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1	Introduction
As per the Ambient IoT SID [1], RAN4 is tasked to study the following issues:
· Coexistence study of Ambient IoT and NR/LTE.
· RF requirements study for Ambient IoT:
· Ambient IoT BS transmission and reception
· Ambient IoT Device, as per the General Scope, transmission and reception
· Intermediate node (UE), as per the General Scope, transmission and reception
In the following, we share our views on the potential RF requirements for Ambient IoT devices. The RF requirements may be grouped into three aspects:
· Operating bands and channel arrangement
· Transmitter characteristics
· Receiver characteristics
2	Discussion
2.1 Operating bands and channel arrangement
This topic may include the following issues:
· Operating bands
· Channel bandwidth
· Channel arrangement
As per the SID [1], the operating bands are limited to FR1 licensed spectrum in FDD. Furthermore, the centre frequency agreed for RAN1’s evaluation is 900MHz (mandatory) [2].
As per RAN1’s evaluation assumptions [2], the transmission bandwidths used for the R2D channel are: 180kHz(M), 360kHz(O) and 1.08MHz(O). For the D2R channel, the transmission bandwidth is FFS in RAN1. Potentially, it is affected by the modulation (e.g. OOK or PSK) used, whether UL transmission is backscattered or internally generated.
The channel bandwidth shall be larger than the transmission bandwidth, considering the nonlinearity and large SFO of the transmitters. 
As per the SID [1], the spectrum deployment includes: in-band to NR, in guard-band to LTE/NR, in standalone band(s). Similar to NB-IoT, different spectrum deployment modes may require different channel spacing. Since there would be no cell search on the device side, channel raster might not be needed for devices. The Tx-Rx frequency separation is only relevant if the R2D and D2R channels use different carrier frequencies in the DL and UL spectrum of the FDD band, respectively. 
Proposal 1: RAN4 to study the RF requirements on operating bands, channel bandwidth and channel arrangement for ambient IoT devices, which can be common to both devices and readers.
RAN1 has agreed to study the following device types [3]:
· 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.

Below is a simple comparison of the three device types.
Table 1: A Comparison of Device 1, Device 2a and Device 2b
	
	Device 1
	Device 2a
	Device 2b

	Peak power consumption
	~1 µW
	≤ a few hundred µW
	≤ a few hundred µW

	Amplification in device
	neither DL nor UL amplification
	DL and/or UL amplification
	DL and/or UL amplification

	UL transmission
	backscattered on a carrier wave provided externally
	backscattered on a carrier wave provided externally
	generated internally by the device



It can be seen that ambient IoT devices have ultra-low power consumption, particularly device 1 is ~1 µW, which imposes extremely tight constraints on the implementation complexity and achievable performances.
Regarding the potential architecture for implementation, RAN1 has agreed to study at least the following blocks for device 1 [3]:· 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.


And a block diagram of the device 1 is shown in the Figure 1 below.
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Figure 1: Block diagram for device 1
For device 2a, it was agreed [3]:· 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).

And a block diagram of the device 2a is shown in the Figure 2 below.
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Figure 2: Block diagram for device 2a

For device 2b, three receiver variants of the device architecture are under consideration [4], i.e., w/RF-ED receiver, w/ZIF receiver, w/IF-ED receiver. As an example, the block diagram of device 2b w/RF-ED receiver is shown in Figure 3 below.
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Figure 3: Block diagram for device 2b w/RF-ED receiver

It can be seen that the RF transceivers of ambient IoT devices have very low complexity owing to the stringent constraint on power consumption. 
Proposal 2: RAN4 to consider the ultra-low complexity and power consumption of ambient IoT devices when defining the applicable RF requirements on the expected performances.
As shown in the above block diagrams, device 2a and 2b may employ BB and/or RF amplifiers to improve the receive and/or transmit performance. In other words, different device types have different Tx/Rx capabilities. Hence, the RF requirements would vary accordingly, similar to that for cat-NB1/NB2 or cat-M1/M2.
Proposal 3: Different Tx/Rx RF requirements may be applied to Device 1/2a/2b based on Tx/Rx capabilities.
2.2 Transmitter characteristics
Certain Tx requirements are needed to ensure UL coverage as well as meet regulations on spectrum emissions. 
Similar to RFID, typical ambient IoT devices will use integral antennas and do not have antenna connectors for conducted measurements. Consider EIRP for Tx power and spectrum emission requirements.
Table 2: Tx RF requirements for ambient IoT devices
	Tx requirements
	Device 1
	Device 2a
	Device 2b

	Transmit power
	backscattered UL, 
FFS upper limit on the output power
	backscattered UL,
FFS upper limit on the output power
	generated UL, 
FFS both upper and lower limits on the output power

	Transmit signal quality
	N/A
	N/A
	FFS frequency error, transmit modulation quality

	Output RF spectrum emissions
	FFS spectrum emission mask, ACLR, spurious emission
	FFS spectrum emission mask, ACLR, spurious emission
	FFS spectrum emission mask, ACLR, spurious emission



Proposal 4: RAN4 to study the Tx RF requirements on transmit power, transmit signal quality (for device 2b) and output RF spectrum emissions for ambient IoT devices.

There have been discussions that the D2R channel could be transmitted in either the DL spectrum or the UL spectrum of an FDD band. It’s a new task to define the requirements on the output RF spectrum emissions for transmissions in the DL spectrum of an FDD band.

[bookmark: _GoBack]Proposal 5: Special care is needed on how to define the requirements on the output RF spectrum emissions if the backscattered transmission is in the DL spectrum of an FDD band.
2.3 Receiver characteristics
Certain Rx requirements are needed to ensure DL coverage and meet the coexistence requirements. 
Table 3: Rx RF requirements for ambient IoT devices
	Rx requirements
	Device 1
	Device 2a
	Device 2b

	Reference sensitivity power level
	subject to coverage evaluation and confirmation on implementation feasibility
	subject to coverage evaluation and confirmation on implementation feasibility

BB amplifier and optional LNA could improve performance
	subject to coverage evaluation and confirmation on implementation feasibility

BB amplifier and optional LNA could improve performance

	Maximum input level
	N/A (no amplification)
	FFS
	FFS

	Adjacent channel selectivity
	subject to coexistence study, performance of BB LPF
	subject to coexistence study, performance of BB LPF
	subject to coexistence study, performance of BB LPF

	Blocking characteristics
	FFS in-band blocking, out-of-band blocking

subject to coexistence study, performance of RF BPF and/or BB LPF
	FFS in-band blocking, out-of-band blocking

subject to coexistence study, performance of RF BPF and/or BB LPF
	FFS in-band blocking, out-of-band blocking

subject to coexistence study, performance of RF BPF and/or BB LPF



Proposal 6: RAN4 to study the Rx RF requirements on reference sensitivity, max input level (device 2a/2b), adjacent channel selectivity and blocking characteristics for ambient IoT devices.

2.4 Measurements
The testability of the Tx/Rx RF requirements for ambient IoT devices should be studied. On the Tx side, the use of OTA test chamber or coupling by a test fixture [5] may be needed if the access of an antenna connector on the device is not possible. On the Rx side, the performance metric to be used needs further study. Owing to the simplified physical layer design, BLER or throughput may not be a suitable performance metric. For example, there might not be PUCCH-like channel for ACK/NACK report.
Proposal 7: RAN4 to study the testability of the RF requirements for ambient IoT devices, including test method, performance metric, etc.
Additionally, other test conditions should also be studied, including:
· Reference measurement channels
· Environment conditions: temperature, voltage, vibration, etc.

3	Conclusion
In this paper, we have shared our views on the potential RF requirements for ambient IoT devices. The following proposals are made:
Proposal 1: RAN4 to study the RF requirements on operating bands, channel bandwidth and channel arrangement for ambient IoT devices, which can be common to both devices and readers.
Proposal 2: RAN4 to consider the ultra-low complexity and power consumption of ambient IoT devices when defining the applicable RF requirements on the expected performances.
Proposal 3: Different Tx/Rx RF requirements may be applied to Device 1/2a/2b based on Tx/Rx capabilities.
Proposal 4: RAN4 to study the Tx RF requirements on transmit power, transmit signal quality (for device 2b) and output RF spectrum emissions for ambient IoT devices.

Proposal 5: Special care is needed on how to define the requirements on the output RF spectrum emissions if the backscattered transmission is in the DL spectrum of an FDD band.

Proposal 6: RAN4 to study the Rx RF requirements on reference sensitivity, max input level (device 2a/2b), adjacent channel selectivity and blocking characteristics for ambient IoT devices.
Proposal 7: RAN4 to study the testability of the RF requirements for ambient IoT devices, including test method, performance metric, etc.
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