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Introduction
In this document we present our views on specific Ambient IoT device architecture details with reference to the RAN1#116bis agreements made and summarized by the FL. 
Previous Agreements & RAN1#117 plan
In the RAN1#116bis FL summary section 2 and 3 the following online discussion agreements and issues with FL request for inputs in RAN#117 are listed [1].
		The following objectives are set, within the General Scope:
1. Evaluation assumptions
a) Conclude at least the following aspects of design targets left to WGs in Clause 5 (RAN design targets) of TR 38.848 [RAN1].
· Clause 5.3: Applicable maximum distance target values(s)
· Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
· Clause 5.8: 2D distribution of devices
b) Define necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
c) Identify basic blocks/components of possible Ambient IoT device architectures, taking into account state of the art implementations of low-power low-complexity devices which meet the RAN design target for power consumption and complexity. [RAN1]
d) Define link budget calculation for coverage, including whether/how to model carrier wave from node(s) inside or outside the connectivity topology.
NOTE: Assessment performance of the design targets is within the study of feasibility and necessity of proposals in the following objectives, e.g. by inspection of reference implementations in the field, simulations, analytically.
NOTE: strive to minimize evaluation cases in RAN1.



Section 2 Online Discussion
Agreement
Further study reflection amplifier for Device 2a, considering following aspects:
· Types of reflection amplifier
· Uni-directional/one-way (for D2R)
· Bi-directional/two-way (for both R2D and D2R)
· FFS: switching loss (if applicable)
· One-way Amplification Gain
· E.g. [10, 15, 25] dB
· Considering stability, operating frequency, and power consumption characteristics
· Bandwidth
Agreement
Further study the feasibility of large frequency shift (large FS, i.e. between DL/UL spectrum of an FDD band) for device 2a considering at least following aspects.
· Power consumption characteristics
· Frequency shift range and granularity
· Image suppression or SSB backscatter for large FS
· IF carrier frequency accuracy
· Harmonics suppression
Note: the necessity (including applicable potential scenarios) of large FS can still be discussed in other agendas of the SI
Agreement
Study device 2b architecture w/ RF-ED receiver with following blocks.
· 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 for harvesting energy from e.g., RF signal, solar, vibration/movement, temperature difference, etc
· 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).
· 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, if present
· 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
· Tx Modulator: baseband bits are modulated according to modulation scheme. This block could be the part of BB logic.
· Digital to Analog Converter (DAC) converts digital signal to analog signal.
· Low pass filter for filtering out undesired signal
· Mixer performs up converting baseband signal to RF range.
· Local oscillator (LO) for carrier frequency generation
· FFS: PLL/FLL
· FFS: Power amplifier (PA) amplifies tx signal, if present
· Details on transmitter related blocks depends on tx waveform/modulation.

Agreement
Study device 2b architecture with ZIF receiver with following blocks.
· 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 for harvesting energy from e.g., RF signal, solar, vibration/movement, temperature difference, etc
· 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, detector, 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).
· Local oscillator (LO) for generating carrier frequency for Tx and Rx
· FFS: PLL/FLL
· FFS: one LO or separate LOs for Tx and Rx
· 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.
· Mixer down converts RF signal to BB stage. 
· Depending on implementation, there could be one or two mixers for Rx and Tx
· BB amplifier amplifies BB signal
· BB LPF can filter out undesired 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
· Tx Modulator: baseband bits are modulated according to modulation scheme. This block could be the part of BB logic.
· Digital to Analog Converter (DAC) converts digital signal to analog signal.
· Low pass filter for filtering out undesired signal
· Mixer performs up converting baseband signal to RF range.
· FFS: Power amplifier (PA) amplifies tx signal, if present
· Details on transmitter related blocks depends on e.g., waveform/modulation, etc

Agreement
Study device 2b architecture with IF-ED receiver with following blocks.
· 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 for harvesting energy from e.g., RF signal, solar, vibration/movement, temperature difference, etc
· 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).
· Local oscillator (LO) for generating carrier frequency for Tx, or for generating carrier frequency offset by the IF for Rx
· FFS: PLL/FLL
· FFS: one LO or separate LOs for Tx and Rx
· 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, if present
· Mixer down converts RF signal to IF stage. 
· Depending on implementation, there could be one or two mixers for Rx and Tx
· IF amplifier amplifies IF signal
· IF filter for filtering out unwanted RF and LO signals
· IF envelope detector (IF-ED) detects envelope from IF signal.
· BB amplifier
· Depending on implementation, one or both of IF amplifier and BB amplifier may exist.
· 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
· Note: image rejection is required
· Transmission related blocks
· Tx Modulator: baseband bits are modulated according to modulation scheme. This block could be the part of BB logic.
· Digital to Analog Converter (DAC) converts digital signal to analog signal.
· Low pass filter for filtering out undesired signal
· Mixer performs up converting baseband signal to RF range.
· FFS: Power amplifier (PA) amplifies tx signal, if present
· Details on transmitter related blocks depends on e.g., waveform/modulation, etc

Section 3 RAN1#117 Plan
Thanks for your contributions to agenda 9.4.1.2 during RAN1#116b. For RAN1#117, FL requests companies to check following issues and provide input.
· Additional inputs on reflection amplifier (Section 4.1)
· Additional inputs on frequency shift (Section 4.2)
· Small frequency shift and FDM 
· Large frequency shift and SSB
· Feasibility of energy storage and sustainable device operation (FL Proposal 11.3)
· Amount of energy (uJ) required for different devices 1/2a/2b
· Feasibility in terms of capacitor size (uF) /cost ($)
· Supportable sustainable device operation time for inventory
· Device behavior/assumptions for cold start / warm start / sleep / etc
· Sequence detector and power detector (FL Proposal 17.3)
· Current device architecture diagrams do not include any block for power detection / sequence detection which could be used for device wake up. 
· Power detection or sequence detection enables low power R2D (preamble/sync) monitoring operation for devices.
· This may require a new component block which can be turned on/off separately from BB logics.
· Feasibility of component blocks need to be studied in terms of power consumption / device power state / complexity.
· FL Proposal 8.1 modulation/waveforms choices (OOK, PSK, FSK, etc) on device architecture
· FL requests inputs on impact of waveform choices on device complexity/power. 
· The intention is to better understand potential impact, if any, and help the discussion of modulation/waveform.
· FL Proposal 12.1, FL Proposal 14.1 Energy harvesting aspects
· EH sensitivity and power conversion efficiency need to be studied to check the feasibility of provided inputs from companies and identify reasonable choices/ranges.
· FL Proposal 6.1 Receiver sensitivity and device power consumption
· Until RAN#116b, we had total 5 different device architectures w/ different receiver types.
· Companies to provide assumed sensitivity and power numbers for each device.
· FL Proposal 15.1 Clock assumptions
· Clock is one of most important components in device architecture. Given that it’s accuracy, speed, power consumption, etc have high impact on device complexity, power and feasibility of certain features – sampling, timing, frequency shift, sleep, etc, FL requests companies to provide more input on clock assumptions for different device.
· Component block level assumptions for devices
· In each device, RAN1 agreed component blocks with some high-level description.
· FL request companies to provide detailed assumptions on these individual component blocks including important characteristics/parameters, e.g., power, bit width, frequency, bandwidth, etc.
· Selectivity, multi band support
· Feasibility of RF BPF, IF LPB, BB LPF in terms of complexity, cost, form factor, etc
· Whether/how to achieve high selectivity for better communication and energy harvesting performance.
· Whether/how to support multi-bands/operators; wide band support may be beneficial for this purpose. But, it could conflict with achieving high selectivity.
· Remaining issues
· There are many FFS points in current agreement. Please provide additional inputs for these FFS.
· More input on memory, comparator, ADC, etc are necessary.



With reference to the above listed agreements and issues the following Ambient IoT device architecture related topics are further discussed in this document. 
· Reflection amplifier stability
· Large frequency shift
· Feasibility of energy storage and sustainable device operation
· Sequence and power detector vs. R2D sensitivity
· Receiver BPF, RF-ED, Selectivity, and multi-band support
[bookmark: _Hlk510705081]Reflection amplifier stability
For device type 2a reflection amplification the RAN1#116bis agreement reads:
	Agreement
Further study reflection amplifier for Device 2a, considering following aspects:
· Types of reflection amplifier
· Uni-directional/one-way (for D2R)
· Bi-directional/two-way (for both R2D and D2R)
· FFS: switching loss (if applicable)
· One-way Amplification Gain
· E.g. [10, 15, 25] dB
· Considering stability, operating frequency, and power consumption characteristics
· Bandwidth




 
An Ambient IoT device can increase D2R signal SNR by utilizing a low-power reflection amplifier, which can be implemented as a single-port, sub-biased oscillator. One practical issue with reflection amplifiers is stability (see section 4 of Ref [2] for a practically implemented reflection amplifier). For a given amplifier bias the reflection amplifier can become unstable and start oscillating when exposed to a high-power incident RF signal, which will result in undesired interference, compromising the Ambient IoT device data reception at the reader and potentially violate spurious emission requirements. The oscillation can be prevented by adjusting either the power of the RF signal or the amplifier bias level.  
The Ambient IoT device can incorporate reflection amplifier control that allows turning reflection gain on/off or increasing/reducing the bias level, based on the R2D configuration signalling. 
D2R reader-based oscillation detection: 
When the reader detects a device that has been driven to oscillation (e.g. the device self-oscillates and radiates the oscillation signal even without R2D or CW2D carrier), it may request the Ambient IoT device to fall back to passive backscatter mode, i.e. turn off the reflection gain and/or adjust the power level of the CW signal. The Ambient IoT device should incorporate mechanism to follow the R2D request, e.g. see Figure 1 where switch SW1 controls the amplifier bias and SW2 isolates the amplifier from the modulator, allowing passive backscatter modulation. The reader may detect an unstable amplifier by assessing the SINR of the D2R signal; an oscillating amplifier will create self-interference/distortion to the backscatter waveform, even when the received signal strength at the reader is high. In these cases, the reader may elect to periodically adjust the activation signal transmit power level to detect and prevent reflection amplifier instabilities. The devices then may adjust the amplifier bias level (e.g. low/mid/high) based on reader R2D request.
[image: A diagram of a power system

Description automatically generated]
[bookmark: _Ref163035793]Figure 1. Device block diagram for reflection amplifier oscillation detection and passive backscatter fallback.

Ambient IoT device-based oscillation detection: 
When the CW2D carrier is activated an ambient IoT device may have capability to detect reflection amplifier oscillation locally and attempt to stabilize by adjusting the amplifier bias level before initiating the D2R response modulation. Such operation may involve s series of oscillation detect and re-bias attempts which takes time and ultimately the Ambient IoT device initiate the D2R response with stable reflection amplification at found bias level or with the amplifier turned off if adjustment is unsuccessful. Such detection and adjustment may be executed autonomously by the device but R2D configuration and D2R reporting related to such feature has some clear advantages:
· By device configuring of detect and adjust routine on/off, R2D relative start time and duration of the detect & adjust procedure the configured D2R reader monitor window can be minimized.
· By device reporting of found bias level and amplifier state (on/off) the network can optimize the configuration for subsequent device activations. E.g. if amplifier is reported on then use the reported bias and disable the detect and adjust routine, or if amplifier is off and/or reported bias is close to minimum then reduce CW2D RF carrier power level.   
       
[bookmark: Proposal10525]Proposal 1: For type 2a Ambient IoT devices with reflection amplifier block, it is proposed to include mechanisms that allow for reflection gain activation, deactivation, gain selection, and passive backscatter fallback, to prevent D2R signal distortion or interference from instable reflection amplifier operation.
[bookmark: Proposal10526]Proposal 2: For type 2a Ambient IoT devices with device local reflection amplifier oscillation detection and adjustment capability it is proposed to enable control of such feature via R2D signal configuration and reporting of results and reflection amplifier state via D2R signalling.

Large frequency shift
For device type 2a support of large frequency shift the RAN1#116bis agreement reads:
	Agreement
Further study the feasibility of large frequency shift (large FS, i.e. between DL/UL spectrum of an FDD band) for device 2a considering at least following aspects.
· Power consumption characteristics
· Frequency shift range and granularity
· Image suppression or SSB backscatter for large FS
· IF carrier frequency accuracy
· Harmonics suppression
Note: the necessity (including applicable potential scenarios) of large FS can still be discussed in other agendas of the SI




Benefits of large frequency shift
For type 2a devices, large frequency shifting can be used for system compliance, enhancing performance, and to meet potential application requirements (e.g. wide backscatter bandwidth).
The main benefit of large frequency shift is the increased duplex spacing between CW2D/R2D and D2R signals, which results in:
· Feasibility/compliance: with a large frequency shifter, the type 2a device can perform frequency translation between FDD DL and UL spectrum in a way that the system is compliant. E.g., R2D/CW2D carrier wave can be transmitted in NR UL spectrum by a UE/intermediate node, the Ambient IoT device can frequency shift its backscattering response signal to the NR DL spectrum, which can be received by another UE/intermediate node, without violating the intended spectrum usage. Similarly, a gNB can transmit carrier wave in NR DL spectrum, the Ambient IoT device can frequency shift to the NR UL spectrum, which can be received by a gNB. Without such large frequency shift, the transmission/reception will have to be performed wholly either in UL or DL spectrum, which leads to interference problems.
· Reduced carrier interference at the reader. The received backscatter signal power can be significantly lower than the received activation or CW signal power, leading to poor dynamic range at the reader. With the use of diplexer filters, high isolation (40 to 70 dB) can be achieved for duplex spacings of 20~40 MHz found in FR1 FDD bands. 
· Higher frequency shift offers potential for wider backscatter signal bandwidth for applications that require it.

Frequency shift range and granularity
The FR1 FDD frequency bands around 900 MHz (e.g. n8, n26) utilize a duplex spacing of 45 MHz (DL-center frequency to UL-center frequency). An obvious choice could be a device frequency shift equal to the duplex spacing if the bandwidth around the DL and UL center frequencies needs to be maximized. Alternatively, a frequency shift of at least the duplex gap (difference between the max UL frequency and the min DL frequency) could be used, if the frequency shift needs to be minimized, while still operating in the UL/DL spectrum.
As an example, consider the FR1 FDD band n8. The UL spectrum is 880-915 MHz, and the DL spectrum is 925-960 MHz. Based on the previous discussion, a frequency shift of 45 MHz will translate a CW2D signal at 897.5 MHz (center of n8 UL) to a D2R signal at 942.5 MHz (center of n8 DL). Alternatively, as an edge case, a frequency shift of 10 MHz will translate a CW2D signal at 915 MHz (upper edge of n8 UL) to a D2R signal at 925 MHz (lower edge of n8 DL).
Also, while not in scope of the study, for TDD bands, the large frequency shift is advantageous, since it can separate the band into CW2D/R2D and D2R frequency regions. Figure 2 shows potential use of large frequency shift to implement subband full duplex (SBFD) in a TDD band. 

[image: ]
[bookmark: _Ref166009471]Figure 2. Use of large frequency shift in TDD sub-band full duplex (SBFD).
Therefore, it is desirable to study frequency shifts on the order of 5-50 MHz. 
Considering that integrated low-power oscillators (e.g. ring oscillators, RC oscillators) can have a precision of 10^5 ppm (i.e. 10%), the granularity of the frequency shift could be on the order of 1 MHz.
[bookmark: Proposal10527]Proposal 3: Study to include large frequency shift on at least the 5~50 MHz range, with a granularity of 1 MHz.
Power consumption aspects
Reference 0 describes a backscatter system that utilizes a 20 MHz frequency shift. The system comprises a ring oscillator that provides the intermediate frequency (IF) of 20 MHz, a gate used as modulator (digitally mixing the low-rate baseband device data with the IF), and an RF transistor performing the backscatter load modulation (Figure 3).
[image: ]
[bookmark: _Ref165928901]Figure 3. Block diagram of frequency shifting modulator (Ref. 0 ).
Envelope calculation for the frequency shifting modulator shows a very low power consumption, down to 45 uW for 50 kbps device data rate with 20 MHz backscatter frequency shift. This is made possible by lowering the supply voltage, as well as shifting the DC operating point of the backscatter modulator, which can lower the power consumption by 3 times (Figure 4). 
[image: ]
[bookmark: _Ref165929258]Figure 4. Power consumption breakdown for frequency shifted backscatter system (Ref. 0 ).
For CMOS circuits, the power consumption is expected to scale with frequency (i.e. for frequency shift of 45 MHz, the peak power consumption would be on the level of 100uW). It is important to note that an integrated solution (e.g. in an ASIC) could offer even better power consumption figures.
For Type 2a devices that have energy storage, such operation can be supported with microwatt consumption. 
[bookmark: Observation77357]Observation 1: Large frequency shift of tens of MHz can be implemented with microwatt operation and can be suitable for Type 2a devices with energy storage.
[bookmark: Proposal10528]Proposal 4: Study to determine the maximum possible large frequency offset, within the allowable power consumption budget.
Image suppression or SSB backscatter for large FS
Since frequency shifting is a mixing operation with an IF, the backscatter signal will feature two sidebands around the CW2D/R2D center frequency, spaced by Fshift. This can result in out-of-channel emissions (interference), or out-of-band emissions when CW2D center frequency is close to band edge. Overall, DSB backscatter has reduced spectral efficiency compared to SSB. Reference 0 describes methods to realize single sideband backscatter for binary modulated data, at the expense of additional circuitry. One implementation is shown in Figure 5, where two time-shifted replicas of the baseband data drive backscatter modulator branches with different reflection coefficients, effectively creating phase-shifted replicas of the signal. The phase-shifted signals, when combined, produce SSB backscatter, in an image-reject mixer fashion. 
[image: ]
[bookmark: _Ref165930999]Figure 5. Implementation of SSB backscatter (Ref. 0)

It is important to note that although this results in higher spectral efficiency, there are several tradeoffs:
1) Additional circuit complexity which multiplies the instantaneous power consumption.
2) Insertion loss due to signal splitting and combining. 
3) Potentially low achievable sideband rejection due to low-complexity electronics and implementation impairments.

Therefore, it is beneficial to study when SSB or DSB backscattering should be applied, including link budget considerations.
[bookmark: Proposal10529]Proposal 5: Study to include SSB and DSB backscattering options, while considering additional device power cost and link budget penalty due to increased insertion loss. 
[bookmark: Proposal10530]Proposal 6: Clarification is needed if target level for SSB suppression should be in the scope of the study or not.
IF carrier frequency accuracy
The IF frequency will be derived from the device clock. Low-power clocks (e.g. RC oscillators) have very loose tolerances on the order of 10%. The effect of this is the undesired unknown shifting in the frequency domain of the D2R backscatter spectrum. This poses two challenges:
1) The reader baseband processing will have to tolerate effective frequency offset on the D2R signal due to clock tolerances.
2) The reader analog front-end will have to tolerate non-centered D2R backscattering with respect to its RF/channel filter center frequency.

[bookmark: Observation77358]Observation 2: The device clock affects the IF frequency accuracy, which has direct implication on D2R decoding at the reader.
In prior RAN1 meetings there has been discussion on initial sampling frequency offset (SFO) for AIoT devices on the order of 104~105 ppm, where this would be further reduced after some synchronization/calibration between the reader and device. This synchronization could facilitate generating a more accurate IF frequency. However it comes with additional cost for performing the synchronization, which needs to be studied.
[bookmark: Proposal10531]Proposal 7: Study to evaluate if synchronization for initial SFO reduction is feasible and therefore advantageous for accurate IF frequency generation, considering power budget and implementation complexity.

Harmonics suppression
To maintain low complexity, the large frequency shifter in Ref. 0 is implemented as a digital mixer with a logic gate. Additionally, the IF signal is a digital pulse train (as opposed to a sinusoid used in active transmitter LOs). It is therefore apparent that the non-linear operation will produce harmonics at integer multiples of the IF frequency, which can spill over the DL/UL channel spectrum. Note that this is not unique to the large frequency shifting operation, but it will be a result of any frequency shifting (even small). It can be argued that the harmonics will have a lower peak RF power level than the main D2R backscatter response, however, it should be clarified if a target level for harmonic suppression should be specified in the scope of the study. Suppressing harmonics through filtering will come at the cost of additional losses on the device, resulting in lower SNR of the main D2R response.
[bookmark: Proposal10532]Proposal 8: Clarification is needed if target level for harmonic suppression should be in the scope of the study or not. 


Feasibility of energy storage and sustainable device operation
With reference to [1], for RAN1#117, FL requests companies to check following issues and provide input.
	· Feasibility of energy storage and sustainable device operation (FL Proposal 11.3)
· Amount of energy (uJ) required for different devices 1/2a/2b
· Feasibility in terms of capacitor size (uF) /cost ($)
· Supportable sustainable device operation time for inventory
· Device behavior/assumptions for cold start / warm start / sleep / etc




Based on each Ambient IoT device type’s capabilities, different memory blocks may be included. A form of non-volatile memory will be necessary for all device types to at least store the device ID and device type. Registers can hold temporary information related to the ongoing session but to conserve energy in the energy storage block, the contents would not be preserved during power down by default. An exception would be if the network session control instructs to do so, via R2D configuration. In that case, the device may enter a "sleep” mode that preserves a subset of the register contents before it wakes up again e.g. by an on-device timer event. This can be advantageous for time-deferred Ambient IoT device transmission for interference or contention avoidance. Following that operation, the device can power-down, which will erase contents of the registers.
[bookmark: Proposal10533]Proposal 9: For lowest device power consumption it is proposed for the Ambient IoT device to default power fully down (no state preservation assumed) unless instructed otherwise by the R2D activation configuration.

[bookmark: _Ref165985029]Sequence and power detector vs R2D sensitivity
With reference to [1], for RAN1#117, FL requests companies to check following issues and provide input.
	· Sequence detector and power detector (FL Proposal 17.3)
· Current device architecture diagrams do not include any block for power detection / sequence detection which could be used for device wake up. 
· Power detection or sequence detection enables low power R2D (preamble/sync) monitoring operation for devices.
· This may require a new component block which can be turned on/off separately from BB logics.
· Feasibility of component blocks need to be studied in terms of power consumption / device power state / complexity.
· FL Proposal 6.1 Receiver sensitivity and device power consumption
· Until RAN#116b, we had total 5 different device architectures w/ different receiver types.
· Companies to provide assumed sensitivity and power numbers for each device.



In the passive RFID tag specifications, the term “sensitivity” is typically used to denote the RF power incident at the tag to power up for a read or a write operation (often the threshold for reading and writing are different). Sensitivity is RF harvester-limited in RFID tags, and not RFID tag receiver limited.
However, for Ambient IoT devices that include both an RF energy harvester and a reception block, there shall be distinct terms for the device power up via RF energy harvesting and for the receiver operation. The Ambient IoT device reception block may include gain and can therefore decode R2D transmissions from further distance once the reception block is powered up.
For example, a Type 2 Ambient IoT device with -45 dBm receiver sensitivity can be activated by an R2D signal from 50 m away (in path loss exponent = 2.5 environment), provided that it is powered on and utilizing energy from its energy storage to support the operation. However, the same device, if solely relying on RF harvesting to power up (e.g. requiring at least -25 dBm), would be harvester-limited and therefore would be activated from only 7.9 m away. Conversely, Type 1 devices that do not employ receiver gain and energy storage will always be limited to the harvester power-up threshold for device activation.
The above suggest that activation (R2D) distance should be decoupled from the RF harvesting / RF triggered power-up distance with terms that would be applicable to all device types.
[bookmark: Observation77359]Observation 3: For lowest power consumption an Ambient IoT receiver cannot be always powered up for R2D monitoring. As such Ambient IoT receiver power up may be triggered by RF power detection (or RF power detection followed by preamble/sequence detection) which may have a higher power threshold than what is required for subsequent reception and decoding of R2D payload data. 
[bookmark: Proposal10534]Proposal 10: Distinguish/separate definitions of device power-up threshold and receiver sensitivity in the RAN1 study. 

Receiver BPF, RF-ED, Selectivity and multi-band support
With reference to [1] for RAN1#117, FL requests companies to check following issues and provide input.
	· 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.
· 
· Selectivity, multi band support
· Feasibility of RF BPF, IF LPB, BB LPF in terms of complexity, cost, form factor, etc
· Whether/how to achieve high selectivity for better communication and energy harvesting performance.
· Whether/how to support multi-bands/operators; wide band support may be beneficial for this purpose. But, it could conflict with achieving high selectivity.




In between R2D activation events it is assumed that the Ambient IoT device default is fully powered down with no state preservation and with the antenna in match condition thereby enabling receiver wake up by RF power detection. The receiver may wake up by detecting the power of the R2D signal and/or the CW signal.   
For successful R2D signal reception at the Ambient IoT device the receiver needs to be powered up when the R2D signal arrives, and reception must be at adequate SINR conditions.
As discussed in section 6 the RF power level threshold for triggering Ambient IoT RF energy harvesting and/or receiver power up may be higher than the receiver R2D sensitivity level. For cases with separate CW node it therefore makes sense that the CW node carrier wave is used for both Ambient IoT receiver power up prior to R2D signal reception and for D2R backscatter carrier wave.
In any case if the CW carrier wave is enabled while the Ambient IoT device is receiving the R2D signal the SINR is poor, and the carrier wave may completely drown the R2D signal if the CW node is located close to the ambient IoT device.
With reference to Figure 6 two solutions exist: 
· Filtering: The Ambient IoT signal receiver has adequate frequency selectivity to attenuate the carrier wave and/or any other radio signal within the bandwidth of the Ambient IoT device antenna.
· Timing: Per system design it is ensured that the carrier wave and any other radio signal within the bandwidth of the Ambient IoT device antenna is not active while the R2D signal is being transmitted.
         
[image: A diagram of a process
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[bookmark: _Ref162965395]Figure 6: Ambient IoT device function block diagrams for signals separated by timing or by filtering.  
If relying purely on separation in time the Ambient IoT device may experience false receiver power up triggered by any radio RF signal above a power threshold and as such some bandpass filtering even in the RF power detection path may be considered. 
If the R2D signal is implemented in a similar way as the 3GPP low power wake up signal (WUS) 0 then the R2D signal may be transmitted at certain PRBs protected by a guard band towards normal NR traffic. The size of the guard band dictates required filter attenuation and RF filters with steep attenuation profile are costly and if not tunable inflexible for support of different R2D signal frequencies. 
As such by considering IF-ED or Zero-IF receiver rather than RF ED the selectivity filtering may be less costly, and the device may be more flexible supporting multiple bands and frequencies. 
[bookmark: Proposal10535][bookmark: Proposal47043]Proposal 11: Consider the conclusions and recommendations from the 3GPP WUS/WUR study 0 for similarity and applicability also for the Ambient IoT D2R signal and Ambient IoT device receiver design.
[bookmark: Proposal10536]Proposal 12: Study the benefits of using IF-ED or Zero-IF receiver rather than RF ED for receiver selectivity related to CW/R2D signal frequency flexibility and multi band support.
[bookmark: Proposal10537][bookmark: Proposal47044]Proposal 13: For Ambient IoT device implementations with D2R receiver power up via RF power detector some level of frequency selectivity in the RF power detector path should be considered to minimize false receiver power up occurrences triggered by normal NR traffic.
[bookmark: Proposal47045][bookmark: Proposal10538]Proposal 14: The carrier wave signal needs to be under network control and synchronized with the D2R signal generation to enable interference avoidance by timing and associated simple low cost ambient IoT device implementation. 

Conclusion
In this contribution, we have made the following observations and proposals related to Ambient IoT: 
Proposal 1: For type 2a Ambient IoT devices with reflection amplifier block, it is proposed to include mechanisms that allow for reflection gain activation, deactivation, gain selection, and passive backscatter fallback, to prevent D2R signal distortion or interference from instable reflection amplifier operation.
Proposal 2: For type 2a Ambient IoT devices with device local reflection amplifier oscillation detection and adjustment capability it is proposed to enable control of such feature via R2D signal configuration and reporting of results and reflection amplifier state via D2R signalling.
Proposal 3: Study to include large frequency shift on at least the 5~50 MHz range, with a granularity of 1 MHz.
Observation 1: Large frequency shift of tens of MHz can be implemented with microwatt operation and can be suitable for Type 2a devices with energy storage.
Proposal 4: Study to determine the maximum possible large frequency offset, within the allowable power consumption budget.
Proposal 5: Study to include SSB and DSB backscattering options, while considering additional device power cost and link budget penalty due to increased insertion loss. 
Proposal 6: Clarification is needed if target level for SSB suppression should be in the scope of the study or not.
Observation 2: The device clock affects the IF frequency accuracy, which has direct implication on D2R decoding at the reader.
Proposal 7: Study to evaluate if synchronization for initial SFO reduction is feasible and therefore advantageous for accurate IF frequency generation, considering power budget and implementation complexity.
Proposal 8: Clarification is needed if target level for harmonic suppression should be in the scope of the study or not. 
Proposal 9: For lowest device power consumption it is proposed for the Ambient IoT device to default power fully down (no state preservation assumed) unless instructed otherwise by the R2D activation configuration.
Observation 3: For lowest power consumption an Ambient IoT receiver cannot be always powered up for R2D monitoring. As such Ambient IoT receiver power up may be triggered by RF power detection (or RF power detection followed by preamble/sequence detection) which may have a higher power threshold than what is required for subsequent reception and decoding of R2D payload data. 
Proposal 10: Distinguish/separate definitions of device power-up threshold and receiver sensitivity in the RAN1 study. 
Proposal 11: Consider the conclusions and recommendations from the 3GPP WUS/WUR study 0 for similarity and applicability also for the Ambient IoT D2R signal and Ambient IoT device receiver design.
Proposal 12: Study the benefits of using IF or Zero-IF ED receiver rather than RF ED for receiver selectivity related to CW/R2D signal frequency flexibility and multi band support.
Proposal 13: For Ambient IoT device implementations with D2R receiver power up via RF power detector some level of frequency selectivity in the RF power detector path should be considered to minimize false receiver power up occurrences triggered by normal NR traffic.
Proposal 14: The carrier wave signal needs to be under network control and synchronized with the D2R signal generation to enable interference avoidance by timing and associated simple low cost ambient IoT device implementation. 
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