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1 Introduction
[bookmark: _Hlk162442061][bookmark: _Hlk127258902]It is envisaged that the number of connected devices will reach ~500 billion by 2030, which is about ~59 times larger than the expected world population (~8.5 billion) by that time [1]. Among these, a large portion of the devices will be Internet-of-Things (IoT) devices for improving productivity and increasing comforts of life. As the number of IoT devices grows exponentially, it may be challenging to power all the IoT devices by battery that needs to be replaced or recharged manually, which leads to high maintenance cost. The automation and digitalization of various industries demand new IoT technologies of supporting devices with energy storage that does not need to be replaced or recharged manually [2]. Such types of devices are collectively termed as an ambient IoT (A-IoT) device, which can be powered by various renewable energy sources such as radio waves, light, motion, or heat, etc. Possible use cases of A-IoT include asset inventory/tracking and remote environmental monitoring [3]. 
In RAN1 #116, the following agreements were made regarding device architectures [4]: 
	
Agreement
For the purpose of the study, RAN1 uses the following terminologies:
· Device 1: ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
· Device 2a: ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
· Device 2b: ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission is generated internally by the device.

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.




Agreement
Study at least following blocks for device 2a architecture w/ RF-ED receiver.
· Antenna could be either shared or separate for RF energy harvester (if present) and receiver/transmitter.
· Matching network is to match impedance between antenna and other components (including RF energy harvester (if present) and receiver related blocks).
· Energy harvester.
· Energy storage (e.g., capacitor) stores harvested energy from energy harvester.
· Power management unit (PMU) manages storing energy to energy storage from energy harvester and suppling power to active component blocks which needs power supply.
· Digital BB logic includes functional blocks like encoder, decoder, controller, etc.
· Memory can include two types of memory: 1) Non-Volatile Memory (NVM) such as EEPROM for permanently storing device ID, etc, and 2) registers for temporarily keeping any information required for its operation only while energy is available in energy storage.
· Clock generator provides required clock signal(s).
· 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 envelope detector (RF-ED) detects envelope from RF signal.
· BB amplifier amplifies BB signal to improve signal strength.
· BB LPF can filter out harmonics and high frequency components to improve input signal quality to comparator/ADC.
· Depending on implementation, it may not exist.
· Comparator or N-bit ADC
· Transmission related blocks
· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics.
· 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).




In this contribution, we present our views on the architectures for the remaining device types and discuss related issues for each device type.    
2 Device architectures and related aspects
1 
2 
[bookmark: _Ref158295985][bookmark: _Hlk142411003][bookmark: _Ref142605378]Device 1
Figure 1 below illustrates the Device 1 architecture according to the agreement.  
[image: ]
[bookmark: _Ref162342212][bookmark: _Ref162342207]Figure 1 Device 1 architecture

In our view, the device 1 architecture is fairly stable. In the following, we discuss remaining issues related to the device 1 architecture. 
Energy harvesting module:
In RAN #103 [5], it was clarified that a study of energy harvesting signal/waveform design is out of the SI scope, while the potential impact of energy harvesting on device availability for transmission and reception procedures can be considered for the study. 
Observation 1: A study of energy harvesting signal/waveform design is out of the SI scope as it was clarified in RAN #103.
The potential impact of energy harvesting on device availability for transmission and reception procedures may imply that it needs to take into account that there are devices having sufficient power for communication versus not. In our understanding, it does not stretch to define and calculate charging time or device duty cycles, which is either meaningless or infeasible as different RF energy harvesting modules have different activation threshold, maximum generation power, and conversion rate. Also, the power depletion rate will be different depending on the device design. In addition, different vendors may utilize different renewable energy sources as necessary. 
Observation 2: Defining or calculating a charging time or device duty cycle is either meaningless or infeasible.
Proposal 1: Clarify that defining or calculating a charging time or device duty cycle is out of RAN1 study scope. 
Regarding the sensitivity of RF energy harvesting, we expect that the values reported by companies will have a wide range, as it depends on the assumption on the size of energy storage, etc. The RF energy harvesting sensitivity may be discussed in agenda item 9.4.1.1 for the purpose of performance evaluation, while a specific RF energy harvesting threshold should not be captured in the architecture section of the TR. Therefore, we discourage discussing it in this agenda item.        
Frequency band options:
Device 1 does not assume the use of a frequency shifter as illustrated in Figure 1. Therefore, the CW shall be directly provisioned at the backscattering frequency, which can be either DL spectrum or UL spectrum of FDD spectrum. In the case of DL spectrum, a certain regional regulation may prohibit a device to backscatter on DL spectrum. Also, the device shall be agnostic to the deployment scenario/topology.
Proposal 2: At least for device 1, the CW shall be directly provisioned at the backscattering frequency regardless of deployment scenarios or topologies. 
Antenna: 
In RAN1 #116, there was a discussion on whether a single common antenna or separate antennas for the purposes of communication and RF energy harvesting shall be assumed, due to potentially different antenna Q factor requirements [6]. 	In our understanding, it is evidenced from current implementations that a single antenna for both communication and RF energy harvesting is feasible. Furthermore, considering the low-cost and low-complexity requirements, single antenna shall be assumed as a baseline. 
Observation 3: It is evidenced from current implementations that a single antenna for both communication and RF energy harvesting is feasible.
Proposal 3: RAN1 study to assume a single antenna for both communication and RF energy harvesting. 
On the other hand, we note that having separate antennas for communication and RF energy harvesting is not precluded and it is a possible implementation choice. 
Other parameters such as receiver sensitivity and initial SFO shall be discussed in agenda item 9.4.1.1 for performance evaluation purpose only. TR does not need to capture values specific to a particular implementation in the device architecture section. 

Device 2a
Figure 2 below illustrates Device 2a architecture with RF-ED according to the agreement.  
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[bookmark: _Ref162349536]Figure 2 Device 2a architecture with RF-ED receiver 

There are several aspects that needs to be discussed for Device 2a as below. 
Other architectures for device 2a: 
In RAN1 #116, device 2a architecture with heterodyne receiver, i.e., IF-ED, and that with homodyne receiver, i.e., baseband detection, were also captured in the FL summary [6]. Given that device 2a is still based on a backscatter transmitter, which does not require LO and frequency mixer, it does not appeal much to commercialize the device 2a with heterodyne or homodyne receivers by adding LO and frequency mixer only for the transmitter chain, in terms of the device cost and use cases. 
Observation 4: It does not appeal much to commercialize device 2a with heterodyne or homodyne receivers by adding LO and frequency mixer only for the transmitter chain, in terms of the device cost and use cases.
In this regard, we suggest to deprioritize device 2a with heterodyne or homodyne receivers and focus on studying architectures having potential commercialization impact. 
Proposal 4: RAN1 study to prioritize device 2a with RF-ED and deprioritize other receiver architectures, i.e., IF-ED or baseband detection.         
Reflection amplifier:
In RAN1 #116, there was a discussion on whether a reflection amplifier can be used only for backscattering, i.e., one-way amplification, or it can be also used for receiving, i.e., two-way amplification. In [7], it was reported that two-way amplification using a reflection amplifier is possible and the achievable gain is about 11.5 dB in both directions. Therefore, approximately 10 dB gain can be possible. The feasibility of two-way reflection amplifier for a commercial product may require further checking and may be inconclusive as it may be dependent on each vendor. For RAN1 study purpose, both possibilities can be considered in order not to limit possible implementations one way or the other. 
Proposal 5: For RAN1 study purpose, both possibilities of reflection amplifier, i.e., one-way amplification for transmission and two-way amplification for both transmission and reception, can be assumed. 
Frequency shifter:
In high level, we think that a frequency shifter for device 2a is feasible using low-power LO options as demonstrated in the literatures [8], [9]. However, eventually, the need of a frequency shifter is subject to each operator’s deployment plan which may be further dependent on regional regulations and other factors. In one example deployment scenario, the CW is transmitted on a DL spectrum due to, e.g., operator’s spectrum usage planning, regional regulations, or for higher CW transmission power, while the backscatter transmission is on UL spectrum. In another example deployment scenario, both the CW and backscatter transmissions occur on the same DL or UL spectrum, e.g., to reduce the device manufacturing cost and/or power consumption by reducing the number of active components. 
Observation 5: The need of a frequency shifter is subject to each operator’s deployment plan which may be further dependent on regional regulations and other factors.
For RAN1 study purpose, both options of having or not having frequency shifters for device 2a can be considered, as it is eventually an operator’s choice. 
Proposal 6: For device 2a, RAN1 study to assume both scenarios in which a frequency shifter is present and absent to leave the choice to each operator according to their deployment preference. 
When a frequency shifter is assumed, it is noted that additional active components need to be taken into account when calculating the total power consumption of the device. To meet the requirement of large frequency shifter, i.e., to shift duplex gap of a few tens of MHz, a high speed oscillator would be needed. Therefore, it usually consumes milliwatts of power. To reduce the power consumption, a non-conventional simplified oscillator design may be used at the cost of a reduced accuracy. As an example, in [10], the authors have demonstrated a low-power ring oscillator-based clock generator to shift the frequency for the backscatter link, and the power consumption is around tens of micro-watts (e.g., 45µW). Although the power consumption is relatively low by using ring oscillator, frequency shifter still occupies a large proportion of the target power consumption. In addition, when frequency is shifted, there is additional need for image rejection filtering.  
Observation 6: When a frequency shifter is assumed, an additional power consumption and an image rejection filter need to be considered.
Energy harvesting module:
In RAN1 #116, it was extensively discussed whether an RF energy harvester can generate sufficient energy to power device 2a, which consumes a few hundred µW peak power. To this end, it was agreed to assume a general energy harvester module rather than RF energy harvester for device 2a, while not precluding a distinct RF energy harvesting module. When a general energy harvester is assumed, it is difficult to formulate the charging time and device on-durations, unless RAN1 investigates each and every specific renewable energy sources. Therefore, from RAN1 study point of view, it is preferable to assume that a device has a sufficient power to communicate. Otherwise, the device will communicate when it has a sufficient power to communicate. The same goes to device 1 with RF energy harvester, i.e., no special handling is necessary.
Observation 7: It is either unnecessary or infeasible to formulate a charging time or duty cycle of a device, unless each and every specific renewable energy sources are investigated.
Proposal 7: From RAN1 study point of view, it is assumed that a device has a sufficient power to communicate. 
[bookmark: _Hlk158919461]Other parameters such as receiver sensitivity for device 2a and the initial SFO can be discussed in agenda item 9.4.1.1 for performance evaluation purpose only. TR does not need to capture values specific to a particular implementation in the device architecture section. 

Device 2b
Figure 3 below illustrates Device 2b with RF-ED receiver architecture.  
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[bookmark: _Ref162384299][bookmark: _Ref162507609]Figure 3 Device 2b architecture with RF-ED receiver 

In device 2b, the transmission signal is internally generated by converting a baseband modulated signal into an analog signal using digital to analog converter (DAC) and, then up-converting into a carrier frequency using LO and frequency mixer. When compared to device 2a architecture, additional power consumption of device 2b comes from LO and mixer in the transmitter RF chain. The choice of the LO is one of the major factors that determines the total power consumption. 	Lower power consumption can be achieved by relaxing the accuracy and the stability of the LO (e.g., 50~100 μW). However, an increased frequency offset and phase noise need to be taken into account.
In Figure 3, the receiver architecture is based on RF-ED. RF-ED has a merit in terms of its simplicity and thereby low-cost and low-complexity implementation. Therefore, we are supportive of studying device 2b with RF-ED receiver architecture. 
Proposal 8: Study device 2b architecture based on RF-ED as described in Figure 3.  
On the other hand, given that LO is required for device 2b transmitter chain, it is beneficial to reuse the LO at no additional cost for receiver chain to improve the receiver sensitivity. In this regard, device 2b architecture based on heterodyne receiver, i.e., IF-ED, and homodyne receiver, i.e., baseband detection, can be considered as illustrated in Figure 4 and Figure 5 below, respectively. 

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


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

In the heterodyne architecture, the RF signal is down-converted into an intermediate frequency and then demodulated using an envelope detector. In the homodyne/zero-IF architecture, the RF signal is directly down converted into a baseband signal and then demodulated using an envelope detector. The two different receiver architectures need to be compared in terms of the implementation complexity/cost and the achievable benefits. It is also important to check if there is any interest from commercialization point of view.
Observation 8: Device 2b architectures with IF and BB envelop detection need to be compared in terms of the implementation complexity/cost and the achievable benefits.  
[bookmark: _Hlk158919482]Proposal 9: RAN1 to study device 2b architecture based on IF and BB detection in terms of the implementation complexity/cost and the achievable benefits. 

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