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Introduction
In this paper, we present our overview for A-IoT work from RF perspective.
Discussion
In SID[1], the RAN4 related objective for RF requirement study is quoted below
· RAN4-led:
· 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
There are three types devices agreed in RAN1, RAN4 can continue to use these types to align the terminology.
[bookmark: _Ref163159022]Use the RAN1 terminology on device types.
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.

RAN1 has agreed on the device type 1 and device type 2a architecture and listed in Annex. RAN4 can study device type 1 and device 2a in this meeting.
For device 1 and device 2a, the RF ED architecture is used. For device 1, as there may exist RF BPF so the out of band blocking requirement could be discussed. RF ED architecture does not provide the Inband selectivity and therefore the Inband blocking, ACS not relevant for such architecture. However, different band coexisting is not within coexisting scope, so out of band blocking could be discussed in next meeting.
[bookmark: _Ref163159032]As the RF ED architecture does not provide inband selectivity, only out of band blocking requirement could be discussed for both device type 1 and type 2a.

Both device type 1 and type 2a are passive devices, meaning it will not transmit in UL unless there is CW signal to backscatter to network. Therefore, for such devices, there is a need of a CW signal from network to backscatter UL transmission (and possibly also for RF signal energy harvesting). For backscattered signal, as the UL data is modulated with simple modulation (switching between different antenna load, equally introducing a rectangle time function in time domain)so the spectrum is quite wide. As illustrated in Figure 1, a rectangle time window is used , which can be converted to frequency domain. The frequency spectrum exhibits long sidelodes (first sildelobe is 13 dBc below the main lobe).
In another objective, the sampling clock error is quite big:
A. The overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable the following devices:
i. ~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.
ii. ≤ a few hundred µW peak power consumption1, 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 may be generated internally by the device, or be backscattered on a carrier wave provided externally.
The sampling clock error will make the modulated signal shifted in frequency domain (or the modulated signal bandwidth may decrease or increase depending on the sampling clock frequency offset). Considering this impact as well as sidelobes, the occupied bandwidth needs to be discussed for the A-IoT backscattered transmission so only 1% energy is leaked outside the bandwidth. 
[bookmark: _Ref163159042]The system parameter of channel bandwidth needs to be discussed.
 
[image: ]
[bookmark: _Ref162530290]Figure 1: UL modulation spectrum due to switching between different antenna load
Some of the RF characteristic of device type 1 and type 2a has no corresponding requirement in 3GPP RF specification, For example, the energy harvesting sensitivity, as it is the minimum received signal power received at antenna to power on the A-IoT, it seems it is key RF parameter for network coverage performance . Another example is the UL backscattering signal power in relation to the received power impinged on the receive antenna. Such the ratio of backscatter signal power level to total received power at antenna may be critical to a case where the coverage is reverse-link limited other than forward-link limited.  As this relates to the coverage distance, so these should be discussed together in the RF requirement scope.
According to RAN plenary agreement below, the EH is out of SI scope, so EH issue can be revisited in future WI phase.
· Confirm that study of design of energy harvesting signal/waveform is out of SI scope in Rel-19

[bookmark: _Ref163159051]The UL backscatter signal power level in relation to the received power are aspects specific to the A-IoT and needs further discuss in future meeting.
[bookmark: _Ref163478012]EH sensitivity can be studied in work item phase.
Conclusions
In this contribution, we present our overview on the coexisting simulation assumptions with below proposal:
Proposal-1: Use the RAN1 terminology on device types.
Observation 1 As the RF ED architecture does not provide inband selectivity, only out of band blocking requirement could be discussed for both device type 1 and type 2a.
Observation 2 The system parameter of channel bandwidth needs to be discussed.
Proposal-2: The sensitivity for EH and UL backscatter power loss in relation to the received power are aspects specific to the A-IoT and needs further discuss in future meeting.
Proposal-3:EH sensitivity can be studied in work item phase.
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Annex

Study at least the following blocks for device 1 architecture.
· Antenna could be either shared or separate for RF energy harvester and receiver/transmitter.
· Matching network is to match impedance between antenna and other components (including RF energy harvester and receiver related blocks).
· RF energy harvester can include rectifier performing RF signal (AC) to DC conversion.
· Energy storage (e.g., capacitor) stores harvested energy from RF energy harvester.
· Power management unit (PMU) manages storing energy to energy storage from energy harvester and suppling power to active component blocks which needs power supply.
· Digital BB logic includes functional blocks like encoder, decoder, controller, etc.
· Memory can include two types of memory: 1) Non-Volatile Memory (NVM) such as EEPROM for permanently storing device ID, etc, and 2) registers for temporarily keeping any information required for its operation only while energy is available in energy storage.
· Clock generator provides required clock signal(s).
· Reception related blocks
· RF BPF for improving selectivity.
· Depending on implementation, it may not exist. RAN4 RF requirement (if any, e.g., ACS) and peak power consumption target also need to be considered.
· RF Envelope Detector converts RF signal to baseband.
· BB LPF can filter out harmonics and high frequency components to improve input signal quality to comparator.
· Depending on implementation, it may not exist. Presence of BB LPF is assumed for the study.
· Comparator determines high/low of input signal.
· Transmission related blocks
· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics. Waveform/Modulation type is FFS.



Agreement
Study at least following blocks for device 2a architecture w/ RF-ED receiver.
· Antenna could be either shared or separate for RF energy harvester (if present) and receiver/transmitter.
· Matching network is to match impedance between antenna and other components (including RF energy harvester (if present) and receiver related blocks).
· Energy harvester.
· Energy storage (e.g., capacitor) stores harvested energy from energy harvester.
· Power management unit (PMU) manages storing energy to energy storage from energy harvester and suppling power to active component blocks which needs power supply.
· Digital BB logic includes functional blocks like encoder, decoder, controller, etc.
· Memory can include two types of memory: 1) Non-Volatile Memory (NVM) such as EEPROM for permanently storing device ID, etc, and 2) registers for temporarily keeping any information required for its operation only while energy is available in energy storage.
· Clock generator provides required clock signal(s).
· Reflection amplifier can amplify reflected backscattered signal.
· FFS study applicability of amplification of rx signal, power consumption.
· At least one of R2D/CW2D and D2R could be amplified by either reflection amplifier or LNA.
· Reception related blocks
· RF BPF filter for improving selectivity.
· Depending on implementation, it may not exist. RAN4 RF requirement (if any, e.g., ACS) and peak power consumption target also need to be considered.
· FFS: LNA for improving signal strength and sensitivity of receiver.
· At least one of R2D/CW2D and D2R could be amplified by either reflection amplifier or LNA.
· RF envelope detector (RF-ED) detects envelope from RF signal.
· BB amplifier amplifies BB signal to improve signal strength.
· BB LPF can filter out harmonics and high frequency components to improve input signal quality to comparator/ADC.
· Depending on implementation, it may not exist.
· Comparator or N-bit ADC
· Transmission related blocks
· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics.
· FFS: Large Frequency shifter (e.g., tens of MHz) for shifting backscattered signal from one frequency (e.g., FDD-DL frequency) to another frequency (e.g., FDD-UL frequency).
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