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1. Introduction
[bookmark: _Hlk157701875]RAN1 #116 has approved to study three types of AIoT device and the description in Chair’s notes [1] is given blow:
	· 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.


In addition, the architectures of device 1 and device 2a have been approved at RAN1 #116.
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 based on [2] and [3], like envelope detector, filter in device 1 & 2a/2b, reflection amplifier and frequency shifter in device 2a. Meanwhile, we also give the performance comparison of different UL modulation. Finally, we give the possible architecture about device 2b and device 3. 
2. Energy storage aspects 
2.1. 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 [4]. 

Proposal 1: 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 [5]. 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 1: The received power for AIoT device will reduce to below 10uW when distance>20m at 910MHz.
Proposal 2: The configuration of inside/outside CW node including CW frequency/bandwidth/space distance for different AIoT device types needs to be considered. 
[image: ]
Fig. 1 The change of received power for AIoT devices under different distance and CW frequency 
2.2. Energy Sources
Different energy sources with different power density also impact on the energy storage efficiency of AIoT devices [2]. 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 [5]
[image: ]
Observation 2: It can be observed RF energy source at least is supported for device 1 and no any definition for device 2a.
Proposal 3: RF energy is necessary for device 1/2a/2b, and solar/thermal/vibration could be considered for device 2a/2b.
3. [bookmark: _Hlk157760255]Key blocks for AIoT devices
1. 
2. 
3. 
3.1. Envelop detection
RAN 1# 116 has agreed RF envelop detector (RF-ED) to detect the envelop from received RF signal for device 1 and device 2a. In this subsection, we will discuss whether the IF and ZIF envelop detection can be used for device 2b.

As shown in Fig.2, RF-ED is considered for device 1 and 2a due to the low power consumption and complexity. For device 2a, the LNA and baseband AMP are optional for device 2a, it is decided by the power consumption and complexity. 


Fig. 2 RF envelop detection for device 1 and 2a
For device 2b, RF-ED can be used for signal detection and support LNA/N bit ADC, which is similar the receiver architecture of device 2a. Also, many companies have been issued their IF/ZIF-ED schemes for device 2b [2][3]. As shown in fig.3 and fig.4 [6], IF/ZIF-ED should also be considered for device 2b because of its higher ability than device 1 and device 2a. 


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

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

Proposal 4: For the receiver architecture of device 2b, RF-ED, IF-ED, ZIF-ED can be considered.
3.2. Filter
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 BPF, IF BPF/LPF and BB BPF/LPF also can be considered for RF/IF/ZIF-ED receiver architecture of device 2b. If IF-ED is used for receiver architecture of device 2b, RF/IF/BB filter should be considered. If RF-ED/ZIF-ED is used for receiver architecture of device 2b, RF/ BB filter should be considered. 
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.4.


Fig. 4 Filter configuration for AIoT device 

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

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

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

Proposal 7: RF filter with adjustable bandwidth 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.
3.3. 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 5 Device 1 and device 2a have different memory ability to achieve data storage including device ID, temporary ID and local ID. 

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

3.4. Reflection Amplifier for device 2a
[bookmark: _Hlk162516369]Reflection amplifier can amplify the reflected backscattered signal by achieving the reflection coefficient with larger than 1. The performance comparison of different reflection amplifier has been concluded as blow [2][7],
Table II. The performance comparison of different reflection amplifier
	Type
	Substrate
	DC Bias power (mW)
	Gain （dB）
	Frequency (GHz)

	Tunnel diode
	Ge
	0.04
	30~40
	5.8

	Tunnel diode
	GaAs
	0.178~0.2
	10~25
	0.9

	Bipolar transistor
	Si
	0.325
	10
	0.92

	MESFET
	--
	0.12
	22.3
	4

	pHEMT
	GaAs
	6.3
	11.5
	5.8



According to table II, we conclude some characteristics of reflection amplifier as follows [2],
· Tunnel diode has the advantage of low-power, e.g., <100μW, and the gain is the range of 10-40dB. However, there are some disadvantages of instability and high cost.
· Bipolar transistor has the advantage of high stability and right cost, and the power consumption is within a few hundred uW.

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

Proposal 9: The gain of reflection amplifier can be set within 10~25dB for 900MHz center frequency.
3.5. Frequency shifter for device 2a
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 [8], we discover that the D2R spectrum is same as CW spectrum whatever topology 1 or 2. Frequency shifting by device 2a shifter from one spectrum (e.g., DL spectrum) to another spectrum (e.g., UL spectrum) can avoid self-interference or cross-link interference, and reduce the full-duplex ability of gNB and UE. Thus, D2R spectrum based on the agreement CW spectrum needs to be further discussed if frequency shifter is used for device 2a. We will further discuss this point in 9.4.2.4.

Observation 7: From the FL summary in 9.4.2.4, we discover that the D2R spectrum is same as CW spectrum whatever topology 1 or 2 in last discussion. 
Proposal 10: Further discuss the D2R spectrum based on the agreed CW spectrum if frequency shifter is used for device 2a.

Large frequency shifter as an active component, its power consumption and complexity will increase with the increase of frequency shifting value. A ring oscillator is a structure that consists of three or more odd numbered NOT gates, with the output and input terminals connected end-to-end. Low power consumption is the characteristic of ring oscillator, e.g., only 24nW power consumption at 5.12MHz frequency shifting with 90nm CMOS and 0.3V power supply [9], a three-stage current-starved ring oscillator operating with 422 nW power consumption at a maximum frequency of 6.81 MHz [10]. 

Observation 8: Ring oscillator has the characteristic of ultra-low power consumption, e.g., <500nW.
Proposal 11: Study and discuss the function and feasibility of ring oscillator as large frequency shifter for device 2a.

3.6. Mirror signal suppression for device 2a
After detecting the R2D signal, device shifts the external CW by specific frequency to convey backscatter bits. As shown in fig.5, the frequency shifting process generate two copies (lower and upper sidebands) of the backscatter signal [11]. 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. 
[image: ]
Figure 5 Backscatter illustration with dual-band signal
However, the unwanted mirror signal or mirror harmonic will be generated at backscatter signal when the signal modulated by impedance switching. It may impact on the RAN 4 regulation of NR UE, e.g., spurious emission. Thus, we think the necessity of studying mirror signal suppression in architecture item needs to be discussed. 

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

3.7. Tx modulation architecture
In RAN 1#116, three potential modulation schemes have been discussed and chair’s note in 9.4.2.1 has given this description
	Proposal 3.2a(II)
A-IoT UL study for baseband modulation includes
•	OOK and BPSK
•	Other baseband modulation can be proposed (e.g. Binary FSK), and further discussion will consider whether or not they are included in the study.
·  Possible imperfection in the modulation can be studied under 9.4.1.2/9.4.1.1



In [2], three Tx modulation architectures and the comparison results have been given, and we conclude as below,  
	Architecture
· OOK 


· BPSK


· 2FSK

[image: ]

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

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

	BPSK
	<1µW
	Load modulation
	~5dB
	good
	poor

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






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 6, higher SINR can be observed in BPSK by Miller encoding, which may have the impact on coverage evaluation. 
[image: ]
Fig.6 Miller encoded with BPSK
Thus, we think BPSK should be supported for future research and discussion.

Proposal 13: 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 14: 2FSK should not be supported for device 1 and device 2a because of the larger power consumption, larger return loss and possible aliasing phenomena.
4. The architectures of device 2b and device 3 
4.1. Device 2b: architecture
In this subsection, we will discuss the architecture of device 2b based on RAN1 #116 discussion, and give our views for it.
The receiver architectures for device 2b have been discussed in section 3.1, and we think RF/IF/ZIF-ED should be supported. As shown in figure 7, taking RF-ED architecture as an example, N bit ADC should also be considered for device 2b. Similar to single carrier OFDM (SC-OFDM) modulation of NB-IoT, DFT/IFFT with low-power consumption could be discussed for whether the SC-OFDM can be supported in device 2b. 
In addition, we think PLL with high power consumption (e.g., >1mW) is not sure whether can be used for device 2b in this stage. As we know, the power consumption for PLL will be increased with the carrier frequency increasement and the SFO or TO reducing. To reduce the power consumption of PLL, frequency locked loop (FLL) may be considered to replace PLL for non-coherent detection like WUR. However, larger SFO may be generated if FLL used, but within 10^5ppm. 


Fig.7 device 2b architecture with RF-ED receiver
Except for RF-ED, LO/PLL/FLL is required for down conversion to achieve ZIF/IF-ED. The same LO/PLL/FLL between Rx and Tx should be considered for UL/DL synchronization while reducing the device power consumption. 
In addition, RF BPF at transmitter may be used for filtering the intermodulation/harmonic components from PA and additional phase noise. 
Observation 9: For device 2b, PLL with high power consumption (e.g., >1mW) is not sure whether can be used for device 2b in this stage. FLL with lower power consumption may be used to replace PLL.

Proposal 15: 1 bit or multi-bit ADC can be considered for RF/ZIF/IF-ED of device 2b.

Proposal 16: Discuss whether DFT/IFFT can be used for device 2b to consider SC-OFDM waveform.

Proposal 17:
· The same oscillator should be considered for receiver and transmitter of device 2b.
· PLL should not be decided in this stage. Other type oscillator with lower power consumption like FLL could be considered to replace PLL.

Proposal 18: Discuss whether or not the RF BPF at transmitter for device 2b is needed to filter the intermodulation/harmonic components from PA and additional phase noise
4.2. Device 3: architecture
Final FL summary gives a direction to further discuss device 3 with both backscattering and active signal generation, which is different from device 1 and 2. Device 3 as a potential device for abilities enhancement, it combines the both advantages of device 1/2a and device 2b. As shown in fig.8, we think that device 3 can support passive mode and active mode by time division mode. It does not seem like there will be significant changes to the physical layer. 
[image: ]
Fig. 8 Mode switching for device 3
Observation 10: For device 3, it does not seem like that there will be significant changes to the physical layer. 
5. 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 received power for AIoT device will reduce to below 10uW when distance>20m at 910MHz.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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