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1. Introduction
[bookmark: _Hlk157701875]RAN1 #116b has approved to study three architectures of AIoT device 2b including RF-ED, ZIF and IF-ED receivers. Two key blocks have been discussed and the description in Chair’s notes [1] is given blow:
	Agreement
Further study reflection amplifier for Device 2a, considering following aspects:
· Types of reflection amplifier
· Uni-directional/one-way (for D2R)
· Bi-directional/two-way (for both R2D and D2R)
· FFS: switching loss (if applicable)
· One-way Amplification Gain
· E.g. [10, 15, 25] dB
· Considering stability, operating frequency, and power consumption characteristics
· Bandwidth

Agreement
Further study the feasibility of large frequency shift (large FS, i.e. between DL/UL spectrum of an FDD band) for device 2a considering at least following aspects.
· Power consumption characteristics
· Frequency shift range and granularity
· [bookmark: _Hlk165538273]Image suppression or SSB backscatter for large FS
· IF carrier frequency accuracy
· Harmonics suppression
Note: the necessity (including applicable potential scenarios) of large FS can still be discussed in other agendas of the SI


In this contribution, we firstly discuss how to maximize the extracted power for AIoT devices, and the energy sources. Then, we give several important blocks analysis of receiver and transmitter, like reflection amplifier and frequency shifter. Finally, the Tx modulation has been further analysed in this contribution. 
2. [bookmark: _Hlk157760255]Key blocks for AIoT devices
1. 
2. 
2.1. Uni-directional reflection amplifier
[bookmark: _Hlk162516369]Reflection amplifier used for device 2a can amplify the reflected backscattered signal by achieving the reflection coefficient with larger than 1. RAN 1#116b has agreed two types of reflection amplifier including uni-directional and bi-directional ways. In this subsection, we will analyze the gain/power consumption/switching loss/complexity, and in 3.2, we will give the feasible analysis of bi-directional reflection amplifier. 

Uni-directional reflection amplifiers are characterized by a negative load impedance ZL, and can be amplify the received external CW at the cost of a certain amount of biasing voltages.

Then, the reflection coefficient Γ can be expressed as

Clearly, by properly choosing RA of reflection amplifier, positive gains can be obtained. As we know, the change of RA of reflection amplifier can be achieved by changing the biasing voltages. As shown in figure 1, RFout backscattering signal can be amplified when external CW (RFin) achieving device’s antenna and adjusting the DC biasing voltages [2].
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Fig.1 Block diagram of uni-directional reflection amplifier using tunnel diode

The performance comparison of different uni-directional reflection amplifier has been concluded as blow [3],
Table I. The performance comparison of different uni-directional reflection amplifier
	Type
	Substrate/
Technology
	Stability
	Power Consumption (mW)
	Gain （dB）
	Frequency (GHz)

	Tunnel diode
	GaAs
	Poor
	0.2
	17
	0.89

	Tunnel diode
	GaAs
	Poor
	0.178
	13
	0.915

	Tunnel diode
	GaAs
	Poor
	0.144
	20
	0.83

	Bipolar transistor
	Si
	Good
	0.325
	10
	0.92

	Bipolar transistor
	Inkjet-printing
	Good
	0.605
	25
	0.91



Here, we will further discuss the stability of uni-directional reflection amplifier. Stability conditions could be considered by assessing the overall stability of device’s circuit, including input impedance, extracted CW power at device side, CW center frequency range, substrate selection, etc. As shown in figure 2, the input impedance will change with the change of environmental conditions, center frequency of external CW and extracted CW power at device side [3]. In addition, different substrate for different type, e.g., tunnel diode and transistor, will impact on stability. By analyzing references, we discover transistor as reflection amplifier has a more stable performance.
[image: ]
Fig.2 Measured input reflection coefficient with different input power and different center frequency

According to table I, we conclude some characteristics of uni-directional reflection amplifier as follows,
· Tunnel diode has the advantage of low-power, e.g., <200μW. However, there are some disadvantages of instability and high cost.
· Transistor has some advantages like high stability and right cost. However, the power consumption is larger than that of tunnel diode, e.g., a few hundred uW.

Observation 1: 
· The gain of reflection amplifier is related to power consumption, amplifier type, substrate, etc.
· The gain of reflection amplifier can be considered within 10~25dB with different power consumption.
Observation 2: There is no any discover about the impact of bandwidth on the performance of reflection amplifier.
Observation 3: Stability conditions could be considered by assessing the overall stability of device’s circuit, including input impedance, extracted CW power at device side, CW center frequency range, substrate selection, etc.
Observation 4: Tunnel diode and transistor has different advantages and disadvantages.

Proposal 1: The gain of reflection amplifier can be set within 10~25dB for the center frequency range of 830MHz ~ 920MHz, and power consumption can be set within 100uW~600uW for the center frequency range of 830MHz ~ 920MHz.
Proposal 2: Discuss stability by assessing the change of input impedance, extracted CW power at device side, substrate selection of device, etc. 
Proposal 3: Clarify the necessity of considering the impact of bandwidth on reflection amplifier.
2.2. Bi-directional reflection amplifier
There are two types of bidirectional amplifiers: half-duplex and full-duplex [4]. Half-duplex bidirectional amplifiers amplify the input signal in one direction each time. They can be implemented using a unilateral amplifier in each direction and selecting the path by RF switches or transistor network configuration. Full-duplex bidirectional amplifiers, on the contrary, amplify the incoming signal in both directions simultaneously to improve the amplifying gain.

Observation 5: Bi-directional reflection amplifier is not used for device’s Rx amplifying, rather than for only device’s Tx amplifying. Thus, there is no any LNA functionality for bi-directional reflection amplifier.
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Fig. 3 Configuration of bi-directional reflection amplifier
As shown in figure 3, it contains two identical reflection-type amplifiers (e.g., tunnel diode) and a 3-dB 90 hybrid. The amplifiers are separately connected to ports 2 and 3 of the hybrid. The other two ports (ports 1 and 4) of the hybrid serve as the input/output (I/O) ports of the bi-directional amplifier [4][5]. The bidirectional amplifier amplifies the signal coming from both port 1 and port 4 simultaneously with gain G. Thus, it is more complexity than uni-directional reflection amplifier. We have summarized the performance comparison of different bi-directional reflection amplifiers as shown in Table II.

Table II. The performance comparison of different bi-directional reflection amplifier
	Technique
	Gain (dB)
	Return loss (dB)
	Power Consumption (mW)
	Frequency
(GHz)

	Two transistor-based reflection amplifiers
	8.1
	10
	--
	6.2

	Two identical unilateral amplifiers and two RF circulators
	8
	--
	750
	2.4

	Two tunnel diode-based reflection amplifiers
	9
	22
	356
	0.9



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

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

Proposal 4: Down select bi-directional reflection amplifier, because there is no LNA functionality, and it has higher complexity (two reflection amplifier needed) and higher return loss than uni-directional reflection amplifier, and the rang of gain is less than 10dB.
2.3. Small Frequency shifter based on MCU/chip
When device toggles the RF switch at a small frequency, it essentially uses a square wave (ON-OFF baseband waveform) to modulate the received external CW, this is basically a multiplication operation.

Special modulation like OOK or BPSK needs to use RF switch to control the selection of different impedances, then frequency shifting will be generated when switching different impedances. As shown in figure 4, RF switch to achieve frequency shifting will be controlled by ON-OFF baseband waveform generated by chip or MCU at device side, which is a high-power consumption active component. If frequency shifting is less than 1MHz, power consumption will less than 900uW if MCU/chip controls RF switch [6]. However, the power consumption will be increased with the increase of data rate or switching rate if MCU/chip controls RF switch, and it is not suitable for large frequency shifting.


Fig.4 small frequency shifting using RF switch
Observation 8: 
· The frequency of ON-OFF baseband waveform can be controlled by MCU or chip at device side.
· If frequency shifting is less than 1MHz, power consumption will less than 900uW if MCU/chip controls RF switch.
· The power consumption will be increased with the increase of data rate or switching rate if MCU/chip controls RF switch, and it is not suitable for large frequency shifting.

Proposal 5: RF switching controlled by MCU/chip can be considered to achieve small frequency shifting.
Proposal 6: Small frequency shift range should be set less than 1MHz as baseline, and power consumption is up to 900uW @1MHz frequency shifting if RF switching controlled by MCU/chip.
2.4. Large Frequency shifter based on extra oscillator
RAN 1 #116 has agreed several cases to discuss inside or outside CW configurated spectrum for D2R backscattering, including topology 1 and topology 2. From the FL summary in agenda 9.4.2.4, we discover that the D2R spectrum is same as CW spectrum whatever topology 1 or 2. Large frequency shifter can be used to shift the spectrum from one spectrum (e.g., DL spectrum) to another spectrum (e.g., UL spectrum), which can avoid self-interference or cross-link interference, and reduce the full-duplex capability of gNB and UE. 

As discussed in subsection 2.3, when frequency shift is more than 1MHz, we think it is a large frequency shifting. If RF switching controlled by MCU/chip is used for large frequency shift, power consumption will be more than 1mW. 

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

We think ring oscillator or patch oscillator may be the potential blocks for large frequency shifter with limited power consumption. A ring oscillator consists of three or more odd numbered NOT gates, with the output and input terminals connected end-to-end. The performance comparison of different oscillator is shown in Table III.

Table II. The performance comparison of different extra oscillators as large frequency shifter
	Oscillator types
	Subtract or technology  
	Frequency shift range (MHz)
	Power consumption 

	Ring oscillator [7]
	90nm CMOS
	5.12
	 24nW

	Ring oscillator [8]
	three-stage current-starved
	6.81
	422nW

	Patch oscillator [9]
	Cermet
	8-70
	100uW




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

Proposal 7: The range of large frequency shifter can be set within 1-70MHz to meet the power consumption requirement by using extra oscillator.
Proposal 8: The power consumption of extra oscillator to achieve large frequency shift can be set within 10nW-100uW.

2.5. Image suppression or SSB backscatter for large frequency shift
In subsection, we proposal the range of large frequency shifter can be set within 1-70MHz. Here, we discuss two types of image suppression methods according to different frequency shift.

After detecting the R2D signal, device shifts the external CW by specific frequency to convey backscatter bits. As shown in figure 5, the frequency shifting process generate two copies (lower and upper sidebands) of the backscatter signal [10]. The backscatter signal together with the external CW are received at the reader. Assume the maximum shifting frequency is 10MHz, the maximum frequency of the received hybrid signal may be in larger than 20MHz transmission bandwidth. If one sideband is not needed, RF BPF will be used for filtering this sideband signal at reader. 

If image signal is not suppressed with large FS, it may impact on the RAN 4 regulation of NR UE, e.g., spurious emission. Thus, we think the necessity of studying image suppression for large FS, e.g., FS>20MHz. 

[image: ]
Figure 5 Backscatter illustration with dual-band signal
 
For large frequency shift, two methods can be considered for image suppression under different range of large FS
· [bookmark: _Hlk165541148]FS is within [1MHz~20MHz], extra blocks may be used for image suppression. Here, the setting of 20MHz is decided the bandwidth of RF filter at reader side. [11] gives a method with low power consumption to suppress image components. 
[image: ]
Figure 6 Image suppression design
The key idea is that device receives external CW signal from reader or CW node and then splits it into two copies on two paths. Both copies pass through the on-off keying (square wave multiplier) on each path, and as a result, it creates double side-band signal on each path. Then the signal on one path has a negative copy on the one image and has the same copy on the other image. Then, when the signals are added from the two paths together, the signal on one image can be eliminated and the signal on the other image can be increased.

· FS is more than [20MHz], RF BPF can be used for image suppression. Here, the setting of 20MHz is decided the bandwidth of RF filter at reader side. 


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

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

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

2.6. Harmonics suppression
It is assumed that the received external CW wave is a one-tone signal with a frequency of f0, 


Here the magnitude is normalized to unity, and the initial phase is set to be 0. As shown in figure 4, when the switch is toggling between open and short at a constant frequency of fbs, the resulting reflection coefficient Γ at the interface between the tag antenna and the loads can be represented as a square wave. Reflection coefficient Γ can be expressed by a series of sine items based on Fourier series

Thus, the D2R signal can be expressed as

Here, we can discover there are some harmonics at both side of frequency of f0 based on above equation. The backscatter signal Sbs in above equation contains undesired first order image signal, e.g., at the frequency of f0 − fbs (assuming f0+fbs is the desired frequency component), and higher order harmonics at the frequencies of f0 ±nfbs(n = 3, 5, . . .) [12].

By calculating, we discover the power of image signal is 3.9dB smaller than received CW power (RSRP at device),
and the power of 3rd and 5th harmonic signal are 9.5dB and 14dB than received CW power at device [12]. Thus,
we can assess the impact of harmonic on NR UE by these reference values. 

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

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

Two methods can be considered to suppress harmonic components:
· Method 1: multi-levels 



Figure 7 New baseband waveform with multi-levels

The impedances of the device loads can only be selected from a limited number of discrete real values, only a subsets of higher order harmonics can be suppressed or cancelled out [12]. As shown in figure 7, original waveform has two only level, namely ON-OFF baseband waveform, which introduces harmonic components as analyzing above. If different impedances can be used to achieve multi-levels waveform (e.g., 4-levels), the harmonic power will be reduced. 

· Method 2: Pulse shaping


Figure 8 New baseband waveform with pulse shaping
When OOK/BPSK is considered at device side to modulate the D2R signal, discrete impedances are considered to achieve it. Expect for discrete modulation, continuous modulation using active components like diode or transistor can achieve pulse shaping, which can reduce the harmonic power. In addition, Gauss filter maybe can be used for pulse shaping before Tx modulation.

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

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

2.7. Selectivity
RF BPF and BB LPF have been agreed with the receiver architectures for device 1 and device 2a in RAN 1#116. RF BPF is used for improving selectivity and BB LPF is used for filtering out harmonics and high frequency components. As we know, RF BPF and BB LPF will not be considered for the transmitter architecture of device 1 and device 2a because of the characteristic of reflection signal based on external CW.

For device 2b, RF/IF/ZIF-ED receiver architecture of device 2b have been agreed in RAN 1#116b. Taking RF-ED receiver architecture as a example, the description of agreement is listed as blow 
	Agreement
Study device 2b architecture w/ RF-ED receiver with following blocks.
· Transmission related blocks
· Tx Modulator: baseband bits are modulated according to modulation scheme. This block could be the part of BB logic.
· Digital to Analog Converter (DAC) converts digital signal to analog signal.
· Low pass filter for filtering out undesired signal
· Mixer performs up converting baseband signal to RF range.
· Local oscillator (LO) for carrier frequency generation
· FFS: PLL/FLL
· FFS: Power amplifier (PA) amplifies tx signal, if present
· Details on transmitter related blocks depends on tx waveform/modulation.
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· One problem is about the bandwidth and filter order based on ACS requirement of RAN 4.
The passband bandwidth Bpass, R2D and filter order should be suitable for the defined transmission bandwidth Btx,R2D and occupied bandwidth BOCC,R2D, e.g., BOCC,R2D >= Bpass, R2D >= Btx,R2D (filter 1) or Bpass, R2D >= BOCC,R2D >= Btx,R2D (filter 2) as shown in fig.9.


Fig. 9 Filter configuration for AIoT device 
In addition, filter can be used for extracting different R2D signal being simultaneously sent in adjacent channels, which seems FDM(A) is suitable for AIoT R2D multiple access if filter bandwidth adjustable. However, we think RF filter with adjustable bandwidth is difficult to be configurated for AIoT device 1/2a/2b. In addition, the passband bandwidth of analog filter cannot be ultra-narrow to filter the wanted signal for each device. Thus, the FDM(A) should not be considered for AIoT R2D multiple access.

Observation 14: RF filter with adjustable bandwidth and narrowband filter (e.g., <1MHz) is difficult to be configurated for AIoT device 1/2a/2b, thus, FDM(A) should not be supported in DL random access.

· Another problem is whether considering Tx RF filter after PA for device 2b.
If wideband or multi-single tone waveform can be considered for device 2b transmission, we think 3rd components will be generated after PA as an intermodulation interference due the non-liner characteristic of PA. This intermodulation interference may impact on NR UE, e.g., -36dBm is an absolute power threshold for spurious emission of NR UE based on the requirement of TS 38.101, and 3rd intermodulation interference from device 2b transmitter may larger than that of power threshold, which may interfere NR UE’s spurious emission. In addition, phase noise from device 2b transmitter is needed to be considered whether impacts NR UE. Thus, RF BPF is needed to control 3rd intermodulation interference after PA to meet the ACLR or others RF requirements of NR.


Fig. 10 Intermodulation interference and phase noise at device 2b side 

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

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

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

2.8. Memory
RAN 1#116 has agreed the memory function, which is given blow
	Agreement
· Device 1 architecture
· 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.
· Device 2a architecture
· 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.



The same description can be discovered in device 1 and device 2a. As we know, device memory includes a volatile and non-volatile memory. Random access memory (RAM) is clarified as volatile memory, which needs to remain turning on. NVM is supported to achieve device ID storage when the device is turned off. Traditionally, NVM with the memory of a few hundred bits ~ a few kilobits need less than 1 uW power. Device 1 and device 2a have different memory ability to achieve data storage including device ID, temporary ID and local ID. 
In addition, the ability of register for temporarily keeping any information required for its operation may be different for device 1 and device 2a. For example, the storage ability of buffering data like temporary ID (e.g., PLMN)/local ID (e.g., RN 16) is less than 50 bits for device 1 and more than 100bits for device 2a.
For device 2b, volatile with larger memory ability or NVM could be supported for storing device ID or temporary ID.

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

Proposal 15: Discuss different memory ability including fixed data and buffering data for device 1/2a/2b. For device 2b, volatile with larger memory ability or NVM could be supported for storing device ID or temporary ID.

2.9. Tx modulation architecture
In RAN 1#116 b, three potential modulation schemes have been discussed and chair’s note in 9.4.2.1 has given this description
	Agreement
Study for all devices the following for D2R baseband modulation, for potential down-selection:
· OOK
· Binary PSK
· Binary FSK
· Strive to identify one variant of Binary FSK to study further



In [13], three Tx modulation architectures and the comparison results have been given, and we conclude as below,  
	Architecture
· OOK 


· BPSK


· 2FSK
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The comparison of three different modulations
	Modulation architectures
	Power consumption
	Modulation schemes
	Return
Loss (dB) 
	Modulation complexity
	Phase
robustness

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

	BPSK
	<1µW
	Load modulation
	~5dB
	good
	poor

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






Many companies have agreed OOK as one of Tx modulation. In this contribution, we mainly analyze the necessity of BPSK and 2FSK as Tx modulation/waveform. 
· For BPSK, only two loads are needed for modulation, and it has another advantage that power delivered to device is approximately independent of modulation state and can simplify PMU. This means that the magnitude of reflection coefficient should be the same for bit 1 or bit 0. Two modulation ways can be discovered as blow
· Open-path load and short-path load
· Changing the imaginary of the loads
Regardless of above achieving methods, low power consumption and low complexity all can be concluded, and the same return loss as OOK can be discovered. To receive and extra backscatter signal more easily in reader end, the modulation angle should be as much as possible 180 degree in ideal.
In addition, as shown in figure 11, higher SINR can be observed in BPSK by Miller encoding, which may have the impact on coverage evaluation. 
[image: ]
Fig.11 Miller encoded with BPSK
Thus, we think BPSK should be supported for future research and discussion.

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

· For FSK, frequency changing for different bit should be supported to change the frequency of reflection coefficient. Two modulation ways can be discovered as below
· Same load and different switching rate
· variable capacitor with frequency modulation
  Adjusting the capacitance of variable capacitor can change the response frequency of the circuit, which can realize the 2FSK. FSK has better BER performance than ASK. However, for above two achieving methods, large power consumption and large return loss may be generated. In addition, when frequency changing is small, e.g., ~kHz, the aliasing between different bit information will generate, which is a challenge for D2R bandwidth. Thus, 2FSK should not be supported for device 1 and device 2a.

Proposal 17: 2FSK should not be supported for device 1 and device 2a because of the larger power consumption, larger return loss and possible aliasing phenomena.
3. Energy storage aspects 
3.1. Extracted Power Maximization
The input impedance of the harvester like rectifier may be changed if environment parameters changed. Thus, the input impedance of the harvester needs to match the impedance of receiver antenna to maximize the extracted power. Power management unit (PMU) may change the input impedance of harvest by controlling the matching network. However, adjusting the impedance by matching network is so difficult for device 1 and 2a. If PMU can perform maximum power point tracking (MPPT), then the input impedance of the harvest could be changed to apply for the matching scheme [14]. 

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

As shown in Fig.1, assuming 30dBm transmission power, 6dBi antenna gain and 20% RF-DC conversion efficiency, the distance between reader and AIoT devices and the center frequency of CW are the import impact on energy storage efficiency [15]. It can be observed that the received power has been reduced to below 10uW when distance>20m at 910MHz. If the communication range of AIoT device is less than 20m, the storied energy may be used for communication at one period time. However, the failure communication will generate when the distance is increased (20% RF-DC conversion efficiency). Thus, the configuration of inside/outside CW node including CW frequency/bandwidth/space distance for different AIoT device types needs to be considered. 

Observation 17: The received power for AIoT device will reduce to below 10uW when distance>20m at 910MHz.
Proposal 19: The configuration of inside/outside CW node including CW frequency/bandwidth/space distance for different AIoT device types needs to be considered. 
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Fig. 1 The change of received power for AIoT devices under different distance and CW frequency 
3.2. Energy Sources
Different energy sources with different power density also impact on the energy storage efficiency of AIoT devices [13]. The higher power density for solar and mechanical vibration can be discovered from Table.I. RF energy source has lower power density but more available anywhere. Other energy sources like solar and thermal need morehigher cost for AIoT device. RAN 1#116 has agreed the energy harvester as the block getting energy, but there is different description for device 1 and device 2a:
	Agreement
· Device 1 architecture
· 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.
· Device 2a architecture
· Energy harvester.
· Energy storage (e.g., capacitor) stores harvested energy from energy harvester.


It can be observed RF energy source at least is supported for device 1 and no any definition for device 2a. As we know, device 2a/2b may support higher capacity harvester, which at least needs the energy source with more higher power density in some specific scenarios. As a result, we think RF energy is necessary for device 1/2a/2b, and solar/thermal/vibration should be considered for device 2a/2b.
Table. I The comparison of different energy source [15]
[image: ]
Observation 18: It can be observed RF energy source at least is supported for device 1 and no any definition for device 2a.
Proposal 20: RF energy is necessary for device 1/2a/2b, and solar/thermal/vibration could be considered for device 2a/2b.
4. Conclusion
In this contribution, we provide our views on the design considerations on key modules and the AIoT architectures which potentially meet the design targets. The observations and proposals are listed as below
Observation 1: 
The gain of reflection amplifier is related to power consumption, amplifier type, substrate, etc.
The gain of reflection amplifier can be considered within 10~25dB with different power consumption.

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

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

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

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

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

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

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

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

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

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

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

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

Observation 14: RF filter with adjustable bandwidth and narrowband filter (e.g., <1MHz) is difficult to be configurated for AIoT device 1/2a/2b, thus, FDM(A) should not be supported in DL random access.

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

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

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

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


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

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

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

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

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

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

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

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

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

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

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

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

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

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

Proposal 15: Discuss different memory ability including fixed data and buffering data for device 1/2a/2b. For device 2b, volatile with larger memory ability or NVM could be supported for storing device ID or temporary ID.

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

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

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

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

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