small FS: shift in the order of a few 100kHz or up to order of MHZ.

Large FS/FDD FS: shift in the order of tens of MHs

Small FS could be done inside BB logics. Or we could use separate block, if agreed.

	Xiaomi
	Similar to device1 in 5.3.1. We propose to modify the original proposal as follows:
FL Proposal 6.1.1: Study the following blocks for device 2a architecture w/ RF-ED receiver (in Figure 2).

· Antenna

· Matching network

· RF energy harvester (including rectifier w/ voltage multiplier, charge pump, etc)

· Energy storage

· PMU

· Digital BB logic (encoder, decoder, controller)

· Memory

· Clock generator

· Reflection amplifier can amplify both received signal and reflected backscattered signal.

· RF-ED Receiver

· FFS: RF BPF filter for improving selectivity.
· FFS: LNA for improving signal strength and sensitivity of receiver.
· RF envelop detector (RF-ED) detects envelop from RF signal.
· BB amplifier amplifies BB signal to improve signal strength.
· BB LPF can reject harmonics, interference, etc
· Comparator or multi-bit ADC

· Transmitter

· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics. Waveform/Modulation type is FFS.

· FFS: FDD Frequency shifter for shifting backscattered signal from one frequency (e.g., FDD-DL frequency) to another frequency (e.g., FDD-UL frequency). 

· FFS: PA for amplifying UL signal

· FFS: RF BPF

	okay

	CMCC
	In principle fine. With a few hundred uW, more than 1-bit ADC can be considered, which is similar to the discussion in LP-WUS.
	Updated to N-bit

	Samsung
	Generally okay with Figure 2. Similar comments as previously for device 1. We can abstract the backscatter modulator without the sub-figure. Also, the feasibility and the benefit of both BPF and LPF need to be further studied. 
	Updated figure
Keep FFS for BPF only



	Futurewei
	Fine with the proposal.
	

	OPPO
	RF BPF should be not optional. RF part should also have AMP(LNA)

For the backscattering, the Frequency shifter would be included in the diagram. (We can FFS whether the frequency offset is supportable)
	Let’s keep FFS RF BPF.
FFS LNA added 

	Apple
	Fine
	

	CEWiT
	Fine with the architecture for the downlink signal processing, however, need a clarification    on carrier wave signal processing.

1. As carrier wave is unmodulated signal, which doesn’t require any detection/ demodulation, how is this taken care in the given architecture?

2. Whether the received signal is signal from reader or the CWN, if it is from CWN then what is the need for amplifying the received signal?
	1. CW is modulated by information bits at tx modulator. Please check impedance switching/load modulation in RFID backscattering.
2. The design is always done considering worst-case scenario. 

	MediaTek
	Add FFS for BB amplifier and BB LPF to address the need for feasibility studies given the power constraints.
	Need to hear other companies input as well

	Nokia, NSB
	OK

Typo in the figure caption “RE-ED receiver”
	Fixed

	QC
	PA consumes too much power as mentioned by Spreadtrum. So, we expect that it is less likely. Recommend removing the corresponding bullet. 

RF BPF especially such as BAW or SAW filter cost is bit high to be used for very low cost device (<$1). Recommend removing from figure now and keep FFS in text.

In our understanding, small frequency shift (as typically done in RFID) could be still done by device 2a. Note that passive RFID tag can do the (small) frequency shift in the range around 250kHz. Device 2a should be potentially able to do better than that but it is not clear whether sum power considering reflection amplifier could make it still meet the requirement. Thus, we prefer to keep (large) FDD frequency shift as FFS.

Update to multi-bit ADC
	

	vivo
	Generally fine

For frequency shifter, image/mirror frequency is generated on the other side of the carrier wave, which may be outside operators’ spectrum. we are not sure, whether the interference at image/mirror frequency can be suppressed at AIoT device, especially considering the limited complexity, and large frequency error at AIoT device. RAN4 involvement may be needed on feasibility study.

For PA for amplifying UL signal, similar view as spredtrum, seems not applicable to backscatter device.
	

	IDCC
	Ok.
	

	Huawei, HiSilicon
	We generally agree with the architecture in Figure 2, except the RF BPF.
As commented in 5.3.1, the RF BPF may not be necessary considering the indoor deployment scenarios and target coverage for Rel-19 Ambient IoT. It is proposed that the RF BPF is not regarded as a basic block / component for Ambient IoT device.

Regarding the type of power amplifier potentially to be used for Device 2a, the introduction of RF and / or baseband amplifier depends on the detailed implementations of different device chip vendors. The RF amplifier for such low power device may also different from conventional LNA, especially considering the relaxed requirement on receiver sensitivity compared with outdoor scenarios. It is proposed to briefly describe the amplifier as “RF and / or baseband amplifier” instead of more detailed descriptions distinguishing LNA and BB amplifier.
	RF BPF will be more difficult than BB amp.

	Lenovo
	The main proposal is not clear. Does ‘study’ means analysing the power consumption of each block of the transceiver or the necessity of the blocks to reach a certain sensitivity and reflected power? Furthermore, reflection amplifier is part of the transmitter.
	The identified blocks and architecture could be starting point for further study of feasibility of such device.
Reflection amplifier could be also used for reception.

	ZTE, Sanechips
	To simplify the architecture, RF energy harvester, Energy storage, Power management unit can be considered as a function block, i.e., RF energy supply.

It needs to be decided whether to use LNA, BB amp or both in receiver.
	FFS LNA added.

	CATT
	Fine
	

	TCL
	We agree with CMCC’s comment, thanks. Furthermore, if PIE coding is considered for DL demodulation, LNA-free using passive LC resonant circuit may can achieve the amplifier function.
	PIE is not proposed by companies currently.

	
	
	


5.6.1.2 [High]Discussion (2nd round)
FL Proposal 6.1.2: Study device 2a architecture w/ RF-ED receiver with following blocks.

· Antenna

· Matching network

· RF energy harvester (including rectifier w/ voltage multiplier, charge pump, etc)

· Energy storage

· PMU

· Digital BB logic (encoder, decoder, controller)

· Memory

· Clock generator

· FFS: Reflection amplifier can amplify both received signal and reflected backscattered signal.

· RF-ED Receiver

· FFS: RF BPF filter for improving selectivity.
· FFS: LNA for improving signal strength and sensitivity of receiver.
· RF envelop detector (RF-ED) detects envelop from RF signal.
· BB amplifier amplifies BB signal to improve signal strength.
· BB LPF can reject harmonics, interference, etc
· Comparator or multi-bit ADC

· Transmitter

· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics. Waveform/Modulation type is FFS.

· Frequency Shifter

· Small Frequency shift (e.g., tens of kHz [to up to a few MHz]) for shifting backscattered signal to avoid CW interference.
· FFS: FDD 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).
· FFS: PA for amplifying UL signal

· FFS: RF BPF
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Figure 7 Architecture for device 2a with RF-ED receiver
FL Proposal 6.1.2 is the outcome of offline discussion.

Please provide any additional comments for FL Proposal 6.1.2. (Please do not repeat the same comment as 1st round.)

	Company
	Comment

	
	


5.6.2 IF-ED Receiver

5.6.2.1 Discussion (1st round)

FL Proposal 6.2.1: Study device 2a architecture w/ IF-ED receiver (in Figure 3) with following blocks.

· Antenna

· Matching network

· RF energy harvester (including rectifier w/ voltage multiplier, charge pump, etc)

· Energy storage

· PMU

· Digital BB logic (encoder, decoder, controller)

· Memory

· Clock generator

· Reflection amplifier can amplify both received signal and reflected backscattered signal.

· IF-ED Receiver

· FFS: RF BPF filter for improving selectivity.
· FFS: LNA for improving signal strength and sensitivity of receiver.
· LO/PLL

· Mixer down converts RF signal to IF.
· IF amplifier

· IF envelop detector (IF-ED) detects envelop from IF signal.
· BB amplifier amplifies BB signal to improve signal strength.
· BB LPF can reject harmonics, interference, etc
· Comparator or multi-bit ADC

· Transmitter

· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics. Waveform/Modulation type is FFS.

· FFS: FDD Frequency shifter for shifting backscattered signal from one frequency (e.g., FDD-DL frequency) to another frequency (e.g., FDD-UL frequency). 

· FFS: PA for amplifying UL signal

· FFS: RF BPF
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Figure 8 Architecture for device 2a with IF-ED receiver

Please provide brief comments for FL Proposal 6.2.1

	Company
	Comment
	FL comment

	Spreadtrum
	Same comments as 6.1.1.
	

	Xiaomi 
	Similar to device1 in 5.3.1. We propose to modify the original proposal as follows:
FL Proposal 6.2.1: Study the following blocks for device 2a architecture w/ IF-ED receiver (in Figure 3).

· Antenna

· Matching network

· RF energy harvester (including rectifier w/ voltage multiplier, charge pump, etc)

· Energy storage

· PMU

· Digital BB logic (encoder, decoder, controller)

· Memory

· Clock generator

· Reflection amplifier can amplify both received signal and reflected backscattered signal.

· IF-ED Receiver

· FFS: RF BPF filter for improving selectivity.
· FFS: LNA for improving signal strength and sensitivity of receiver.
· LO/PLL

· Mixer down converts RF signal to IF.
· IF amplifier

· IF envelop detector (IF-ED) detects envelop from IF signal.
· BB amplifier amplifies BB signal to improve signal strength.
· BB LPF can reject harmonics, interference, etc
· Comparator or multi-bit ADC

· Transmitter

· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics. Waveform/Modulation type is FFS.

· FFS: FDD Frequency shifter for shifting backscattered signal from one frequency (e.g., FDD-DL frequency) to another frequency (e.g., FDD-UL frequency). 

· FFS: PA for amplifying UL signal

· FFS: RF BPF

	okay

	CMCC
	We think PLL and FLL may not be needed considering its higher power consumption. Also, if OOK is used for uplink, no phase and frequency locking is needed. 
	To generate IF, either clock w/ high frequency (GHz) or low speed clock (MHz) and PLL are required.

To study low power PLL/FLL.

	Samsung
	Fine to study but this IF-ED does not appeal much given the LO requirement for RX. If TX is active and thus LO is anyway required, it can be considered to be reused for RX but having LO just for RX doesn’t motivate well. Thus this architecture may be deprioritized. 
	

	Futurewei
	Fine.
	

	OPPO
	Same comments as that for FR-ED receiver
	

	MediaTek
	With the inclusion of PLL or FLL, the power consumption target may not be met.
	To study low power  PLL/FLL.

	Nokia, NSB
	OK
	

	QC
	Agree with proposal. LNA power consumption could be high compared to power budget of device 2a. Keep FFS for LNA. 

Update to multi-bit ADC
	done

	vivo
	Agree with CMCC that, PLL is not needed, the mixer may be a ring oscillator without frequency、phase locking, according to discussion in LP-WUS receiver architecture.

Besides, same comments on FDD Frequency shifter and PA as that for RF-ED receiver.
	Put [] around PLL/FLL.
To study low power  PLL/FLL.

	Huawei, HiSilicon
	We generally agree with the architecture in Figure 3, except the RF BPF.
The comments on RF BPF and RF / BB amplifier can refer to ours in 5.6.1.1.

Besides, BPF can be more suitable than LPF for the filtering of IF signal. It is suggested that the “IF amp & LPF” can be revised as “IF amp & BPF” in Figure 3.

Assumption on the bit-width of ADC should be removed.
	

	Lenovo
	Same comment as proposal 6.1.1
	

	CATT
	Share the similar view with CMCC that PLL may not be needed.
	To study low power  PLL/FLL.

	Wiliot
	As both device type 1 and 2 are targeting similar use cases, there is no real requirement for higher capability receiver at the AIoT – regardless of transmitter type. The tag does not download data, just responds to commands.

Since 5.6.1 already defines RF-ED receiver with <<1uW consumption to be used for longer times than tag transmission times, we see no reason to define higher consumption receiver in addition.

We suggest removing subsections 5.6.2 + 5.6.3 from 9.4.1.2.
	


5.6.2.2 Discussion (2nd round)
FL Proposal 6.2.2: Study the following blocks for device 2a architecture w/ IF-ED receiver .

· Antenna

· Matching network

· RF energy harvester (including rectifier w/ voltage multiplier, charge pump, etc)

· Energy storage

· PMU

· Digital BB logic (encoder, decoder, controller)

· Memory

· Clock generator

· FFS Reflection amplifier can amplify both received signal and reflected backscattered signal.

· IF-ED Receiver

· FFS: RF BPF filter for improving selectivity.
· FFS: LNA for improving signal strength and sensitivity of receiver.
· LO/[PLL/FLL]
· Mixer down converts RF signal to IF.
· IF amplifier & BPF
· IF envelop detector (IF-ED) detects envelop from IF signal.
· BB amplifier amplifies BB signal to improve signal strength.
· BB LPF can reject harmonics, interference, etc
· Comparator or multi-bit ADC

· Transmitter

· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics. Waveform/Modulation type is FFS.

· Frequency Shifter

· Small Frequency shift (e.g., tens of kHz [to up to a few MHz]) for shifting backscattered signal to avoid CW interference.
· FFS: FDD 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).
· FFS: PA for amplifying UL signal

· FFS: RF BPF
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Figure 9 Architecture for device 2a with IF-ED receiver
FL Proposal 6.2.2 is the outcome of offline discussion.

Please provide any additional comments for FL Proposal 6.1.2. (Please do not repeat the same comment as 1st round.)

	Company
	Comment

	
	


5.6.3 ZIF Receiver

5.6.3.1 Discussion (1st round)

FL Proposal 6.3.1: Study device 2a architecture with ZIF receiver (in Figure 4) with following blocks.

· Antenna

· Matching network

· RF energy harvester (including rectifier w/ voltage multiplier, charge pump, etc)

· Energy storage

· PMU

· Digital BB logic (encoder, decoder, controller)

· Memory

· Clock generator

· Reflection amplifier can amplify both received signal and reflected backscattered signal.

· ZIF receiver

· FFS: RF BPF filter for improving selectivity.
· FFS: LNA for improving signal strength and sensitivity of receiver.
· LO/PLL

· Mixer down converts RF signal to DC
· BB LPF

· Comparator or multi-bit ADC

· Transmitter

· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics. Waveform/Modulation type is FFS.

· FFS: FDD Frequency shifter for shifting backscattered signal from one frequency (e.g., FDD-DL frequency) to another frequency (e.g., FDD-UL frequency). 

· FFS: PA for amplifying UL signal

· FFS: RF BPF
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Figure 10 Architecture for device 2b with ZIF receiver

Please provide brief comments for FL Proposal 6.3.1

	Company
	Comment

	Spreadtrum
	Same comments as 6.1.1.

	Xiaomi 
	Similar to device1 in 5.3.1. We propose to modify the original proposal as follows:
FL Proposal 6.3.1: Study the following blocks for device 2a architecture with ZIF receiver (in Figure 4).

· Antenna

· Matching network

· RF energy harvester (including rectifier w/ voltage multiplier, charge pump, etc)

· Energy storage

· PMU

· Digital BB logic (encoder, decoder, controller)

· Memory

· Clock generator

· Reflection amplifier can amplify both received signal and reflected backscattered signal.

· ZIF receiver

· FFS: RF BPF filter for improving selectivity.
· FFS: LNA for improving signal strength and sensitivity of receiver.
· LO/PLL

· Mixer down converts RF signal to DC
· BB LPF

· Comparator or multi-bit ADC

· Transmitter

· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics. Waveform/Modulation type is FFS.

· FFS: FDD Frequency shifter for shifting backscattered signal from one frequency (e.g., FDD-DL frequency) to another frequency (e.g., FDD-UL frequency). 

· FFS: PA for amplifying UL signal



	CMCC
	We think PLL and FLL may not be needed considering its higher power consumption. Also, if OOK is used for uplink, no phase and frequency locking is needed. 

	Samsung
	The same comment as before for IF-ED architecture. This may be deprioritized. 

	Futurewei
	A minor correction to the figure:

Figure 4 Architecture for device 2ba with ZIF receiver

	OPPO
	Same comments as that for FR-ED receiver

	MediaTek
	With the inclusion of PLL or FLL, the power consumption target may not be met.

	Nokia, NSB
	OK

	QC
	Agree with Proposal. Keep FFS for RF BPF and LNA.

Update to multi-bit ADC

	vivo
	Same comments on PLL, FDD Frequency shifter and PA as that for IF-ED receiver.

	Huawei, HiSilicon
	We generally agree with the architecture in Figure 4, except the RF BPF.

The comments on the RF BPF and RF / BB amplifier can see ours in 5.6.1.1.

Assumption on the bit-width of ADC should be removed.

	Lenovo
	Same comment as for proposal 6.1.1

	Wiliot
	As both device type 1 and 2 are targeting similar use cases, there is no real requirement for higher capability receiver at the AIoT – regardless of transmitter type. The tag does not download data, just responds to commands.

Since 5.6.1 already defines RF-ED receiver with <<1uW consumption to be used for longer times than tag transmission times, we see no reason to define higher consumption receiver in addition.

We suggest removing subsections 5.6.2 + 5.6.3 from 9.4.1.2.


5.6.3.2 Discussion (2nd round)

FL Proposal 6.3.2: Study the following blocks for device 2a architecture with ZIF receiver .

· Antenna

· Matching network

· RF energy harvester (including rectifier w/ voltage multiplier, charge pump, etc)

· Energy storage

· PMU

· Digital BB logic (encoder, decoder, controller)

· Memory

· Clock generator

· FFS Reflection amplifier can amplify both received signal and reflected backscattered signal.

· ZIF receiver

· FFS: RF BPF filter for improving selectivity.
· FFS: LNA for improving signal strength and sensitivity of receiver.
· LO/PLL

· Mixer down converts RF signal to DC
· BB LPF

· Comparator or multi-bit ADC

· Transmitter

· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics. Waveform/Modulation type is FFS.

· FFS: FDD Frequency shifter for shifting backscattered signal from one frequency (e.g., FDD-DL frequency) to another frequency (e.g., FDD-UL frequency). 

· FFS: PA for amplifying UL signal
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Figure 11 Architecture for device 2a with ZIF receiver

5.6.4 Related Tdoc Proposals

5.6.4.1 Diagrams for Device Arch.

[Spreadtrum] 
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[HW]
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[vivo] 
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[CMCC] 
[image: image44.png]Figure 2A. Tllustration of Device 2A components (backscatter)

Ambient Energy Harvesting fef Capacitor *
B I
£ RFenvelope || po ol e | ADor |
s detection » comparator Digial B [ RAM
2 processing
% Sampling ||
£ Clock.
il Frequency
- shifter, c.g., [ EPROM **
Impedance modulation & I | hund;ed\
Amplifier KHz~ 1
MHz




[image: image45.png]Figure 2B. Illustration of Device 2B components

Ambient Energy Harvesting ol Capacitor *
1 1 1 1 i
£ o
g RF LNA Mixer IFBPE& | | Envelope | [ ADor Correlator
4 Amplifier detection comparator kol RAM
e T
z
g Lo Sampling Digital BB
H ¥ Clock processing
B - i
el EPROM **
FDD Frequency shifir, Modulation &
e tens of MHz Amplifier

Table 2B. Device 2B characteristics





[CATT] 
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[ZTE]
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[Samsung]

Proposal 7: Prioritize a receiver architecture based on RF envelop detector over IF or BB envelop detector. Prioritize a transmitter architecture based on backscattering over active transmission. 

[image: image48.png]DL/CW
e Antenna
Energy Storage

Backscattering signal Either RF or BB amplification & power mgmt

‘ —— <

Energy harvesting module

5 Comp.
g /ADC
Digital
.. Freq. shifter may Baseband
not be needed
Memory

| Modulator

M|
QI _imp matching)

Comm. sub-system
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[CU]

Proposal 2：The architecture of device type 2 includes energy supply module, LNA, PA, RF envelope detector, comparator, modulator, decoder/encoder, controller and memory.
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[IIT]

Proposal 2: Device Type 2-A architecture has envelope detection based receiver and AM modulation based backscattering along with amplification capabilities:
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[QC]
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5.6.4.2 Diagrams for Radio Arch.

[Spreadtrum]

Proposal 10: The LP-WUR could be the baseline for the receiver of the Ambient IoT device with a few hundred µW power consumption.

Proposal 11: further study the IF ED LP-WUR architecture whether can be used in ambient IoT device with few hundred µW power consumption.

[Ericsson]

Proposal 3 Study homodyne Rx architectures for OOK and FSK for passive device with amplification (Device B).

Proposal 4 Study Tx architecture in Figure 5 for passive devices with amplification (Device B).
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[FW]

Proposal 5: Leverage LP-WUS/WUR study and adopt the demodulator architecture in Figure 7 as reference for evaluation and analysis of high-power Ambient IoT devices.
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Figure 7: Reference receiver architecture diagram for high-power A-IoT device.
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[HW]

Proposal 12: The study item assumes backscatter modulation as the baseline for Ambient IoT uplink.
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[TCL]
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[CATT]
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Figure 5: The illustration of A-ToT device backscattering architecture




[image: image59.png]%

PA

=

Figure

Controller —l
DA Modulator & | Memory
coder

The illustration of A-IoT device transmitter architecture





[Oppo]

Proposal 5: All 3 receiver types are supported for Device ii: RF envelope detector (w/o LO), Heterodyne RX, or homodyne RX. The Device explicitly listed as ~500µW for peak power consumption. 100 ppm for the initial sampling frequency offset is assumed when LO is present.
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[Sony]

Proposal 2: Study the potential of using LP-WUR architectures from the LP-WUS study as the receiver architecture for device type ii.

[Lenovo]
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[Apple]

Proposal 1: For low-complexity backscattering device, following architecture could be considered as a baseline assumption for this study:
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5.7 Device 2a: Reflection Amplification

For device 2a, at least 13 companies have provided input on reflection amplifier.

· Amplification gain (dB): two companies provided amplification gain or its range.

· Direction: Many of companies in their diagram have additional LNA in receiver in addition to reflection amplifier block in transmitter chain. This indicates they assumed that reflection amplifier is only for transmitted. This needs to be studied and clarified since [28] reports that a single reflection amplifier could be used for both reception and backscattering. Depending on this, LNA might not be necessary to consider.

	Reflection amplifier in dev arch/radio diagram: Spreadtrum, E///, CMCC, FW, HW, TCL, vivo, CATT, Lenovo, Apple, QC, Samsung, IIT

Power gain of reflection amplifier

· >10dB: HW

· 10-15dB: vivo


5.7.1 Discussion (1st round)

FL Proposal 7.1: Further study the feasibility of reflection amplifier in terms of feasible amplification gain, its applicability to reception and/or backscattering, power consumption, etc.

· Companies are encouraged to provide related assumptions, references, etc, if any.

Please provide brief comments for FL Proposal 7.1.

	Company
	Comment

	Spreadtrum
	The amplifier gain should take the coverage target and input power into account.

	Xiaomi
	Fine

	Samsung
	Agree with FL proposal

	OPPO
	OK

	Nokia, NSB
	OK

	QC
	Agree to Proposal. Further study the feasibility of it. We see two sets of results.

· [29]

 REF _Ref159018203 \r \h [30]

 REF _Ref159018290 \r \h [31] : 900MHz, hundreds of uW, min rx power = {-45, -20, -30}dBm

· [31]

 REF _Ref159018240 \r \h [32]

 REF _Ref159018260 \r \h [33]: 5.8GHz, tens of uW, min rx power = {-90, -84}dBm

The first set of results are more relevant to A-IoT (in licensed 900MHz band). But, min received power level is a bit higher, which is already similar device 1’s receiver sensitivity level.

The second set of results has better power and lower min rx power, however, it is 5.8GHz results, which is not directly applicable to <1GHz. 

Although many companies mention this, it would be good to be do careful study before RAN1 make any conclusion on its feasibility.

	vivo
	support

	IDCC
	Ok.

	Ericsson
	We are fine with the proposal, but we think stability vs gain trade off of the reflection amplifier can also be looked into.

	Huawei, HiSilicon
	According to the related researches, the power gain of reflection amplifier can exceed 10 dB with power consumptions at 10 uW level of a few 100 uW. It is proposed to use power gain no lower than 10 dB for reflection amplifier in the link budget calculation. The detailed number can be reported by companies.

The proposal seems not fully compatible with the architecture diagrams that include amplifier. Rather, it should be e.g.

Further study feasible amplification gain for reflection amplifier, including power consumption, etc. 



	Lenovo
	Fine with the proposal

	CATT
	Okay

	TCL
	Agree with FL proposal

	Wiliot
	Feasibility of simple massive production of reflection amplifier for AIoT devices should be taken into account. Study should target active gains of no more than 10dB.  


5.7.2 Related Tdoc Proposals

[HW]

Proposal 5: Considering harmonized design for Ambient IoT device with both ~1 µW and ≤a few 100 µW power consumption, the introduction of additional blocks for power amplification and / or frequency conversion is expected to have no impact on the Ambient IoT air interface.

Proposal 14: For Ambient IoT device with ≤a few 100 µW peak power consumption, the power gain of reflection amplifier is assumed to be no less than 10 dB.

[TCL]

Observation 3: Reflection sensitivity is not same as demodulation sensitivity, and the reflection sensitivity is decided by modulation architecture design, and the demodulation sensitivity is decided by demodulation architecture design.

Proposal 8: Study on the impact reflection amplifier on RAN1 and RAN4, including UL coverage evaluation/power control/interference handling in RAN1, and RF emission at tag in RAN4. 

[vivo]

Proposal 3: Power gain on reflection amplifier can be [10-15 dB].

[QC]

Proposal 10: Further study the feasibility of reflection amplifier for device 2a in terms of power consumption, amplification gain, frequency, sensitivity, etc.

[vivo]

Observation 4: When reflection amplifier is based on transistor or tunnel diode, the power consumption can be satisfied with design target of device 2B.

[Oppo]

Proposal 6: Receiver of Device ii with backscattering can introduce 1 or 2 level of LNA for enhancing the sensitivity. The overall signal amplification can be considered as 15~20dB.

5.8 Device 2a: Frequency Shift / SSB

There were views on FDD frequency shifter for frequency shifting of backscatter signal from FDD-DL frequency to FDD-UL frequency, or vice versa. Three companies suggest supporting FDD frequency shifter, and two companies suggest not to support frequency shifter.

One of related issue is the generation of double side band (DSB) signals (or image) from frequency shifter. One side is shifted to target frequency, but the other side moves to the other direction which could potentially fall in different frequency/channel generating interference. Thus, whether device can suppress one side band (or image) of shifted signal (i.e., SSB signal or image rejection) needs to be further studied as part of feasibility study on FDD frequency shift.

	Support FS (Spreadtrum, CMCC, HW)

Do not support FS shifter (vivo, Samsung)

Study SSB backscatter (TCL, QC)


5.8.1 Discussion (1st round)

FL Proposal 8.1: Further study the feasibility of frequency shift for device 1 and 2a in terms of complexity, power consumption, SSB signal generation (or filtering of image), etc.

Please provide comments for FL Proposal 8.1.

	Company
	Comment

	Spreadtrum
	Both the small scale frequency shift (e.g., tens to hundred kHz) and the large scale frequency shift (several to tens MHz) should be taken into account.

	Xiaomi
	Frequency shift is an effective way to avoid collisions in the frequency domain. We are fine to further discuss it. 

	CMCC
	A simple implementation of the FDD UL-DL shifting is to mix a tens MHz signal from oscillator. Which could be similar to the previous proposed IF/ZF device 2 arch. Further discussion of how to perform image suppression may be needed to avoid higher complexity.

	Samsung
	As a first step, we first need to set the target frequency shift amount, i.e., duplex gap, that needs to be achieved by A-IoT devices considering target spectrum. Nonetheless, as already captured by FL summary, we question the feasibility of FS in terms of power consumption, feasibility, and accuracy of frequency conversion. 

	Futurewei
	A minor wording suggestion:

FL Proposal 8.1: Further study the feasibility of frequency shift (including FDD frequency shift) for device 1 and 2a in terms of complexity, power consumption, SSB signal generation (or filtering of image), etc.

	OPPO
	Frequency shift for FDD DL->UL is not feasible for device 1, this can only be considered for 2a.

Frequency shift for FDM can be considered for both.

	Apple
	Similar view as Oppo

	Philips
	We support feasibility study of frequency shift for device 1 and 2a.

	CEWiT
	In our views, this feature should be considered based on the complexity and the power consumption limitation of the device types. As device 1 is very simple and low power consumption device, therefore, we are fine to study the frequency shit only for device 2a.

	MediaTek
	Depending on the scale. If it is small scale of frequency shift e.g., tens to hundred kHz, we can study for both devices. If it is a larger scale, e.g., several to tens MHz, it is unclear whether it is needed and feasible for device 1.

	Nokia, NSB
	OK in principle

For frequency shift, should distinguish between small frequency shift (less than duplex distance) and large frequency shift

	QC
	Agree. Further study its feasibility in terms of image suppression, power, complexity, etc. 

	vivo
	Frequency shifter (shift of tens of MHz) is only applicable to device 2. Besides, whether the image can be suppressed should be carefully studied considering spurious requirements and RAN4 involvement may be needed.

	IDCC
	Ok.

	Ericsson
	Fine with the proposal.

	Huawei, HiSilicon
	Note we included a frequency shifter as a general explanation, based on previous discussions, but in fact the issue needs some consideration of the real practicality in our view.

For Device 1, it is impractical to implement frequency shifting of several 10 MHz with ~1 uW power consumption. FDD frequency shifting should not be considered for Device 1.

For Device 2a, based on the corresponding investigation, the solution for the image interference suppression of FDD frequency shifter is unclear currently. Considering reflection amplifier is probably used for Device 2a, the image interference issue can be even more complicated. Consequently, there is concern on the feasibility of FDD frequency shifter satisfying a certain requirements on out-of-band emission.

	Lenovo
	Support frequency shift and study device capability in terms of maximum possible shift.

	LGE
	We support this proposal. Agee with previous comments that differentiation b/w a larger band-level frequency shift and a small frequency shift is needed.

	ZTE, Sanechips
	OK to study. From our understanding, for device 1, it is not feasible to do the frequency shift due to the low complexity and low power consumption. 

	CATT
	Fine in principle

	TCL
	We think a few tens~hundreds frequency shifting can be easily achieved by load switching with low power consumption, like <1uW. Several to tens MHz should be further considered if extra components like frequency shifter (e.g., ring oscillator)is considered

	Wiliot
	Frequency shift is required for using the same AIoT device on multiple networks and countries, as required by CPR-7.1.3-4 in TR. 22.840, and allowing market adoption.

Study feasibility of SSB is not clear and can be FFS.  


5.8.2 Related Tdoc Proposals


[Spreadtrum] 
Proposal 12: Frequency shifting should be supported in ambient IoT.
[vivo] 
Observation 1: Frequency shifter may not be a good component of AIoT devices due to additional power consumption and mirror frequency. 

[TCL]

Proposal 10: Study on sideband suppression circuit and consider the impact of mirror interference on RAN1 and RAN4.

[Samsung] 

Proposal 1: Prioritize provisioning CW signal directly at the backscattering frequency, which eliminates the need for a frequency shifter. Further study regulations and coexistence/compatibility issues.

Proposal 3: Strive for harmonized and unified system designs for Type-1 and Type-2 backscatter devices, without requiring a FDD frequency shifter.

[QC]

Proposal 7: Further study the feasibility of single side band (SSB) BL for device 2a in terms of power and complexity.

Proposal 8: RAN1 to study the feasibility of large frequency shift from the perspectives of power, complexity, interference, etc.

Proposal 9: RAN1 to study feasibility of BL FDM across multiple devices from the perspectives of power, complexity, interference, etc.

5.9 Device 2a: Receive Sensitivity

A few companies have provided views on the receiver sensitivity of device 2.

	-46dBm for device 2 with RF-ED receiver: HW

-90dBm for device 2: Apple


5.9.1 Discussion (1st round)

FL Proposal 10.1: Companies to report receiver sensitivity for device 2a with different receiver types.

Please provide brief comments for FL Proposal 9.1.

	Company
	Comment

	Xiaomi 
	This is related to the evaluation method and needs further check. Maybe we can discuss it after we confirm the evaluation method.

	CMCC
	For device 2 with hundreds uW, in principle LNA can be used to improve the downlink receiver sensitivity to as lower as possible until it is lower than the noise limitation. However, a single level LNA which results in about 10-20 dB gain would be more in practical with less than 100uW power consumption. 
So we can consider the device 2a is 10-20dB better receiver sensitivity than device 1.

	QC
	Agree to proposal. Companies to report sensitivity values for device 2a. The sensitivity value better to reflect the choice of receiver architecture.

	vivo
	For device 2a, the receiver sensitivity is derived based in LLS, rather than a certain activation threshold. Hence, it can be evaluated in AI9.4.1.1.

	Ericsson
	Similar comment as for Device 1 – Isn’t this something that should be considered in AI 9.4.1.1?

	Huawei, HiSilicon
	FL should clarify how this is related to architecture of device, rather than link budget. It seems a proposal belonging to other agenda items. 
It is proposed to assume the receiver sensitivity of Device 2a no higher than -46 dBm in the link budget calculation. The detailed value can be reported by companies.

	Lenovo
	Agree with Xiaomi suggestion

	ZTE, Sanechips
	Due to larger energy storage and diverse energy sources, the activation threshold may not be required for device 2a.

The sensitivity of signal detection needs to be derived based on LLS results.

	TCL
	We have similar opinion with CMCC

	Wiliot
	We recommend using the same ultra-low power RFED receiver for all devices.


5.9.2 Related Tdoc Proposals


[HW]

Proposal 11: For Ambient IoT device with a few 100 µW peak power consumption, the receiver sensitivity of RF envelope detector with power amplifier is assumed to be no higher than -46 dBm.

[TCL]

Observation 3: Reflection sensitivity is not same as demodulation sensitivity, and the reflection sensitivity is decided by modulation architecture design, and the demodulation sensitivity is decided by demodulation architecture design.

[Apple]

Observation 12: For the higher- category device few hundreds of µW of peak power consumption), more complex receiver architecture are possible with higher power consumption, but with better receiver sensitivity in the range of -90dBm

5.10 Device 2b: Architecture

Companies have provided input for device 2b (a few 100uW w/ active signal generation). Parts other than transmitter are the same as that of device 2a. Thus, in this section, only transmitter is discussed. Most of transmitter architecture is mixer-based architecture. There are 6 companies who included PA in transmitter and two companies considering Tx RF BPF.

	Device architecture for device 2b

· Parts other than transmitter are similar to that of device 2a.

· Transmitter

· Mixer based (Nokia, CATT, QC, Lenovo, Oppo, E///)

· Modulator

· DAC

· Mixer

· LO/PLL

· PA (Spreadtrum, HW, vivo, Nokia, CATT, ZTE)

· RF BPF (ZTE, HW)


5.10.1 RF-ED Receiver

5.10.1.1 Discussion (1st round)

FL Proposal 10.1.1: Study device 2b architecture w/ RF-ED receiver (in Figure 5) with following blocks.

· Parts other than transmitter are similar to that of device 2a with RF-ED receiver.

· Transmitter

· Modulator

· DAC

· Mixer

· LO/PLL

· FFS: PA 

· FFS: RF BPF
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Figure 12 Architecture for Device 2b with RF-ED receiver

Please provide brief comments for FL Proposal 10.1.1.

	Company
	Comment
	FL comment

	Spreadtrum 
	Fine with FL Proposal.
	

	Xiaomi 
	Similar to device1 in 5.3.1. We propose to modify the original proposal as follows:
FL Proposal 10.1.1: Study the following blocks for device 2b architecture w/ RF-ED receiver (in Figure 5).

· Parts other than transmitter are similar to that of device 2a with RF-ED receiver.

· Transmitter

· Modulator

· DAC

· Mixer

· LO/PLL

· FFS: PA 

· FFS: RF BPF


	

	Samsung
	In high level, we support to study this architecture. The same comments on BFP vs LPF as before. 
	

	OPPO
	Similar comments as for Device 2a on receiver chain part.
	

	CEWiT
	Support
	

	MediaTek
	Okay, but add FFS: FDD Frequency shifter for shifting signal from one frequency (e.g., FDD-DL frequency) to another frequency (e.g., FDD-UL frequency).
	There is no frequency shifter here.

	Nokia, NSB
	OK
	

	QC 
	We think that it would be less likely to have PA in this diagram. RAN1 needs to further study feasibility of low power PA for IoT use cases. Update 1 bit ADC to multi-bit ADC.
	

	vivo
	Open to study, but not sure of whether the coverage of DL and UL is extremely unbalanced if DL is still based on the same receiver architecture as 1uw device, while UL is based on active transmission.
	It depends on UL tx power (which is limited by power consumption, and efficiency), and DL sensitivity of RF-ED receiver.

	IDCC
	Ok.
	

	Huawei, HiSilicon
	We are generally OK with the architecture in Figure 5, with the same comments on RF BPF and LNA / BB amplifier in 5.6.1.1.
	

	Lenovo
	Same comment as proposal 6.1.1
	

	CATT 
	Okay
	


5.10.1.2 [High]Discussion (2nd round)

FL Proposal 10.1.2: Study the following blocks for device 2b architecture w/ RF-ED receiver .

· Parts other than transmitter are similar to that of device 2a with RF-ED receiver.

· Transmitter

· Modulator

· DAC

· Mixer

· LO/PLL

· FFS: PA 

· FFS: RF BPF
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Please provide brief comments for FL Proposal 10.1.2. 

	Company
	Comment

	
	

	
	


5.10.2 IF-ED Receiver

5.10.2.1 Discussion (1st round)

FL Proposal 10.2.1: Study device 2b architecture w/ IF-ED receiver (in Figure 6) with following blocks.

· Parts other than transmitter are similar to that of device 2a with IF-ED receiver.

· Transmitter

· Modulator

· DAC

· Mixer

· LO/PLL

· FFS: PA 

· FFS: RF BPF
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Figure 13 Architecture for device 2b with IF-ED receiver

Please provide brief comments for FL Proposal 10.2.1.

	Company
	Comment

	Spreadtrum
	Fine with FL Proposal.

	Xiaomi 
	Similar to device1 in 5.3.1. We propose to modify the original proposal as follows:
FL Proposal 10.2.1: Study the following blocks for device 2b architecture w/ IF-ED receiver (in Figure 6).

· Parts other than transmitter are similar to that of device 2a with IF-ED receiver.

· Transmitter

· Modulator

· DAC

· Mixer

· LO/PLL

· FFS: PA 

· FFS: RF BPF



	Samsung
	In high level, this architecture can be studied. For this, we first need to set up a target power consumption requirement for device 2b and need to assess the whether this IF-ED architecture can meet the power consumption requirement or not.   

	OPPO
	Similar comments as for Device 2a on receiver chain part.

Furthermore, in the diagram separate LO is used for RX and TX chain, but in our view a single LO for both is more preferable considering the power consumption and cost of LO.

	CEWiT
	Support

	MediaTek
	More constraints are needed. Otherwise, it may not be with the power consumption target (< 1mW).

	Nokia, NSB
	OK

	QC
	Agree with proposal. Update 1bit ADC to multi-bit ADC.

	vivo
	Agree with OPPO.

Besides, PLL is not needed.

	Huawei, HiSilicon
	We are generally OK with the architecture in Figure 6, with the same comments on RF BPF, LNA / BB amplifier, and IF map & LPF in 5.6.2.1.

	CATT
	Fine in principle. PLL may not be needed.


5.10.2.2 Discussion (2nd round)

FL Proposal 10.2.2: Study the following blocks for device 2b architecture w/ IF-ED receiver (in Figure 6).

· Parts other than transmitter are similar to that of device 2a with IF-ED receiver.

· Transmitter

· Modulator

· DAC

· Mixer

· LO/PLL

· FFS: PA 

· FFS: RF BPF
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Please provide brief comments for FL Proposal 10.2.2. 

	Company
	Comment

	
	

	
	


5.10.3 ZIF Receiver

5.10.3.1 Discussion (1st round)

FL Proposal 10.3.1: Study device 2b architecture w/ ZIF receiver (in Figure 7) with following blocks.

· Parts other than transmitter are similar to that of device 2a with ZIF receiver.

· Transmitter

· Modulator

· DAC

· Mixer

· LO/PLL

· FFS: PA 

· FFS: RF BPF
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Figure 14 Architecture for device 2b with ZIF receiver
Please provide brief comments for FL Proposal 10.3.1.

	Company
	Comment

	Spreadtrum
	Fine with FL Proposal.

	Xiaomi 
	Similar to device1 in 5.3.1. We propose to modify the original proposal as follows:
FL Proposal 10.3.1: Study the following blocks for device 2b architecture w/ ZIF receiver (in Figure 7).

· Parts other than transmitter are similar to that of device 2a with ZIF receiver.

· Transmitter

· Modulator

· DAC

· Mixer

· LO/PLL

· FFS: PA 

· FFS: RF BPF



	Samsung
	In high level, this architecture can be studied. For this, we first need to set up a target power consumption requirement for device 2b and need to assess the whether this IF-ED architecture can meet the power consumption requirement or not.   

	OPPO
	Similar comments as for Device 2a on receiver chain part.

	MediaTek
	More constraints are needed. Otherwise, it may not be with the power consumption target (< 1mW).

	Nokia, NSB
	OK

	QC
	Agreed. Update 1bit ADC to multi-bit ADC.

	IDCC
	Ok.

	Huawei
, HiSilicon
	We are generally OK with the architecture in Figure 7, with the same comments on RF BPF and LNA / BB amplifier in 5.6.1.1.

	ZTE, Sanechips
	For comparator and 1bit ADC block, we can further discuss whether multiple bits ADC could be introduced

Whether coherent detection is also considered in BB logic for this architecture?

	CATT
	Fine in principle. PLL may not be needed.


5.10.3.2 Discussion (2nd round)

FL Proposal 10.3.2: Study the following blocks for device 2b architecture w/ ZIF receiver (in Figure 7).

· Parts other than transmitter are similar to that of device 2a with ZIF receiver.

· Transmitter

· Modulator

· DAC

· Mixer

· LO/PLL

· FFS: PA 

· FFS: RF BPF
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Please provide brief comments for FL Proposal 10.2.2. 

	Company
	Comment

	
	

	
	


5.10.4 Related Tdoc Proposals

5.10.4.1 Diagrams for Device Architecture

[Spreadtrum]
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[HW]
Proposal 7: The study item assumes RF Envelope detection as the baseline for Ambient IoT downlink.
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[vivo]
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[Nokia]
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[CATT]
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[ZTE]
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[Samsung]
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[IIT]

Proposal 3: Device Type 2-B architecture has active heterodyne transceiver with signal generation capabilities:
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[QC]
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5.10.4.2 Diagrams for Radio Architecture

[FW]
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[HW]
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[Ericsson] 
Proposal 6 Study homodyne Rx architectures for OOK and FSK for active device with amplification (C-).

Proposal 4 Study Tx architecture in Figure 5 for passive devices with amplification (Device B).
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[Oppo]

Proposal 5: All 3 receiver types are supported for Device ii: RF envelope detector (w/o LO), Heterodyne RX, or homodyne RX. The Device explicitly listed as ~500µW for peak power consumption. 100 ppm for the initial sampling frequency offset is assumed when LO is present.
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[Samsung]

Proposal 7: Prioritize a receiver architecture based on RF envelop detector over IF or BB envelop detector. Prioritize a transmitter architecture based on backscattering over active transmission.  

[Sony]

Proposal 4: The DL architecture of the ii-active device is similar to that of the ii-passive device

[Lenovo]
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[Apple]

Proposal 4: For the higher- category device few hundreds of µW of peak power consumption), more complex receiver architecture like heterodyne receivers can be considered for evaluation purpose

-
However, for PHY design perspective, this should not impact the harmonized design target between lower-category and higher-category device

5.11 Antenna

A few companies provided views on device antennas.

	Study separate antennas for energy harvesting and Rx: E///, Nokia

Shared antenna for energy harvesting and Rx: QC

Increase # of device antennas to 2 or 4: Comba


5.11.1 Discussion (1st round)

FL Proposal 11.1: Study assumptions on device antenna configuration for communication and RF energy harvesting.

· Number of device antennas

· Whether device antennas can be shared for communication and energy harvesting.

Please provide brief comments for FL Proposal 11.1.

	Company
	Comment

	Spreadtrum
	we prefer single antenna for the ambient IoT device.

	Xiaomi
	Fine

	CMCC
	We prefer singe antenna for A-IoT device.
Whether the antenna is shared by RF-EH is implementation. 

	Samsung
	We support to further study these aspects as captured by FL summary. We understand some companies input in their contribution regarding disparity on the required antenna Q-factor for RX and energy harvesting. In studying this, single antenna can be the baseline and separate antennas can be further discussed if well justified. 

	Futurewei
	For energy harvesting, this is pending the outcome of the discussion in 5.2.1

	Apple
	Single antenna shared for communication and energy harvesting

	MediaTek
	We think one antenna should the baseline.

	Nokia, NSB
	Antenna size constraints should also be considered

	QC
	Assume antenna can be shared for EH and communication. But, assume antenna is available for only one purpose at a time.

	vivo
	Same view as Spreadtrum and Apple

	Ericsson
	We support the proposal, and have similar view as Samsung. These aspects should be further studied considering the required antenna Q factor for Rx and energy harvesting.

	Huawei, HiSilicon
	Considering the limited complexity and size of Ambient IoT device, it is proposed to assume 1T1R for the device, especially for FR1 FDD band. But this assumption belongs in the link budget and evaluations agenda item. A generic depiction of antenna can be included in this agenda item.



	Lenovo
	Fine, but regarding the number of antennas can be assumed to be one for both communication and harvesting. We don’t foresee greater than one antenna supported.

	ZTE, Sanechips
	Single antenna can be considered as a baseline and two antennas are not precluded. For single antenna, the device antenna is shared for communication and energy harvesting, e.g. FL reception of PIE or Manchester.

	CATT
	Okay

	Wiliot
	2 antennas can be assumed for AIoT device.


5.11.2 Related Tdoc Proposals

[E///]

Observation 6 Two separate antennas may be needed for harvesting and Rx.

[Comba]

Proposal 1: The number of receivers in the antenna of Ambient IoT device A should be increased to 2 or 4.

[QC]

Proposal 13: For study purpose, assume that energy harvester and communication share the same antenna and all antennas are time shared at the same time between energy harvesting and communication as option (b) in the Figure 10
[Nokia]

Proposal 4: Include parallel Ambient IoT device RF energy harvesting and communication feasibility and impact analysis in the RAN1 study.
5.12 Clock/LO

A few companies have provided clock accuracy (initial SFO for device 1 and 2).

	For device 1, initial SFO up to 10X ppm, 

· where X = 4 or 5 (Spreadtrum)

· where X = 5 (HW)

For device 2, initial SFO of 100ppm (Opp)

Study low power clock: accuracy, jitter, etc (TCL, Nokia)


5.12.1 Discussion (1st round)

FL Proposal 12.1: Companies to provide clock accuracy assumptions for different device types.

Please provide brief comments for FL Proposal 12.1.

	Company
	Comment

	Spreadtrum
	For device 1, x = 4 or 5. 

	Xiaomi
	Fine

	CMCC
	For a harmonized design, we prefer to assume the design start from the SFO for device 1. To our understanding, 10^4 ~ 10^5 ppm is a reasonable value.

	OPPO
	Should we have same value for both device 1 and 2? For Device 1 we prefer x=4.

	Apple
	Same view as CMCC

	QC
	Device 1: 4,5

Device 2: 3, 4

	vivo
	For clock accuracy, X=4 can be assumed according to requirements in RFID. 

Besides, the backscatter link frequency accuracy can be even worse, i.e., up to 2e10^5, according to RFID spec.

	Ericsson
	Fine with the proposal to study clock accuracy assumptions. Perhaps it can be clarified what specific aspects need to be studied, e.g., CFO, time/frequency drift, etc.

	Huawei, HiSilicon
	Referring to the corresponding definitions in ISO 180006C UHF RFID and related researches, SFO of 105 ppm is proposed for Ambient IoT device with ~1 uW peak power consumption.

According to the SID, the same assumption on SFO can be applied to Ambient IoT device with few 100 uW peak power consumption, to achieve a harmonized design for the benefits of better industrial development for both device and basestation.

	Lenovo
	Fine

	ZTE, Sanechips
	Based on the A-IOT device type categorization, for type 1 device, there is a range, e.g., 10^3~10^5. For type 2 device, we think the clock accuracy assumptions can be the same. 

	CATT
	Okay

	Wiliot
	For device 2, x = 3. 


Summary of SFO accuracy 

	
	Device 1
	Device 2

	initial SFO up to 10X ppm
	105ppm: HW

4, Oppo, vivo

4, 5: Spreadtrum, CMCC, Apple, QC

3 ~ 5: ZTE
	105ppm: HW

3: Wiliot

3, 4: QC

4: vivo?

3 ~ 5: ZTE 

	
	[0.1%], 1%, 10%
	0.1%, 1%, [10%]


5.12.2 Discussion (2nd round)

FL Proposal 12.2: Following initial SFO accuracy is assumed for the sampling clocks of device types.

	
	Device 1
	Device 2

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


5.12.3 Related Tdoc Proposals


[Spreadtrum] 

Proposal 6: For the Ambient IoT device with 1 µW peak power consumption, the initial sampling frequency offset (SFO) up to 10X ppm, where X = 4 or 5.

[HW]

Proposal 15: For Ambient IoT device with ~1 µW peak power consumption, the clock frequency is required to be sufficiently low (e.g., ≤1.92 MHz) for proper power consumption.

Proposal 16: A maximum initial sampling frequency offset of 105 PPM is assumed for Ambient IoT device i.e., X = 5.

Observation 7: In ISO 18000-6C UHF RFID, the frequency tolerance for sampling clock is 0.5~2.2 × 105 PPM, varying with signal bandwidth.

[TCL]

Proposal 9: Study on the low-power and low-complexity oscillator to generate ON-OFF waveform. Meanwhile, evaluate the time jitter and phase jitter of proposed oscillator.

[Nokia]

Proposal 2: Include analysis of maximum oscillator deviation/accuracy and clock synchronization schemes for all device types as it presents a tradeoff between device power consumption and device sampling frequency offset which impacts backscatter frequency stability.

[Oppo]

homodyne RX. The Device explicitly listed as ~500µW for peak power consumption. 100 ppm for the initial sampling frequency offset is assumed when LO is present.

5.13 Energy Storage and Charging Time
Two companies have provided view on energy storage for device 2. 

	2000uF for device 2: E///

Additional 1uF of capacitance to sustain one more round in an inventory process (when Tx power is assumed to be 200uW): QC


5.13.1 Discussion (1st round)

FL Proposal 13.1: Further study and provide input on energy storage size for device 1 and 2.

Please provide brief comments for FL Proposal 13.1.

	Company
	Comment

	QC
	Based on our analysis done in R1-2401444, ~10uF of capacitor could starting point for device 2 to support roughly 10 times of inventory rounds which has “sleep, rx, and tx, of which duration is 100ms. 

	Huawei, HiSilicon
	The details on energy storage is out of the scope of 3GPP. The type and capacity of energy storage totally depends on the detailed deployment scenarios and applications.

	
	


5.13.2 [High] Discussion (2nd round)
More inputs are needed on energy storage size and charging time for device 1,2a,2b.

To FL’s point of view, energy storage size will have a direct impact on not only on the device architecture (e.g., whether certain approach could be used or not, whether certain component could be assumed it or not) but also device operation time.

· If energy storage size is small, operation time will be very short and device may not sustain during a single inventory procedure (which is order of second).
· If energy storage size is large, charging time would be very long and device cost will be too high. Thus it will make A-IoT device overlaps with upper segment device type (e.g., NB-IoT) in terms of cost/capability.
FL Proposal 13.1: Further study and provide input on energy storage related questions for device 1 and 2a/2b.
· 1) Does different device type have different storage size?

· 2) How large the energy storage should it be?
Please provide brief comments for FL Proposal 13.1.

	Company
	Comment

	
	 


5.13.3 Related Tdoc Proposals

[E///]

Observation 9 The size of the storage capacitor for Device B needs to be at least in the order of 2000 μF.
[QC]

Observation 3: Roughly speaking, device 2 requires additional 1uF of capacitance to sustain one more round in an inventory process (when Tx power is assumed to be 200uW).

5.14 Selectivity

	Study how to achieve receiver selectivity (by e.g., BPF, BB LPF, Antenna Q factor): Nokia, MTK, QC, TCL, Comba, HW


5.14.1 Discussion (1st round)

FL Proposal 14.1: Further study how to improve selectivity of device, e.g., feasibility of RF BPF, BB filter, antenna selectivity, etc.

Please provide brief comments for FL Proposal 14.1.

	Company
	Comment

	Spreadtrum
	Fine with FL Proposal.

	Xiaomi 
	Fine

	CMCC
	Fine

	Samsung
	Agree with FL proposal. However, it may be an issue to be discussed in 9.4.1.1 or 9.4.2.1.

	OPPO
	OK

	Apple 
	Fine

	Nokia, NSB
	OK

	QC
	Fine with FL Proposal.

	Ericsson
	Fine. Does this apply to all device types?

	Huawei
	The required frequency selectivity depends on the coexistence evaluations in RAN4. There are various ways to implement the required frequency selectivity for Ambient IoT device, which depends on detailed hardware design. This part should be studied in RAN4.

	Lenovo
	Fine

	ZTE, Sanechips
	OK. For example, 

Antenna selectivity for device 1 and RF BPF/BB LPF for device 2a/2b could be considered.

	CATT
	Fine


5.14.2 Related Tdoc Proposals


[Nokia]

Proposal 1: Within scope of the study, it is proposed to analyze feasibility of implementing receiver frequency selectivity, e.g. bandpass filter, for the Ambient IoT activation/DL signal while preserving broadband match for the RF energy harvester.
[MTK]

Proposal 1 Study on [3rd] Butterworth LPF's feasibility for Ambient IoT interference or alternative NW interference handling methods.

[QC]

Proposal 12: RAN1 and RAN4 to study the impact of Q factor in A-IoT link performance and energy harvesting; reasonable value of Q, pro/con of using high/low Q factor considering frequency in band(s) across operators.

[TCL] 

Proposal 7: Study on the followings related to the rectifier and analog RF filter at demodulation architecture

--Improve rectifying efficiency by considering extra CW node and wider analog RF filter

--Suppress the out-of-band interference by considering suitable analog RF filter
[Comba]

Proposal 2: Low-cost analog or digital filters should be added to the architectures of Ambient IoT device B.

[HW]

Proposal 8: For the receiver of Ambient IoT device, the necessity and the required adjacent channel selectivity (ACS) capability for low-pass baseband filter, if needed, depends on the study of co-existence between Ambient IoT and NR in RAN4.

5.15 Energy Harvester: Sensitivity

Views on RF energy harvesting sensitivity.

	-20dBm, -25dBm: Apple

-35dBm, -30dBm: QC


5.15.1 Discussion (1st round)

FL Proposal 15.1: Companies to provide RF energy harvester sensitivity.

Please provide brief comments for FL Proposal 15.1.

	Company
	Comment

	Spreadtrum
	According to [1], the RF energy harvester sensitivity is -19.2 dBm.

[1] G. Chong, H. Ramiah, J. Yin, J. Rajendran, P.-I. Mak, and R. P. Martins, ‘‘A wide-PCE-dynamic-range CMOS cross-coupled differential-drive rectifier for ambient RF energy harvesting,’’ IEEE Trans. Circuits Syst. II, Exp. Briefs, vol. 68, no. 6, pp. 1743–1747, Jun. 2021.

	Xiaomi
	Fine

	CMCC
	For device 1, it is around -24 ~ -25 dBm. We are open to discuss any better energy harvester sensitivity cases.

[1] UCODE® 9 Accelerates the IoT | NXP Semiconductors, https://www.nxp.com/products/rfid-nfc/ucode-rain-rfid-uhf/ucode-9-accelerates-the-iot:SL3S1206FUD2
[2] Impinj M830/M850 series tag chips datasheet, 2023, https://support.impinj.com/hc/article_attachments/20829570343955

	OPPO
	OK

	Apple
	In the order of -25dBm

	QC
	Agreed proposal.

	Ericsson
	Fine with the proposal. We think -20 to -25 dBm may be feasible.

	Huawei, HiSilicon
	Energy harvesting is out of the scope of 3GPP. For air interface design, it can be assumed device works with sufficient energy. The energy related solution and implementation depends on detailed deployment scenarios and applications, which should not be considered in the study.

	Lenovo
	Fine

	ZTE, Sanechips
	-20 ~ -25 dBm could be considered

	Wiliot
	RF energy harvester sensitivity can be assumed to be -40dBm when charging a capacitor.


5.15.2 Related Tdoc Proposals

[Apple]

Proposal 2: For the purpose of our evaluations, we can at least consider activation threshold values of { -20dBm, -25dBm}

[QC]

Observation 2: Sensitivity of Energy harvester is the range of [-35, -30].

5.16 Energy Harvester: Power Conversion Efficiency

5.16.1 Related Tdoc Proposals


[TCL] 
Proposal 7: Study on the followings related to the rectifier and analog RF filter at demodulation architecture
--Improve rectifying efficiency by considering extra CW node and wider analog RF filter

--Suppress the out-of-band interference by considering suitable analog RF filter

[Sony]

Proposal 1: RAN1 to study to take into account the design trade-off of the backscattering device in terms of its conversion efficiency and power harvesting capability.

5.17 Memory

5.17.1 Related Tdoc Proposals

[Ericsson] Proposal 9 Discuss whether RAN1 should study aspects related to memory (e.g., size, type, refresh time, energy consumption, etc.) of an Ambient IoT device.
[HW] Proposal 17: The ~1 µW power Ambient IoT device is expected to only support non-volatile memory of a few kilo-bits, with additional registers of a few ten bits.

5.18 Multi-band support

5.18.1 Related Tdoc Proposals

[MTK] Multi band support

Proposal 2
Study on multi-band capabilities in A-IoT devices, considering their power limitations and the implications for global deployment due to diverse spectrum regulations.

5.19 Other Topics

Please provide any input for study of device architecture.

	Company
	Comment

	Futurewei
	There are potential benefits in supporting multi-band; one is to ensure interoperability for global use of Ambient IoT devices. FDD operating bands located in the lower frequency are preferred over the higher ones due to lower path loss, resulting in larger coverage (or longer communication distances) of Ambient IoT devices. One example is operating band n8, which can be used as a starting point and additional bands can be added taking into account complexity, cost and power consumption. 

	Wiliot
	1. Device architecture should assume AIoT tag system clock, to make sure inventory reading can happen on time while taking all calculations into account. 

Device architecture should assume interference model at the A-IoT device transmitter (not only at AIoT receiver) - especially for the backscattering transmitter. This is for e.g. when several readers are located at the same room.    
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7 Appendix A: Company Proposals from Contributions

7.1 Spreadtrum Communications, SGITG

Observation 1: For RFID tags, the power consumption of the comparator, digital BB, and clock circuit accounts for the majority of the overall power consumption.

Table 1: Power consumption of passive RFID Tag

	Blocks/Components
	Implementation
	Power Consumption of RFID

	Matching Network
	RLC circuit
	Passive

	RF rectifier
	Diode + RC circuit
	Passive

	Envelope detector
	Diode + RC circuit
	Passive

	Comparator
	Low power comparator
	~300 nW

	Modulator
	RLC circuit
	Tens nW

	Digital BB
	Low power digital BB
	~400 nW

	Clock circuit
	Relaxation/Ring oscillator
	Tens to hundreds nW


Observation 2: The passive RFID tag can be designed with ~1µW power consumption.

Proposal 1: Various energy sources should be supported for supply power, e.g., RF, solar/light, piezoelectric (kinetic/vibration), electromagnetic, electrostatic, heat/thermal, thermoelectric, magnetic, wind/water, acoustic, etc.

Proposal 2: Designing the ambient IoT device architectures should observe the harmonized design principle.
Proposal 3: The physical layer design should take the worst device capability into account.

Proposal 4: For Rx, non-coherent detection with low power consumption should be considered.

Proposal 5: For the Ambient IoT device with 1 µW peak power consumption, the RFID tag-like architecture (i.e., Fig 1) could be the starting point.

Proposal 6: For the Ambient IoT device with 1 µW peak power consumption, the initial sampling frequency offset (SFO) up to 10X ppm, where X = 4 or 5.

Proposal 7: two UL transmission manner, i.e., backscatter and signal generated internally, only differ in UE implementation, but do not distinguish on the network side.

Proposal 8: The advanced blocks/components (e.g., envelope detector, comparator/ADC, and clock circuit) with better performance should be considered compared with the ambient IoT device with 1 µW power consumption.

Proposal 9:  For the Ambient IoT device with a few hundred µW power consumption (backscattered), the LNA and reflection amplifier could be taken into account for improving the coverage.

Observation 3: The power consumption of LP-WUR (RF ED and Zero-IF ED) can satisfy the power consumption budget few hundred µW.

Observation 4: the Zero-IF ED receiver of ambient IoT device has the better detection performance compared with RF ED receiver.

Proposal 10: The LP-WUR could be the baseline for the receiver of the Ambient IoT device with a few hundred µW power consumption.

Proposal 11: further study the IF ED LP-WUR architecture whether can be used in ambient IoT Device with few hundred µW power consumption.

Observation 5: For the A-IoT device with a few hundred µW power consumption (signal generated internally), the transmitter includes DAC, mixer, LO and amplifier at least.

Proposal 12: Frequency shifting should be supported in ambient IoT.

7.2 Ericsson

Observation 1
The peak Rx power consumption for Device A+ is expected be 2 3 µW.

Observation 2
Replacing active ED with passive ED helps to reduce the peak power consumption to ~1 µW but negatively impacts the Rx sensitivity.

Observation 3
With the power consumption target of 1 µW, it may not be feasible to achieve a reasonable Rx sensitivity level for Device A+.

Observation 4
The peak Tx power consumption for Device A+ is expected be 0.5 1.5 µW.

Observation 5
The size of the storage capacitor for Device A+ needs to be at least in the order of 20 μF.

Observation 6
Two separate antennas may be needed for harvesting and Rx.

Observation 7
The peak Rx power consumption for Device B is expected be around 100 µW.

Observation 8
The peak Tx power consumption for Device B is expected be about 150 µW.

Observation 9
The size of the storage capacitor for Device B needs to be at least in the order of 2000 μF.

Observation 10
RF energy may not be sufficient to drive Device B as it requires higher peak power consumption.

Observation 11
The peak Rx power consumption for Device C- is expected be about 500 µW. The higher power consumption compared to Device B enables better sensitivity receivers.

Observation 12
The peak Tx power consumption for Device C- is expected be about 500-700 μW, for an output power of up to -10 dBm.

Observation 13
RF energy may not be sufficient to drive Device C- as it requires higher peak power consumption.

Observation 14
It is expected that device would benefit from storing some key information and parameters in its memory.

Based on the discussion in the previous sections, we propose the following:

Proposal 1
Study Rx architecture with RF envelope detection for passive device without amplification (A+).

Proposal 2
Study Tx architecture in Figure 2 for passive device without amplification (Device A+).

Proposal 3
Study homodyne Rx architectures for OOK and FSK for passive device with amplification (Device B).

Proposal 4
Study Tx architecture in Figure 5 for passive devices with amplification (Device B).

Proposal 5
Discuss whether Device B, like Device A+, can rely solely on RF energy harvesting to drive itself.

Proposal 6
Study homodyne Rx architectures for OOK and FSK for active device with amplification (C-).

Proposal 7
Study Tx architecture in Figure 7 for active devices with amplification (Device C-).

Proposal 8
Discuss whether Device C-, like Device A+, can rely solely on RF energy harvesting to drive itself.

Proposal 9
Discuss whether RAN1 should study aspects related to memory (e.g., size, type, refresh time, energy consumption, etc.) of an Ambient IoT device.

Proposal 10
Discuss the interpretation of “peak power consumption” in the SID, specifically, whether it pertains only to the power consumption of active components in the transmitter/receiver chain (RF and baseband), or if it also includes other components in the device, such as memory and harvester/power management unit.

Proposal 11
Adopt the former interpretation in the above proposal and use the methodology in Table 1 to evaluate the peak power consumption.

Proposal 12
Discuss whether/how to evaluate the average power consumption of Ambient IoT devices.

Proposal 13
Adopt the same complexity targets for Devices A+, B, and C- in the SID as those for Devices A, B, and C in TR 38.848.

Proposal 14
Discuss whether to adopt a quantitative or a qualitative approach for the evaluation of complexity.

7.3 Futurewei

Proposal 1: Adopt the general architecture in Figure 1 as reference for evaluation and analysis of Ambient IoT devices.
Proposal 2: For convenience, we propose to refer to Ambient IoT devices in (i) and (ii) as low-power and high-power Ambient IoT devices, respectively.
Proposal 3: Leverage LP-WUS/WUR study and adopt the demodulator architecture in Figure 3 as reference for evaluation and analysis of low-power Ambient IoT devices.
Observation 1: Baseband processing unit of the low-power Ambient IoT device may support slight frequency translation as part of the encoding scheme/process.
Proposal 4: Adopt the modulator architecture in Figure 4 as reference for evaluation and analysis of low-power Ambient IoT devices.
Proposal 5: Leverage LP-WUS/WUR study and adopt the demodulator architecture in Figure 7 as reference for evaluation and analysis of high-power Ambient IoT devices.
Proposal 6: Adopt the modulator architectures in Figure 8 as reference for evaluation and analysis of high-power Ambient IoT devices.
7.4 Huawei

Proposal 1: The Ambient IoT device with ~1 µW peak power consumption includes the following basic blocks.

· Communication related blocks

· Analog demodulator based on RF envelope detector

· Analog backscatter modulator based on impedance switching circuits

· Digital baseband

· Clock generator

· Memory

· Antenna, including matching network

· Energy related blocks 

· (RF) Energy harvester

· Energy storage

· Power management unit

Proposal 2: Capture the device architecture for Ambient IoT device with ~1 µW peak power consumption in Figure 1 into TR.

Proposal 3: The Ambient IoT device with a few 100 µW peak power consumption includes one or more of the following additional blocks.

· Communication related blocks

· Power amplifier in analog demodulator

· Power amplifier in analog modulator

· FDD frequency shifter, optionally in backscatter modulator

· RF local oscillator and mixer, only for heterodyne transmitter or receiver

Proposal 4: Regarding Ambient IoT device with a few 100 µW peak power consumption, capture the device architectures in Figure 2 / 3 / 4 / 5 into TR.

Proposal 5: Considering harmonized design for Ambient IoT device with both ~1 µW and a few 100 µW power consumption, the introduction of additional blocks for power amplification and / or frequency conversion is expected to have no impact on the Ambient IoT air interface.

Proposal 6: Regarding the basic blocks in Ambient IoT device, Rel-19 study focuses on those directly related to communication, including 

· Analog demodulator based on envelope detection, optionally including power amplifier

· Analog backscatter modulator, optionally including power amplifier and frequency shifter

· RF local oscillator and mixer, only for heterodyne- or homodyne- transmitter or receiver

· Digital baseband

· Clock generator

· Memory

· Antenna, including matching network

Proposal 7: The study item assumes RF Envelope detection as the baseline for Ambient IoT downlink.

Proposal 8: For the receiver of Ambient IoT device, the necessity and the required adjacent channel selectivity (ACS) capability for low-pass baseband filter, if needed, depends on the study of co-existence between Ambient IoT and NR in RAN4.

Proposal 9: For Ambient IoT device, the receiver sensitivity can be reported per company by inspection of reference implementations in the field.

Proposal 10: For Ambient IoT device with ~1 µW peak power consumption, the receiver sensitivity of RF envelope detector is assumed to be no higher than -40 dBm.

Proposal 11: For Ambient IoT device with a few 100 µW peak power consumption, the receiver sensitivity of RF envelope detector with power amplifier is assumed to be no higher than -46 dBm.

Proposal 12: The study item assumes backscatter modulation as the baseline for Ambient IoT uplink.
Proposal 13: For Ambient IoT device with energy storage, the reflection loss of backscatter modulator without amplifier is assumed to be 6 dB and 0 dB for OOK / FSK and BPSK, respectively.

Proposal 14: For Ambient IoT device with ≤a few 100 µW peak power consumption, the power gain of reflection amplifier is assumed to be no less than 10 dB.

Proposal 15: For Ambient IoT device with ~1 µW peak power consumption, the clock frequency is required to be sufficiently low (e.g., ≤1.92 MHz) for proper power consumption.

Proposal 16: A maximum initial sampling frequency offset of 105 PPM is assumed for Ambient IoT device i.e., X = 5.

Proposal 17: The ~1 µW power Ambient IoT device is expected to only support non-volatile memory of a few kilo-bits, with additional registers of a few ten bits.

Proposal 18: The study item assumes no buffering for a certain 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.

Observation 1: Based on RF envelope detection for downlink receiving and backscatter modulation for uplink transmitting, UHF RFID tag can achieve ~1 µW peak power consumption.

Observation 2: Some conventional signal processing, such as sequence correlation, is assumed to be not supported by Ambient IoT device with ~1 µW peak power consumption.

Observation 3: It is feasible for a harmonized design to share the same digital baseband design for the receiver of Ambient IoT devices with different power consumptions.

Observation 4: With the constraint of ≤a few 100 µW peak power consumption, the feasibility and performance for the integration of FDD frequency shifter with reflection amplifier needs further investigation.

Observation 5: For the heterodyne- or homodyne- transmitter with ≤a few 100 µW peak power consumption, the inaccurate frequency of ultra-low power local oscillator may produce severe adjacent channel interference or require large guard interval for the uplink transmission.

Observation 6: It is feasible for a harmonized design to share the same digital baseband design for the transmitter of Ambient IoT devices with different power consumptions.

Observation 7: In ISO 18000-6C UHF RFID, the frequency tolerance for sampling clock is 0.5~2.2 × 105 PPM, varying with signal bandwidth.

Observation 8: The ~1 µW power Ambient IoT device cannot support buffering a transport block or some intermediate data of a certain size (e.g., 100 bits or more).

Observation 9: For the non-volatile memory in the ~1 µW power Ambient IoT device, the writing operation is expected to consume higher power than reading, but with much lower throughput.
7.5 TCL

Observation 1: The lowest capability tag with only 1 µW peak power consumption have no energy storage capability and another tag with a few hundred µW peak power consumption have limited energy.

Observation 2: Self-supplying energy scheme with near-zero power consumption amplifier or low-power ADC can meet the requirement of AIoT power consumption.

Observation 3: Reflection sensitivity is not same as demodulation sensitivity, and the reflection sensitivity is decided by modulation architecture design, and the demodulation sensitivity is decided by demodulation architecture design.

Observation 4: The amplitude/phase/frequency of backscatter signal can be changed by controlling reflection coefficient using different impedance types. 

Observation 5: Switching rate between different impedances is decided by ON-OFF waveform duration, which influences further the data rate of backscatter signal.

Observation 6  

--The same modulation power consumption, modulation complexity and return loss can be discovered in OOK and BPSK. However, the modulation depth of OOK and the phase offset of BPSK will be impacted by non-idea factor. 

--2FSK will occupy more frequency resource and can be achieved by non-load modulation. In addition, OOK and BPSK all can be achieved by non-load modulation, e.g., active component. However, non-load modulation needs more higher power consumption and may not meet the RF emission of RAN4.

Observation 7 

--Extra CW node may be considered to improve the rectifying efficiency of rectifier. 

--Analog RF filter at demodulation architecture can be used for interference suppression and improving rectifying efficiency.

Observation 8: Reflection amplifier can enhance the amplitude or RCS of backscattered signal. Different types of reflection amplifier have different characteristic. Reflection amplifier is active component, which has non-line feature like traditional PA/LNA.

Proposal 1: The following terminology may be used for future discussion,

· Demodulation: study and discussion on the Rx module for receiving and processing paging/synchronization/control signaling, then decide the initial SFO (ppm).

· Modulation:

· the reflection module for UL backscattering signal based on the external CW.

· the UL transmission model based on the internal CW of tag.

· CW for energy harvesting is not necessary because of different energy sources in environment. The node of CW for energy harvesting/UL transmission can be the same node with DL signaling transmitter or UL signal receiver, or can be the other CW node. 

· Clarify whether the wake-up signal for activating demodulation circuit comes from CW for energy harvesting or signaling with specific design, or both can be used.

Proposal 2: Discuss and study on the rectifying efficiency of RF source in AIoT architecture to improve demodulation sensitivity and capability, and consider the impact on signal/channel design. 

Proposal 3: The receiver architectures with RF envelop detection should be firstly studied for demodulation of tag. IF and baseband envelop detection is low priority to study if the power consumption of LO cannot be reduced to a few tens µW level.

Proposal 4: The receiver architecture with self-supplying energy scheme or LNA-free for tag should be further studied to decide if meeting the requirement of RAN1 and RAN4 or not.

· Near-zero power consumption amplifier may be considered for two types tag with 1 µW/few hundred µW peak power consumption

· LNA can be considered for device B

· Self-supplying energy scheme may be considered for two types tag with 1 µW/few hundred µW peak power consumption

Proposal 5: Based on the above analysis, we give some suggestions of modulation architecture for future discussion 

-- Study on OOK-based modulation architectures firstly to meet the requirement of low-power and low-complexity.

-- Study on BPSK-based modulation architectures to analyze the feasibility as candidate modulation scheme, including phase offset because of non-idea factors. In addition, QAM should not considered in this version because of the hardware complexity and the higher power consumption.

--2FSK-based modulation architecture as low priority may be considered to meet the UL coverage requirement of device B. 

-- Only load modulation is considered for OOK and BPSK modulation schemes because of the requirement of low-power and low-complexity.

-- Different UL receiver architectures should be considered, including OOK-based receiver and BPSK-based receiver. 

Proposal 6: The modulation architecture of tag by itself internal CW includes LO or PLL with low frequency resolution because of the limited power consumption and excludes DFT or IFFT modules. 

Proposal 7: Study on the followings related to the rectifier and analog RF filter at demodulation architecture

--Improve rectifying efficiency by considering extra CW node and wider analog RF filter

--Suppress the out-of-band interference by considering suitable analog RF filter

Proposal 8: Study on the impact reflection amplifier on RAN1 and RAN4, including UL coverage evaluation/power control/interference handling in RAN1, and RF emission at tag in RAN4. 

Proposal 9: Study on the low-power and low-complexity oscillator to generate ON-OFF waveform. Meanwhile, evaluate the time jitter and phase jitter of proposed oscillator.

Proposal 10: Study on sideband suppression circuit and consider the impact of mirror interference on RAN1 and RAN4.

7.6 vivo

Observation 1: Frequency shifter may not be a good component of AIoT devices due to additional power consumption and mirror frequency. 

Observation 2: FSK modulation results in higher power consumption. Does not meet the design target of device 1. But it may be a potential architecture for device 2A/2B.

Observation 3: High accuracy local oscillator may be needed if BPSK/QPSK modulation is adopted. It will also increase the difficulty and cost of hardware and algorithm implementation with the higher-order modulation.

Observation 4: When reflection amplifier is based on transistor or tunnel diode, the power consumption can be satisfied with design target of device 2B.

Observation 5: Following Timing and frequency error exist in UHF RFID, due to poor accuracy and poor stability of AIoT clock.

· Up to 1% in timing error and up to 22% in backscatter frequency error as in RFID.

· Up to 2.5% frequency variation during backscatter transmission.

Proposal 1: Consider following categorization for AIoT device types

· Device 1: RF envelop detector is assumed for DL w/o LNA, and backscatter transmission for UL w/o reflection amplifier.

· Device 2A: RF envelope detection or IF/Zero-IF envelope detection for DL (optionally w/ LNA), and backscatter transmission for UL (optionally with reflection amplifier)

· Device 2B: IF/Zero-IF envelope detection for DL w/ LNA, and active UL transmission.

Proposal 2: For receiver architecture, low power wake-up receiver with envelope detection can be reused for Ambient IoT receiver. 

Proposal 3: Power gain on reflection amplifier can be [10-15 dB].

Proposal 4: Return loss for backscatter devices is [-6 ~ -8 dB].

7.7 CMCC

Proposal 1: Adopt the Table and Figure 1, 2A, 2B in R1-2400330.

7.8 Nokia, Nokia Shanghai Bell

Proposal 1: Within scope of the study, it is proposed to analyze feasibility of implementing receiver frequency selectivity, e.g. bandpass filter, for the Ambient IoT activation/DL signal while preserving broadband match for the RF energy harvester.


 REF Proposal92393 \h  \* MERGEFORMAT 
Proposal 2: Include analysis of maximum oscillator deviation/accuracy and clock synchronization schemes for all device types as it presents a tradeoff between device power consumption and device sampling frequency offset which impacts backscatter frequency stability.



 REF Observation11026 \h  \* MERGEFORMAT 
Observation 1: It is unclear if device type (ii) supports backscattered activation signal response only or generation of active transmission response only or if the device response method may be configurable to operate in either backscattering or active transmission modes for a particular transmission. 


 REF Proposal92394 \h  \* MERGEFORMAT 
Proposal 3: Clarify the description of device type ii. To include devices only capable of backscatter UL transmission, devices only capable of active internally generated UL transmission, and devices configurable for either backscatter or active UL transmission for a particular transmission.     


 REF Proposal92395 \h  \* MERGEFORMAT 
Proposal 4: Include parallel Ambient IoT device RF energy harvesting and communication feasibility and impact analysis in the RAN1 study. 


 REF Proposal92396 \h  \* MERGEFORMAT 
Proposal 5: Include Ambient IoT activator/DL power level impact analysis in the RAN1 study. 


7.9 CATT

Proposal 1: The characteristic of Ambient IoT as a response device should be considered.

Proposal 2: The physical channel/signals and procedure and higher layer control function should have common design for Type-1 device and Type-2 device and additional components for Type-2 device with signal generation and transmission components should be supported.

Proposal 3: A-IoT device architecture design needs to meet A-IoT RAN design target and SI objective for power consumption and complexity.

Proposal 4: The RF energy harvesting and storage module should provide stable power supply for Type-1 device and Type-2 device of Ambient IoT.

Proposal 5: The receiver component of the ambient IoT could support a RF envelope detector architecture, at least for Type-1 A-IoT device.

Proposal 6: The composition of backscatter/transmitter components in A-IoT devices should be strictly limited, considering that signal converters require more components and higher power, especially for Type-2 devices.

Observation 1: Considering the RAN design target of A-IoT, it is necessary to design appropriate architectures and component compositions for Type-1 and Type-2 devices, and limit power consumption.

7.10 ZTE

In this contribution, we discuss the device architecture and the evaluation of complexity and power consumption for Ambient IoT. Then the following proposals are given:

Proposal 1: The above three device architectures can be considered for Ambient IoT.

· Device capabilities can be designed based on the given device architectures.

Proposal 2: Amplification gain, sampling frequency offset, matching bandwidth, frequency shift range of backscatter signal and activation threshold need to be decided for different devices in Ambient IoT study.

Proposal 3: If complexity and power consumption evaluation is needed, it can be performed based on function blocks of device architecture.

· Relative complexity or power consumption of Ambient IoT device to reference device can be considered.
7.11 Honor

Observation 1: The complex deployment scenarios of Ambient IoT require better RF components to meet the requirements.

Observation 2: The coverage design target range is large, and the relationship with the receiver architecture cannot be directly determined.

Observation 3: The power consumption requirements of Ambient IoT devices are similar to those of RFID device.

Observation 4: Under different design targets, the basic components of the device architecture are basically the same, but the sub-modules and implementation complexity of each component will be different.

Proposal 1: Discuss the architecture of Ambient device with reference to the architecture of RFID device.

Proposal 2：Ambient IoT device architectures contain the following basic components: Matching network, power management, demodulation, modulation, and digital baseband.

7.12 Xiaomi

· Clarify energy storage in A-IoT devices
Observation 1: The inclusion of battery-based energy storage in an A-IoT device will result in increased device costs and added complexity during implementation.

Observation 2: A structure with a battery is detrimental to the life of A-IoT device and defeats the original purpose for which ambient IoT for NR was designed.

Proposal 1: RAN1 should clarify whether A-IoT device has energy storage based on a battery.

Proposal 2: If the structure with a battery is included in Rel-19 study item, it should be de-prioritized.

· Clarify mixed structure of A-IoT devices
Observation 3: From perspective of UL transmission, the device supporting actively transmitting UL signals can be referred to as an active device, while the device solely capable of backscattering on a carrier wave can be referred to as a passive device.

Observation 4: The drawbacks to support actively transmitting UL signals and backscattering on a carrier wave includes:

· Increasing the cost of a single device

· Additional workload of specification

· Potential implementation complexity of A-IoT device

Proposal 3: A-IoT device architectures for UL transmission need to be designed separately for active devices and passive devices. If option 3 is included in Rel-19 study item, the mixed transmission architecture should be de-prioritized.

Observation 5: The passive devices are cheaper and more suitable for the scenario which need a large-scale application, and consume less power than active devices.

Proposal 4: The architectures for passive devices should be discussed first in RAN1.

· Considering in the initial design

Proposal 5: Complexity and cost need to be considered in the initial design of A-IoT device architectures.

Proposal 6: To meet power requirements, the most power hungry components the A-IoT device needs to be addressed in the discussion.

· Considering in architectures for A-IoT devices

Observation 6: The candidate component modules vary depending on the type of A-IoT devices.

Proposal 7: Energy harvesting and storage should be considered at least in architectures for passive devices.

Observation 7: Different energy harvesting and storages could be designed for different types of energy.

Observation 8: 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.

Proposal 8: Whether considering all types power source for A-IoT passive devices should be discussed first.

Proposal 9: At least radio wave should be regarded as baseline power source for A-IoT passive device.

Observation 9: A-IoT passive device is incapable of actively transmitting signals, necessitating the consideration of backscattering in its architectural design.

Observation 10: A-IoT passive device can backscatter by modulating different impedances by backscattering module. If OOK modulation is used, the corresponding circuit has at least one state that requires almost complete absorption of the received CW.

Proposal 10: Backscattering module should be discussed at least for A-IoT passive device. 

Proposal 11: The signal transmission module should be designed with simplicity in mind to minimize power consumption and ensure the operational longevity of the A-IoT active device.

Proposal 12: The signal detection module should be discussed for A-IoT devices with different type waveforms, and candidate signal detection modules should be discussed after the waveform of downlink signal is determined.
Proposal 13: Envelope detection and comparer could be used at least for A-IoT passive device, whereas coherent detection and correlation detection are suitable for A-IoT active device. 

· Considering in operational procedures

Observation 11: The energy harvesting and storage module could harvest energy from both CW and command from gNB or UE or other notes.

Observation 12: The active device, if equipped with a battery, may not require energy harvesting from the environment.

7.13 Oppo

Proposal 1: Both Device i and Device ii should include an energy harvesting and storage component, both RF energy source and other energy source, including solar, piezoelectric, thermal, etc., should be considered in this SI.

Proposal 2: Device i should include a backscattering module, either resistance-based modulation or capacitor-based modulation can be considered for the backscattering module.

Proposal 3: If OOK is used for the transmission to a A-IoT device, RF envelope detector should be used for the A-IoT device, the RF envelope detector should not include RF and BB amplifier, neither high-Q matching network.

Proposal 4: If FSK is used for the transmission to a A-IoT device, zero-crossing detector can be considered for the A-IoT device.

Proposal 5: All 3 receiver types are supported for Device ii: RF envelope detector (w/o LO), Heterodyne RX, or homodyne RX. The Device explicitly listed as ~500µW for peak power consumption. 100 ppm for the initial sampling frequency offset is assumed when LO is present.

Proposal 6: Receiver of Device ii with backscattering can introduce 1 or 2 level of LNA for enhancing the sensitivity. The overall signal amplification can be considered as 15~20dB.

Proposal 7: For the Backscatter of Device ii, it also introduces LNA in the backscattering chain.

Proposal 8: For the active transmitter of Device ii, it should include a LO and optionally LNA or PA.

7.14 Samsung

Observation 1: For Type-1 backscatter devices, RF energy harvesting can be a viable solution. Either a DL signal or an externally provisioned CW signal can be utilized for energy harvesting.

Observation 2: For Type-1 backscatter devices, RF envelop detection can be a viable solution for the receiver chain, which does not require LO and RF mixer. 

Proposal 1: Prioritize provisioning CW signal directly at the backscattering frequency, which eliminates the need for a frequency shifter. Further study regulations and coexistence/compatibility issues.    

Proposal 2: Considering the low-complexity requirements of A-IoT devices, prioritize a simplest modulation scheme for backscattering transmission, e.g., OOK. 

Observation 3: For Type-2 devices, RF energy harvesting may not satisfy the required power consumption of a few hundred µW. Other renewable sources need to be assumed and that is not in scope of 3GPP study.

Observation 4: The DL/UL amplifier for Type-2 devices may be based on a low-power and low-complexity architecture that is different from the conventional PA and LNA architectures.

Proposal 3: Strive for harmonized and unified system designs for Type-1 and Type-2 backscatter devices, without requiring a FDD frequency shifter.  

Observation 5: Type-2 active devices consume higher power due to additional active components.  

Observation 6: A device architecture with IF or BB envelop detection is not preferred due to the limited device operability for downlink reception when the energy level is low. 

Proposal 7: Prioritize a receiver architecture based on RF envelop detector over IF or BB envelop detector. Prioritize a transmitter architecture based on backscattering over active transmission.  

7.15 Sony

Observation 1: For the ii-active device:

· The UL transmission power is not a function of the received power level of the carrier wave signal.

· The UL transmission can be filtered to control interference.

· The UL transmission can be frequency shifted within the UL carrier.

Observation 2: A ii-active device can transmit at -10dBm in the UL.

Proposal 1: RAN1 to study to take into account the design trade-off of the backscattering device in terms of its conversion efficiency and power harvesting capability. 

Proposal 2: Study the potential of using LP-WUR architectures from the LP-WUS study as the receiver architecture for device type ii.

Proposal 3: The performance of the type-i AIoT device is upper-bounded by the performance of the RF envelope detection based LP-WUR architecture.

Proposal 4: The DL architecture of the ii-active device is similar to that of the ii-passive device

7.16 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. 

7.17 Comba

Proposal 1: The number of receivers in the antenna of Ambient IoT device A should be increased to 2 or 4.

Proposal 2: Low-cost analog or digital filters should be added to the architectures of Ambient IoT device B.

7.18 Apple

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

· In addition, power conversion efficiency impacts the device’s capability to harvest energy 

Observation 2: For frequency in the 900MHz band, we can expect to achieve activation threshold in the order of -25dBm, e.g. with CMOS-based technology and multi-stage rectifier circuit

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

Observation 4: Peak power conversion efficiency can be achieved in the range of 75%-85% for typically high SNR regime

Observation 5: Power conversion efficiency of less than 40% is achievable in the range of achievable activation threshold of -20dBm to -25 dBm

Observation 6: For the lower- category device (~1µW of peak power consumption), OOK-based receiver are able to achieve target power consumption of 1µW or below

Observation 7: For the lower- category device (~1µW of peak power consumption), FSK/PSK based receiver are typically require power consumption of more than 10µW

Observation 8: For OOK-based receiver, simple RF envelope detector architecture is able to achieve target power consumption of 1µW or below

Observation 9: For receiver with RF envelope detector architecture, receiver sensitivity in the range of -50dBm to -40dBm can be achieved, while satisfying the power consumption requirement of lower- category device (~1µW of peak power consumption)

Observation 10: For receiver with RF envelope detector architecture, gross data rate of ~10Kbps is achievable, while satisfying the power consumption requirement of lower- category device (~1µW of peak power consumption)

Observation 11: For backscattering transmitter, it is observed that the analog components for switching the impedance of backscatter signal consume a power of ~0.25 µW to achieve target data rate in order of 10Kbps.

Observation 12: For the higher- category device few hundreds of µW of peak power consumption), more complex receiver architecture are possible with higher power consumption, but with better receiver sensitivity in the range of -90dBm

Proposal 1: For low-complexity backscattering device, following architecture could be considered as a baseline assumption for this study:
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Proposal 2: For the purpose of our evaluations, we can at least consider activation threshold values of { -20dBm, -25dBm}

Proposal 3: For the lower- category device (~1µW of peak power consumption), OOK-based receiver with simple RF envelope detection can be considered as the baseline at least for evaluation purpose

Proposal 4: For the higher- category device few hundreds of µW of peak power consumption), more complex receiver architecture like heterodyne receivers can be considered for evaluation purpose

· However, for PHY design perspective, this should not impact the harmonized design target between lower-category and higher-category device

7.19 China Unicom

Proposal 1：The baseline device architecture includes energy supply module, RF envelope detector, comparator, modulator, decoder/encoder, controller and memory.

Proposal 2：The architecture of device type 2 includes energy supply module, LNA, PA, RF envelope detector, comparator, modulator, decoder/encoder, controller and memory.

7.20 InterDigital

Proposal 1: The Type 1 device architecture is based on an envelope detector receiver and backscattering transmitter.

Proposal 2: Consider the following options for Type 2 device architecture:

· Active transceiver

· Semi-passive transceiver (Type 1 device + amplification)

· Hybrid transceiver

7.21 IIT Kanpur, Indian Institute of Technology Madras (IITM)

Proposal 1: Device Type 1 architecture is based on envelope detector as a receiver and AM modulation based backscattering in Figure 1.

Proposal 2: Device Type 2-A architecture has envelope detection based receiver and AM modulation based backscattering along with amplification capabilities in Figure 2.

Proposal 3: Device Type 2-B architecture has active heterodyne transceiver with signal generation capabilities in Figure 3.

7.22 CEWiT

Observations 1: Consider device complexity and supported functionalities in the architectures of the Ambient IOT devices.

Proposal 1: Support the following architectures for Ambient IoT devices

a) Category 1: Backscattering device

b) Category 2: Backscattering Device with Control Unit

c) category 3: Ambient IoT device capable of signal generation and transmission

Proposal 2: Support to study of functionalities supported by the control unit for Category 2 and 3.

Proposal 3: Support to study of functionalities supported by the transmission unit for Category 3.

7.23 MediaTek

Proposal 1. Study on [3rd] Butterworth LPF's feasibility for Ambient IoT interference or alternative NW interference handling methods.

Proposal 2. Study on multi-band capabilities in A-IoT devices, considering their power limitations and the implications for global deployment due to diverse spectrum regulations.

Proposal 3. Study on UL transmission requirements for an active A-IoT tag, specifically the need to support both backscattering and internal generation, to aid in the development of a harmonized air interface.

7.24 LGE

Proposal 1: For AmIoT receiver architectures, study the following:

· ASK/OOK only receiver

· ASK/OOK + FSK receiver

Proposal 2: For AmIoT (backscatter) transmitter architectures, study the following:

· ASK/OOK only transmitter

· PSK only transmitter

· ASK/OOK + PSK transmitter

Proposal 3: In parallel with the study on generic low-power/low-complexity device architectures, study the characteristics of the following Ambient IoT-specific (sub-)components composing the overall Ambient IoT device architectures:

· Backscatter modulator (in RF front end)

· RF energy harvester (for harvesting energy from RF signals (e.g., dedicated RF signals provided by gNB/IN or existing NR signals/channels))

· Energy storage (for storing energy from RF energy harvester) & power management block

· Memory (e.g., for storing EPC, (temporary) IDs and configuration parameters received from gNB/IN)

7.25 Sequance Communications

No tdoc

7.26 Qualcomm Incorporated

Proposal 1: For study purpose, define device 1, 2a, and 2b as captured in the Table 1.

Proposal 2: Rel-19 A-IoT study purpose, assume that all device types do energy harvesting from RF signal only.

Proposal 3: RAN1 to study RF signal-based energy harvesting in Rel-19 A-IoT SI. 

Proposal 4: RAN1 to capture the high-level device architectures for device 1 shown in above figure and description and further study the details of individual block.

Proposal 5: RAN1 to capture the high-level device architectures for device 2a shown in above figure and description and further study the details of individual block.

Proposal 6: RAN1 to capture the high-level device architectures for device 2b shown in above figure and description and further study the details of individual block.

Proposal 7: Further study the feasibility of single side band (SSB) BL for device 2a in terms of power and complexity.

Proposal 8: RAN1 to study feasibility of large frequency shift from the perspectives of power, complexity, interference, etc.

Proposal 9: RAN1 to study feasibility of BL across multiple devices from the perspectives of power, complexity, interference, etc.

Proposal 10: Further study the feasibility of reflection amplifier for device 2a in terms of power consumption, amplification gain, frequency, sensitivity, etc.

Observation 1: Ultra-low power wake-up receiver power consumption could be as low as nW level with limited sensitivity.

Proposal 11: Consider power detector for Device 1 operation.

Proposal 12: Consider sequence detector for Device 2a/2b.

Observation 2: Sensitivity of Energy harvester is the range of [-35, 30].

Proposal 13: For study purpose, assume that energy harvester and communication share the same antenna and all antennas are time shared at the same time between energy harvesting and communication as option (b) in the Figure 10.

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 3: Roughly speaking, device 2 requires additional 1uF of capacitance to sustain one more round in an inventory process (when Tx power is assumed to be 200uW).

Proposal 15: For evaluation purpose, it is assumed that device 1/2a/2b can support at least following three clocks in Table 10 for sampling/sleep, frequency shifting, carrier frequency generation within their power consumption budget.

Observation 4: Power consumption for reading NVM is reasonably small for all device types.

I don’t undertand why the FL proposal makes it FFS, given the diagrams.
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Why one LO/PLL here, but two in the diagram above?





