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1	Introduction
[bookmark: _Ref178064866]The “Study on solutions for Ambient IoT (Internet of Things) in NR” [1][2][3] targets a further assessment at RAN WG level of Ambient IoT (A-IoT), a new 3GPP IoT technology, suitable for deployment in a 3GPP system, which relies on ultra-low complexity devices with ultra-low power consumption for the very low-end IoT applications. The study follows an initial study captured in TR 38.848 [4].
RAN1#116 was the first meeting in this study item. For this agenda item, we provided our initial views in [5], and the RAN1 discussion was captured in the feature lead summary in [6]. The structure of this document basically follows the structure in the feature lead summary.
5	Issues
5.1	Device type categorization
RAN1#116 made the following agreements regarding device type categorization:
	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.




5.2	Energy sources and energy storage for device study
Based on RAN#103 agreement, one device’s charging by energy harvesting can be assumed up to several tens of seconds.
With a harvesting time of “several tens of seconds”, the amount of harvested energy can vary vastly depending on the harvesting source (e.g., RF, indoor light, etc.), input power (for energy harvesting), harvesting area (e.g., for indoor light), and efficiency.
For example, assuming 30 seconds of harvesting time: 
· RF energy harvesting: input power = -22.6 dBm, efficiency = 10%, total harvested energy = 16.5 μ𝐽.
· RF energy harvesting: input power = -19.5 dBm, efficiency = 12.8%, total harvested energy = 43.2 μ𝐽.
· RF energy harvesting: input power = -14.7 dBm, efficiency = 13%, total harvested energy = 132 μ𝐽.
· Indoor light: power density = 100 uW/cm2, efficiency = 10%, harvesting area = 2 cm2, total harvested energy = 600 μ𝐽

Although the harvested energy can be large, the energy storage size, e.g., capacitor size, may not be very large due to cost and size considerations. For Device 1, a 10 μF capacitor (or perhaps even smaller) may be enough to sustain for the entire inventory round due to its low peak power consumption. However, for Devices 2a and 2b, a much larger capacitor is needed to sustain for the entire inventory round due to their much higher peak power consumption. The consequence of having a smaller capacitor (e.g., a 10 or 20 μF capacitor) is that the device may need to harvest energy (perhaps for several times) within a single inventory round.
[bookmark: _Toc163244553]The energy storage size can be different for different device types.
[bookmark: _Toc163244554]Discuss whether RAN1 should include the size of energy storage in the scope of the Rel-19 SI. 
5.3	Device 1: Architecture
RAN1#116 made the following agreements regarding device architecture for Device 1:
	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.


 





Figure 1: RX/TX architecture of Device 1

A matching network between RF BPF and RF Envelope Detector (ED) will be beneficial to transform the impedance of the BPF to the high input impedance of the RF ED.
Regarding the comparator proposed in Device 1, it is important to consider that there are practical issues, such as the comparator having an unknown offset that is slowly varying because of Flicker noise and temperature. In addition, a comparator also has metastability issues, if the signal is too weak it cannot take a decision in due time. An n-bit ADC will reduce this problem with minimal power consumption increase compared to a comparator, provided that only few bits are specified (e.g., 2-bit ADC).
We believe that the same Rx architecture, based on ED, can be used for both OOK-1 and OOK-4 modulations. The only difference between the two modulations is that for the case with OOK-4, the clock frequency for the digital processing and comparator will need to be increased accordingly.
Other aspects common to all device types, such as those related to antennas, clock generator, energy harvester, and memory are discussed in Sections 5.12 and after. 
[bookmark: _Toc163244555]For Device 1, a 2-bit ADC, with only a slightly higher power consumption compared to comparator, would be preferable due to non-idealities such as drifting offset caused by Flicker noise and temperature variations.
5.4	Device 1: Tx modulation/waveform
OOK, BPSK, and binary FSK modulations have been discussed in 3GPP, but no agreements have been made yet.
For Device 1, BPSK modulation can be implemented in a very similar way as for the OOK modulation. The difference will be in the two impedance states. For OOK, the antenna will either be matched (full absorption) or shorted to ground (full reflection), while for PSK the antenna will either be either open circuit or shorted to ground. In both cases the antenna will reflect the incoming signal, but with 180 degrees difference in phase. For FSK, the two frequencies can be achieved by implementing digitally controlled current branches in the oscillator. A variation in the current supply will result in a frequency variation.
The expected power consumption, as can be seen in Table 1, for the three modulations would be roughly the same and about 2-4 μW.
The complexity will be very similar to the RFID case with the addition of the energy storage capacitor.
[bookmark: _Toc163244556]For Device 1, the expected Tx power consumption of OOK, BPSK, and binary FSK would be roughly the same and about 2-4 μW. 
5.5	Device 1: Rx sensitivity
For Device 1, with RF ED and no LNA, a sensitivity of about -40dBm is expected based on literature reports available.
The expected power consumption, as can be seen in Table 1, would be roughly 2 - 7 μW.
Regarding sensitivity of the RF energy harvester, we discuss this aspect in Section 5.16. 
[bookmark: _Toc163244557]For Device 1, the expected Rx power consumption would be roughly 2-7 μW. 
5.6	Device 2a: Architecture
RAN1#116 made the following agreements regarding device architecture for Device 2a:
	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).


 



[image: ]
Figure 2: Device 2a architecture with RF ED receiver

For Device 2a, we think that a 2- or 4-bit ADC would be preferable instead of a comparator, for the same reasons as explained for Device 1.
As for Device 1, the same Rx architecture based on ED can be used for both OOK-1 and OOK-4 modulations also for Device 2a.
For power consumption breakdown please refer to Table 1.
[bookmark: _Toc163244558]For Device 2a, a 2- or 4-bit ADC would be preferable instead of a comparator.
5.7	Device 2a: Tx modulation/waveform
For Device 2a, since a reflection amplifier is present, a different approach is needed compared to Device 1. PSK modulation can be implemented by enabling and disabling a λ/4 line via two switches as shown in Figure 3. The λ/4 line will introduce a 180-degree shift in the reflected signal. The λ/4 line will, however, be very large at frequencies < 1GHz (around 83mm @ 900MHz). For FSK, the two frequencies can be generated in the same way as described for Device 1, by implementing digitally controlled current branches in the oscillator. A variation in the current supply will result in a frequency variation.
The expected Tx power consumption, as can be seen in Table 1, for the three modulations will be roughly the same and about 145 μW.
The complexity will be similar to Device 1, with the addition of the RA. In case a PSK modulation is used, the complexity will increase due to the large size of the λ/4 lines or lumped components needed to implement the phase shift.
In Figure 4, the Rx architecture based on zero-IF is shown. This architecture can allow to achieve better sensitivity and interference resistance compared to a simpler ED architecture. It also has lower complexity, size, and cost compared to a Low-IF architecture since no image rejection filter is required.
In Figure 5, the Rx architecture based on Low-IF with ED is shown. Advantages of low-IF architecture, compared to zero-IF, include reduced DC offset and lower Flicker noise. The drawback of the Low-IF architecture is, however, the increased complexity and size due to the need for an off-chip image rejection filter.
We believe that zero-IF architecture is a good trade-off in terms of performance, size and cost. However, if DC offset is critical and larger size/cost can be tolerated, a low-IF architecture could be recommended. The power consumption for RF-ED and zero-IF architectures are shown in Table 1.
[image: ]
[bookmark: _Ref163197539]Figure 3: Device 2a architecture with RF ED receiver and PSK backscattering transmitter

[image: ]
[bookmark: _Ref163197986]Figure 4: Device 2a architecture with Zero-IF receiver
[image: ]
[bookmark: _Ref163198147]Figure 5: Device 2a architecture with IF ED receiver

[bookmark: _Toc163244524]Implementing BPSK for the transmitter of Device 2a will increase the size of the device due to the low frequency.
[bookmark: _Toc163244525]For Device 2a, zero-IF architecture is a good trade-off in terms of performance, size and cost if DC offset is not critical.
[bookmark: _Toc163244559]For Device 2a, The Tx power consumption is ~145 μW, and the Rx power consumption is ~100 μW. 
[bookmark: _Toc163244560]A zero-IF Rx architecture may be more suitable for Device 2a.

5.8	Device 2a: Reflection amplification
Reflection amplifiers are realized with negative resistance devices, such as diodes (Tunnel diodes, Schottky diodes), Bipolar Junction Transistors (BJTs), Field Effect Transistors (FETs) including (MOSFET and Metal-Semiconductor Field-Effect Transistor (MESFETs)), Pseudomorphic High Electron Mobility Transistors (pHEMTs).
Reported values of reflection gain can reach up to about 30dB.
However, the reflection gain in a reflection amplifier needs to be carefully adjusted. The higher the reflection gain, the closer to instability will be the reflection amplifier. This means that a trade-off between gain and stability must be made. The reflection gain and stability can also be affected by other factors, such as the incident RF power, bias, and temperature, all of which will affect the negative resistance of the device (e.g. tunnel diode, MOS). Also, the stability region will vary with changes of the antenna impedance.
[bookmark: _Toc163244561]Agree to the following observation: reflection amplifiers can easily become unstable when high gain is required.

5.9	Device 2a: Frequency shift / SSB
Frequency shifter (tens of MHz):
For NR FDD bands less than 1 GHz, the duplex spacing can be tens of MHz. For example, for band n8, the duplex spacing is 45 MHz.
We do not think that large frequency shift can be feasible for Device 1 due to limited power consumption. For Device 2a, due to the higher power budget available, the frequency shift will be possible. A possible option could be to upconvert first the digital data to IF using a mixer. The output of this mixer then drives the switch at the antenna, mixing the upconverted digital data with the incoming signal at the antenna. An alternative approach could be to implement two ring oscillators in the same Si chip, configured at the two frequencies and digitally switch between the two. The increase in area in the Si chip will be small and the power consumption of the ring oscillator will be negligible compared to that of the RA.
SSB modulator
The main advantage of implementing a SSB modulator is that it provides spectral benefits due to reduction of the amplitude of one of the side bands, leading to the occupation of half of the bandwidth compared to regular OOK modulators. This makes SSB backscattering more favourable in the case of large FDD frequency shifts.
A Single Side Band (SSB) modulator has higher complexity than a regular OOK modulator and can be typically implemented with a switch and 4 different impedances. This will increase the power consumption of about a factor of 2 to 4 in Device 1 but it may still be feasible. The main drawback of implementing the four different impedances will consist in increased size of the device due to the low frequencies. However, since SSB will be more relevant when high frequency shift is employed, this makes SSB not a necessity for Device 1.
Published works [9][10][11] implement the SSB by using two oscillators and two switches (or single SP4T switch) which connect the antenna to one of four possible impedances. These works indicate a power consumption of few tens of μW, which would not be compatible with Device 1.
[bookmark: _Toc163244526]SSD modulator can be beneficial in Device 2a where higher power is available compared to Device 1. 
[bookmark: _Toc163244562]Agree to the following observation: large frequency shift may not be feasible in Device 1 due to limited power budget. However, it could be feasible for Device 2a, if a higher power budget is available. 

5.10	Device 2a: Rx sensitivity
For Device 2a there are different architectures discussed:
· RF Envelope detector with BB amplifier: -40dBm to -45dBm
· RF Envelope detector with RF LNA and BB amplifier: -50dBm to -55dBm
· Zero-IF with RF LNA and BB amplifier: -80dBm to -85dBm
· Low-IF with RF LNA, IF ED and BB amplifier: -90dBm to -95dBm

We think the Rx sensitivity aspects can be discussed under AI 9.4.1.1.

5.11	Device 2b: Architecture
[image: ]
Figure 6: Device 2b architecture with RF ED receiver and active transmitter
In contrast to Device 1 and Device 2a, the matching network between antenna and the input of the rectifier may be omitted if the harvesting frequency is higher (up to 4GHz). The presence of a matching network will increase losses between antenna and rectifier, causing a reduced harvester sensitivity. A different approach would be to design the antenna so that its impedance is conjugately matched to the input impedance of the rectifier. We think that this approach would boost the voltage at the rectifier input, improving the harvesting sensitivity.
A possible Rx architecture for Device 2b can be based on RF ED. We believe that a zero-IF (shown in Figure 7) or low-IF Rx architecture will be more suitable for this device type as they improve the coverage. In case a zero-IF or low-IF RX architecture is used, the LO/PLL can be shared between Rx and Tx chain.
In case an RF harvesting is used, we have the same comment as for Device 1, regarding the matching network between antenna and rectifier.
We believe that the 4- to 8-bit ADC would be preferable instead of a comparator, for the same reasons described for Device 1.
As for Device 1 and 2a, the same RX architecture can be used for both OOK-1 and OOK-4 modulations also in Device 2b.
For power consumption breakdown, please refer to Table 1.
[image: ]
[bookmark: _Ref163216730]Figure 7: Device 2b architecture with zero-IF receiver and active transmitter

[bookmark: _Toc163244527]When harvesting at higher RF frequencies than 1 GHz, the matching network between antenna and rectifier may be omitted to reduce losses and improve harvesting sensitivity. 
[bookmark: _Toc163244563]A zero-IF and/or a low-IF Rx architecture can be considered for Device 2b. 
[bookmark: _Toc163244564]For Device 2b, The Tx power consumption is ~300-500 μW, and the Rx power consumption is ~220 μW. 

5.12	Antenna
We think that a high Q antenna that is directly matched to the rectifier may be preferable for RF energy harvesting. However, this means that 2 separate antennas may be needed for the harvester and the Tx/Rx chains. A shared antenna is also feasible but may impact the RF energy harvesting. 
[bookmark: _Toc163244528]A high Q antenna that is directly matched to the rectifier may be preferable for RF energy harvesting.

5.13	Selectivity
A bandpass filter is preferable to be used after the antenna since the antenna bandwidth should cover both the uplink and downlink bands. 
[bookmark: _Toc163244529]A bandpass filter is preferable to be used after the antenna since the antenna bandwidth should cover both the uplink and downlink bands. 

5.14	Energy harvester: Sensitivity
Literature [8] shows harvester sensitivity of up to -30dBm at 3.5GHz using a loop antenna and rectifier based on 65nm TSMC Si technology. We believe that improved values of harvesting sensitivity may be achieved with proper co-design of antenna and rectifier at frequencies below 1GHz. 
The harvester sensitivity can be defined as the minimum signal available at the antenna reference plane to allow the rectifier to generate 1V DC at the output. This definition is adopted in [7] and in [8]. We think this is more realistic since the device electronics needs this supply voltage to operate. In [7] the sensitivity was -18.8 dBm.
[bookmark: _Toc163244530]In the literature, the harvester sensitivity is defined as: “The minimum signal available at the antenna reference plane to allow the rectifier to generate 1V DC at the output”. 

5.15	Energy harvester: Power conversion efficiency
Due to the presence of non-linear components (e.g., diodes, or transistors) in RF energy harvesters. The RF-to-DC conversion is non-linear function of the input power. Typically, RF EH are optimized to maximize their power conversion efficiency at a given input power level [12].  
In literature, for 900 MHz band, the power conversion efficiencies (at the harvester sensitivity levels) ranging between 5% and 22% are reported. Note that the power conversion efficiency differs according to the received power. RF harvesters that operate at higher frequencies are expected to have much lower PCE compared to harvesters operating at lower frequencies. This is because the voltage conversion becomes more critical and hence the voltage conversion ratio (VCR) is favoured over the PCE [8]. 
[bookmark: _Toc163244531]In literature, for 900 MHz band, the power conversion efficiencies (at the harvester sensitivity levels) ranging between 5% and 22% are reported.

5.16	Memory
Similar to legacy 5G NR, it is expected that some key communication information and parameters are stored in device memory so that device can benefit from registering to the network, e.g., reduced signaling overhead in subsequent access/communication, security, authentication, identification, etc. It remains to be studied what part of device context (key information and parameters) is to be stored and if it is affordable for Ambient IoT devices to do so. For example, such information may contain device ID (allocated by network), visited network information, security related information, states, some flags, timers, etc. A question is how much energy is required to store, for example, 50 bytes of key communication parameters. A 9T static-random-access-memory (SRAM) topology has a static power consumption of about 40 pW and an average write energy consumption of about 20 aJ per bit according to reference [13]. This would translate to a total static power consumption of 16 nW and an average energy consumption of 8 fJ for a memory of 50 bytes.
[bookmark: _Toc159198834][bookmark: _Toc163244565]Discuss whether RAN1 should study aspects related to memory (e.g., size, type, refresh time, energy consumption, etc.) of an Ambient IoT device. 

6	Conclusion
In the previous sections, we made the following observations: 
Observation 1	Implementing BPSK for the transmitter of Device 2a will increase the size of the device due to the low frequency.
Observation 2	For Device 2a, zero-IF architecture is a good trade-off in terms of performance, size and cost if DC offset is not critical.
Observation 3	SSD modulator can be beneficial in Device 2a where higher power is available compared to Device 1.
Observation 4	When harvesting at higher RF frequencies than 1 GHz, the matching network between antenna and rectifier may be omitted to reduce losses and improve harvesting sensitivity.
Observation 5	A high Q antenna that is directly matched to the rectifier may be preferable for RF energy harvesting.
Observation 6	A bandpass filter is preferable to be used after the antenna since the antenna bandwidth should cover both the uplink and downlink bands.
Observation 7	In the literature, the harvester sensitivity is defined as: “The minimum signal available at the antenna reference plane to allow the rectifier to generate 1V DC at the output”.
Observation 8	In literature, for 900 MHz band, the power conversion efficiencies (at the harvester sensitivity levels) ranging between 5% and 22% are reported.

Based on the discussion in the previous sections, we propose the following:
Proposal 1	The energy storage size can be different for different device types.
Proposal 2	Discuss whether RAN1 should include the size of energy storage in the scope of the Rel-19 SI.
Proposal 3	For Device 1, a 2-bit ADC, with only a slightly higher power consumption compared to comparator, would be preferable due to non-idealities such as drifting offset caused by Flicker noise and temperature variations.
Proposal 4	For Device 1, the expected Tx power consumption of OOK, BPSK, and binary FSK would be roughly the same and about 2-4 μW.
Proposal 5	For Device 1, the expected Rx power consumption would be roughly 2-7 μW.
Proposal 6	For Device 2a, a 2- or 4-bit ADC would be preferable instead of a comparator.
Proposal 7	For Device 2a, The Tx power consumption is ~145 μW, and the Rx power consumption is ~100 μW.
Proposal 8	A zero-IF Rx architecture may be more suitable for Device 2a.
Proposal 9	Agree to the following observation: reflection amplifiers can easily become unstable when high gain is required.
Proposal 10	Agree to the following observation: large frequency shift may not be feasible in Device 1 due to limited power budget. However, it could be feasible for Device 2a, if a higher power budget is available.
Proposal 11	A zero-IF and/or a low-IF Rx architecture can be considered for Device 2b.
Proposal 12	For Device 2b, The Tx power consumption is ~300-500 μW, and the Rx power consumption is ~220 μW.
Proposal 13	Discuss whether RAN1 should study aspects related to memory (e.g., size, type, refresh time, energy consumption, etc.) of an Ambient IoT device.
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Table 1: Power consumption breakdown
	Device
	1
	2a
	2b

	
	
	ED
	Zero-IF
	

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

	Rx
	Passive/Active ED
	0/2
	Active ED
	2
	Mixer
	8
	Mixer
	8

	
	Comparator/ADC
	≤1
	Comparator/ADC
	1-2
	ADC
	2
	ADC
	6

	
	State machine
	≤1
	Digital Processing
	20
	Digital Processing
	20
	Digital Processing
	20

	
	Clock
	0.1-1
	Clock
	0.1-1
	FLL
	20
	PLL
	100

	
	NV-Memory
	1.5-3
	NV-Memory
	1.5-3
	NV-Memory
	1.5-3
	NV-Memory
	1.5-3

	
	V-Memory
	0.1
	V-Memory
	0.1
	V-Memory
	0.1
	V-Memory
	0.1

	
	
	
	RF LNA
	40
	RF LNA
	40
	RF LNA
	75

	
	
	
	BB AMP
	10
	BB AMP
	10
	BB AMP
	10

	
	Total
	~2-7
	Total
	~40-80
	Total
	~100
	Total
	~220

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

	
	Clock
	0.1-1
	Ring Oscillator
	20
	DCO+LO Driver + DCO Buffer
	50

	
	State machine
	0.1
	RA
	100
	ADPLL
	150

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

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

	
	
	
	V-Memory
	0.1
	V-Memory
	0.1

	
	Total
	~1.8/4.2
	Total
	~145
	Total
	~300-500

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

	-
	1 Tx/Rx
	-
	1 Tx/Rx
	-
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