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Device terminology
During the RAN#103 meeting, the updated SID for Ambient IoT [1] was approved. In the updated SID, the description for the Ambient IoT device with peak power consumption does not exceed a few hundred µW was revised as follows:
	General Scope
The definitions provided in TR 38.848 are taken into this SI, and the following are the exclusive general scope:
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.
· X  is to be decided in WGs.
· Coverage design target: Maximum distance of 10-50 m with device indoors as per TR 38.848: “…a range that WGs can sub-select within”.
· For Topologies 1 & 2 (UE as intermediate node under NW control) per TR 38.848, with no RRC states, no mobility (i.e. at least no cell selection/re-selection -like function), no HARQ, no ARQ. 
NOTE 1: It is to be understood that “≤ a few hundred µW” means WGs are not tasked with setting a particular value, and that it will be for WG discussions to determine if a presented design with corresponding power consumption satisfies the “≤ a few hundred µW” requirement.




At the RAN1#116 meeting, RAN1 agreed on the following device terminology [2]:
	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.




Observation 1: In the RAN1 agreement, the terminology of Device 2 is not in line with the revised terminology in the SID.
Based on Observation 1, we recommend revising the RAN1 agreement to reflect the changes in the updated SID.
Proposal 1: 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.

Device 2a
At the RAN1#116 meeting, RAN1 agreed on the architecture for Device 2a with RF envelope detector receiver [2].
	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).




During the RAN#103 meeting, RAN made an agreement concerning energy harvesting [3]:
	Proposal 2
· Confirm that study of design of energy harvesting signal/waveform is out of SI scope in Rel-19
· The potential impact of energy harvesting on device availability for transmission and reception procedures can be considered for the study
· One device’s charging by energy harvesting can be assumed up to several tens of seconds
· Note: this value can be revisited in future RAN plenary meetings, if necessary
· TR 38.848 clause 5.6 statement on latency remains the case with respect to a single device, i.e.: “NOTE: The time for charging the Ambient IoT device storage (if present) is not included in the latency defined above. Time for energy harvesting, charging, etc. is regarded as an implementation issue only.”
· No SID revision is necessary



Observation 2: In the RAN agreement, the study of design of energy harvesting signal/waveform is out of SI scope in Rel-19. 
Based on Observation 2, the design of energy harvesting signal/waveform for Device 1, Device 2a, and Device 2b will not be further discussed in RAN1 even though architecture diagrams for these devices include energy harvesting modules. 
Proposal 2: RAN1 should not further discuss technical design of energy harvesting signal/waveform for Device 1, Device 2a, and Device 2b.

In addition to Device 2a with RF envelope detector receiver, two architecture variants were discussed at the RAN1#116 meeting, namely Device 2a with IF envelope detector and zero IF receivers. However, RAN1 did not reach any conclusion. We will present our views on these two architecture variants in the next subsection.
 
Architecture
In Rel-18 LP-WUS/WUR SI, the relative power consumption of the heterodyne receiver architecture with IF envelope detection was identified as in the range of 0.1~4 units (comparable to an absolute power consumption in the range of 100 W~8 mW) with noise figure values in the range of 9~15 dB in TR38.869. Additionally, the relative power consumption of the homodyne receiver architecture with baseband envelope detection was identified in the range of 0.05~4 units (comparable to an absolute power consumption in the range of 50 W~8 mW) with noise figure values in the range of 10~16 dB. Therefore, the heterodyne/homodyne receiver architectures with IF/baseband envelope detection might be suitable for Device 2a. 
The heterodyne/homodyne receiver architectures with IF/baseband ED are analyzed in TR38.869:
· The band and/or carrier tuning can be achieved via tuning the LO frequency.
· It is more effective and less complex to use IF BPF or BB BPF/LPF instead of high-Q matching network and/or RF BPF to suppress adjacent channel interference or interference from other signals on adjacent subcarriers.
· Using FLL instead of PLL consumes less power, but it may result in a larger frequency error. 
· RF LNA and/or IF AMP can be applied to improve sensitivity, with the cost of additional power consumption.
Specifically for the heterodyne receiver architectures with IF ED,
· The IF frequency can be selected to avoid LO leakage (DC offset) and flicker (1/f) noise.
· Image rejection can be done via either image rejection filter or image rejection mixer.
· Image rejection filter can be done in either RF or IF, which may require high-Q filter.
· Image rejection mixer requires two-branch (I/Q) mixing with good matching in gain and phase, which consumes additional power.
Specifically for the homodyne receiver architectures with baseband ED,
· It can suffer from LO leakage (DC offset) and flicker (1/f) noise. The impact may be alleviated by using BB BPF in some cases.
· The baseband envelope detection can be done in either analog domain (before ADC) or digital domain (after ADC).
The heterodyne receiver architecture with IF ED and the homodyne receiver architecture with baseband ED have similar/comparable characteristics in terms of power consumption and noise figure, therefore either one can be used as a baseline for the high-power Ambient IoT device. Figures 1 and 2 show the architecture for Device 2a with IF envelope detector and zero IF receivers, respectively.
In general, the backscattering module of Device 2a is similar to Device 1 except for an additional reflection amplifier and a large frequency shifter. The backscattering module is common to both Device 2a with IF envelope detector and zero IF receivers.
[image: ]
Figure 1: Architecture for Device 2a with IF envelope detector receiver

[image: ]
Figure 2: Architecture for Device 2a with zero IF receiver

Proposal 3: RAN1 adopts and studies the architecture for Device 2a with IF envelope detector and zero IF receivers as shown in Figures 1 and 2.

Device 2b
Referring to Proposal 1, we can make the following observation for Device 2b: 
Observation 3: The carrier frequency used for D2R signal (or channel, e.g., PDRCH) transmission is internally (or locally) generated by Device 2b instead of provided externally. 

According to the general scope of the SID [1], Ambient IoT technology operates in the NR FR1 licensed spectrum in the FDD mode.
	General Scope
    << Text omitted >> 
    C.   FR1 licensed spectrum in FDD.
     << Text omitted >>



In the FDD band, two disjoint carrier frequencies (which are spaced apart by a guard band, also known as duplex spacing) are employed for downlink and uplink transmission. This means, Device 2b transmits a D2R signal or channel (e.g., PDRCH) using an internally generated carrier frequency in the uplink FDD band, and receives an R2D signal or channel (e.g., PRDCH) sent on a carrier frequency in the downlink FDD band for Topologies 1 and 2. 
Proposal 4: Device 2b should operate in the FDD mode in the NR FR1 licensed spectrum for Topologies 1 and 2:
· Device 2b transmits a D2R signal or channel (e.g., PDRCH) using an internally generated carrier frequency in the uplink FDD band, and
· Device 2b receives an R2D signal or channel (e.g., PRDCH) on a carrier frequency in the downlink FDD band.

Architecture
Based on Observation 2, the main difference between Device 2a and Device 2b is in the transmitter architecture. As such, the basic building blocks of receiver architecture for Device 2b can be considered the same as the ones for Device 2a.  
As shown in Figures 3, 4 and 5, the transmitter architecture for Device 2b consists of a modulator, a digital-to-analog converter, an RF mixer and an RF amplifier. The RF mixer along with the Local Oscillator are used to up-convert the baseband signal to a carrier frequency in the uplink FDD band.  
[image: ]
Figure 3: Architecture for Device 2b with RF envelope detector

[image: ]
Figure 4: Architecture for Device 2b with IF envelope detector

[image: ]
Figure 5: Architecture for Device 2b with zero IF receiver

Proposal 5: RAN1 adopts and studies the architectures for Device 2b with RF envelope detector, IF envelope detector and zero IF in Figures 3, 4 and 5.


Conclusion
This contribution has discussed the architecture for Device 2a and Device 2b. Our observations and recommendations are as follows: 
Observation 1: In the RAN1 agreement, the terminology of Device 2 is not in line with the revised terminology in the SID.
Proposal 1: 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.


Observation 2: In the RAN agreement, the study of design of energy harvesting signal/waveform is out of SI scope in Rel-19. 
Proposal 2: RAN1 should not further discuss technical design of energy harvesting signal/waveform for Device 1, Device 2a, and Device 2b.
Proposal 3: RAN1 adopts and studies the architecture for Device 2a with IF envelope detector and zero IF receivers as shown in Figures 1 and 2.
Observation 3: The carrier frequency used for D2R signal (or channel, e.g., PDRCH) transmission is internally (or locally) generated by Device 2b instead of provided externally. 
Proposal 4: Device 2b should operate in the FDD mode in the NR FR1 licensed spectrum for Topologies 1 and 2:
· Device 2b transmits a D2R signal or channel (e.g., PDRCH) using an internally generated carrier frequency in the uplink FDD band, and
· Device 2b receives an R2D signal or channel (e.g., PRDCH) on a carrier frequency in the downlink FDD band.
Proposal 5: RAN1 adopts and studies the architectures for Device 2b with RF envelope detector, IF envelope detector and zero IF in Figures 3, 4 and 5.
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