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1. Introduction
[bookmark: OLE_LINK1]The revised Rel-19 study item on ambient internet of things (A-IoT) for NR has been approved in RAN#103 plenary meeting [1], which can be found in Appendix. Furthermore, we discussed initial issues for A-IoT device architectures during RAN1#116 meeting and RAN1#116-bis meeting, and some agreements were achieved [2,3], which can be found in Appendix.
In this contribution, we present our views on the potential basic blocks/components of A-IoT device architectures.
2. Evaluation on complexity and power consumption
The industrialization of A-IoT devices hinges on their complexity and power consumption, necessitating a design approach that prioritizes low complexity and power consumption at the outset of discussions. From this perspective, it becomes imperative to evaluate the complexity and power consumption associated with the current ambient IoT design, including aspects such as waveform. However, at this stage, there is a lack of available conditions for assessing the implementation complexity and power consumption of the A-IoT device. Although RAN1 offers the lowest complexity and power consumption for device design, it does not guarantee meeting coverage requirements. Therefore, after ensuring basic KPIs are met, an evaluation of complexity and power consumption should be conducted to provide a basis for selecting appropriate technical solutions.
Observation 1: At this stage, there is a lack of available conditions for assessing the implementation complexity and power consumption of the A-IoT device.
Proposal 1: The evaluation on complexity and power consumption should be addressed subsequent to further clarification of the technical proposal.
In the design of A-IoT devices, high implementation complexity often leads to increased product costs, thus emphasizing the need for lower implementation complexity. Implementation complexity generally encompasses two aspects: hardware and algorithm complexities, which are interdependent. For instance, intricate hardware designs often necessitate complex algorithm implementations. Conversely, reducing hardware design complexity can help mitigate the requirement for complex algorithms to some extent. Therefore, it is preferable to primarily focus on hardware design complexity while interspersing discussions on algorithm implementation within relevant sections.
[bookmark: OLE_LINK5]Observation 2: High implementation complexity often leads to increased product costs.
Observation 3: Reducing hardware design complexity can help mitigate the requirement for complex algorithms to some extent.
[bookmark: _GoBack]Proposal 2: RAN1 should focus on the discussion of hardware complexity for A-IoT device architectures, if need.
Before evaluating complexity, it is necessary to determine a universally applicable method. For example, by dividing a modular circuit into a certain number of basic electronic components, the resulting hardware design with fewer basic electronic components is less complex. 
Proposal 3: A universally applicable method should be studied for evaluating complexity, if need.
Compared to legacy UE, A-IoT devices exhibit ultra-lower peak power consumption. To meet power requirements, it is necessary to address the most energy-intensive components of the A-IoT device in further discussion.
[bookmark: OLE_LINK27][bookmark: OLE_LINK6]Proposal 4: To evaluate power consumption, the most power hungry components the A-IoT device needs to be addressed in the discussion based on the blocks in architectures, and a universally applicable method should be studied, if need.
3. [bookmark: OLE_LINK26][bookmark: OLE_LINK3]Architectures for A-IoT device
The discussion on A-IoT device architecture should not impose any limitations on the implementation of the final product. This implies that as long as the ultimate architecture of the A-IoT device satisfies peak power limits and other corresponding KPIs, the inclusion of components depends on the implementation. A-IoT devices with diverse architectures may exhibit varying capabilities.
Proposal 5: The discussion on A-IoT device architecture should not impose any limitations on the implementation of the final product. 
3.1. [bookmark: OLE_LINK7][bookmark: OLE_LINK9]Architectures with ZIF and IF-ED receivers for device 2a
During the previous RAN1 meeting, we extensively deliberated on the architectural aspects of device1, device 2a, and device 2b individually, culminating in some preliminary consensuses. All three devices embrace an RF-ED based receiver architecture that exhibits commendable attributes such as low power consumption. This characteristic ensures optimal functionality at reduced peak power levels while effectively managing costs. Notably, both device 2a and device 2b exhibit superior peak power capabilities compared to device 1, thereby enabling their integration with high-performance components. In RAN1#116-bis meeting, it was observed that even device 2b supports zero intermediate frequency (ZIF) receiver and intermediate frequency envelope detection (IF-ED) receiver architectures alongside its existing RF-ED framework. The power consumption of both the IF-ED receiver and the ZIF receiver is well within the peak power limit of device 2a, which is comparable to that of device 2b [4,5]. Therefore, these receivers have the potential to be utilized in either device 2b or device 2a. Furthermore, having multiple architectures available provides a broader range of implementation options to meet diverse scenario requirements. Consequently, further discussions are necessary to determine the feasibility of incorporating ZIF receiver and IF-ED receiver architectures into device 2a within the scope of RAN1.
Observation 4: The peak limited power of device 2a is similar to that of device 2b, and the potential power consumption of both the IF-ED receiver and the ZIF receiver falls within the peak power limit of device 2a.
Proposal 6: RAN1 could conduct further investigation on the architecture based on ZIF or IF-ED receivers for device 2a, if deemed necessary.
[bookmark: OLE_LINK4][bookmark: OLE_LINK10]If the architecture based on ZIF and IF-ED receivers for device 2a is further discussed, the following architecture can be used as a starting point for discussion.
· [bookmark: OLE_LINK8]Blocks for device 2a architecture w/ ZIF 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.
· 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
· 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).


Figure 1: Blocks for device 2a with ZIF receiver
· Blocks for device 2a architecture w/ IF-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, 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
· 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).


Figure 2: Blocks for device 2a with IF-ED receiver
3.2. Reflection amplifier for Device 2a
In RAN1#116-bis meeting, the following agreements are achieved based on proposals from companies:
	Agreement
[bookmark: OLE_LINK12]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)
· [bookmark: OLE_LINK18]FFS: switching loss (if applicable)
· [bookmark: OLE_LINK16]One-way Amplification Gain
· E.g. [10, 15, 25] dB
· Considering stability, operating frequency, and power consumption characteristics
· Bandwidth



[bookmark: OLE_LINK14][bookmark: OLE_LINK15]The gain of the reflection amplifier was investigated in the frequency range of 800MHz to 1.2GHz under varying input power levels [6]. The results demonstrate that both input power and frequency significantly impact the final gain. Specifically, at 900MHz, with an input power of -30dBm, the reflection amplifier achieves a gain of approximately 10dB; whereas at an input power of -40dBm, the gain increases to around 15dB. Furthermore, with an input power as low as -50dBm, the reflection amplifier achieves a substantial gain of approximately 20dB. The power of the amplifier's final input signal is influenced by various factors, including Tx power, path loss, Rx loss, and loss because of matching. Particularly for continuous wave (CW) signals, assuming a transmit power of 23 dBm in the uplink spectrum and 33 dBm in the downlink spectrum. Therefore, it is imperative to separately examine the factors influencing the input power of the reflection  amplifier in both R2D and D2R.
Observation 5: The gain of the reflection amplifier in device 2a, operating at a fixed frequency, is significantly influenced by the input power.
Proposal 7: The determination of the one-way gain setting for a reflection amplifier necessitates comprehensive consideration of various factors that impact its input power, such as Tx power, path loss, Rx loss, and loss because of matching.
[bookmark: OLE_LINK17]The support for the two-way reflection amplifier depends on the device's implementation. Considering the power increase during amplifier operation, there may be a loss incurred when switching between R2D signal amplification and D2R signal amplification within the same reflection amplifier. However, this issue can be mitigated by allowing sufficient time during the switching process. Consequently, it is reasonable to assume 0 dB loss at this stage.
Observation 6: The impact of switching on the two-way reflection amplifier can be alleviated by incorporating time intervals between D2R and R2D.
Proposal 8: The switching loss of the two-way reflection can be set to 0 dB as a starting point.
3.3. [bookmark: OLE_LINK21]Frequency shift for device 1 and deivce 2a
In RAN1#116-bis meeting, the following agreements for large FS of deivce 2a are achieved based on proposals from companies:
	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



For the purpose of discussion, a frequency shift range of less than 1 MHz, limited to movement within either the uplink or downlink spectrum, can be referred to as small FS. Conversely, a frequency shift range exceeding 1 MHz and potentially reaching tens of MHz, allowing for movement between both the uplink and downlink spectrum, can be classified as large FS. For small FS, whether device 1 can be supported can be further discussed. 
Proposal 9: Support to define two types FS
· Small FS: A frequency shift range of less than 1MHz, limited to movement within either the uplink or downlink spectrum
· Large FS: A frequency shift range exceeding 1MHz and potentially reaching tens of MHz, allowing for movement between both the uplink and downlink spectrum
Proposal 10: For deivce 1, the benefits of supporting small FS necessitate further elucidation.
If device 2a supports frequency shifter, the gNB can mitigate collisions in uplink data transmission by implementing scheduling techniques. Moreover, the gNB has the capability to simultaneously receive uplink data from different device 2a backscatter at varying frequencies, thereby enhancing overall inventory efficiency. Additionally, from a device perspective, it enables reduction of interference between downlink signals and backscatter uplink signals. As for the range of frequency shift, this can be hundreds of kH or tens of MHz, depending on the structure of the device implementation. 
Observation 7: Reducing hardware design complexity can help mitigate the requirement for complex algorithms to some extent.
[bookmark: OLE_LINK29]Observation 8: The support for frequency shifter in device 2a will significantly enhance the flexibility of gNB scheduling, thereby improving spectrum utilization and inventory efficiency.
Proposal 11: RAN1 should support frequency shifter at least in device 2a for better spectrum utilization and inventory efficiency.
[bookmark: OLE_LINK28]In principle, SSB has the potential to significantly mitigate the uplink bandwidth occupied by backscattered signals; however, it is imperative to conduct further assessment on potential implications related to power consumption and implementation complexity. The SSB-based backscatter module operating at 915MHz in some previous studies has demonstrated power levels of a few hundred µW[7]. Consequently, the utilization of SSB is not feasible for device 1; however, it warrants further investigation to ascertain its suitability for device 2a.
Observation 9: The power consumption of the SSB-based backscatter module is within the range of several hundred µW, which complies with the peak power limitations specified for device 2a.
[bookmark: OLE_LINK30]Proposal 12: Device 1 lacks support for SSB backscatter, while SSB backscatter for large FS in device 2a could be conducted further assessment on potential implications related to implementation complexity.
3.4. Energy harvester and storage
SA1 is exploring the potential of harnessing energy from various sources such as radio waves, light, motion, heat, or any other suitable power source. Each resource requires a specific energy harvesting and storage module. For instance, if an A-IoT device utilizes light for energy harvesting, a photovoltaic circuit becomes essential. Conversely, for radio wave harvesting modules, components like matching networks, voltage multipliers and energy storage may be required. While any power resource can be harvested for A-IoT devices, natural resources like light are susceptible to weather conditions and other factors leading to unstable supply. In contrast to light and other sources, radio waves offer relatively stable power supply which can be provided to A-IoT devices by gNBs or UEs.
Observation 10: Different energy harvesting and storages could be designed for different types of energy.
Observation 11: Compared with light and other power sources, radio wave is a relatively stable power source which can be provided to A-IoT passive device by gNB or UE or other nodes.
Proposal 13: Radio wave should be regarded as baseline power source for A-IoT passive device, while not precluding the exploration of alternative resources as potential power sources in the product.
[bookmark: OLE_LINK31][bookmark: OLE_LINK33]According to existing studies, the efficiency of RF-based energy harvester varies with different input power levels. In [8~10], at input powers of -19.5 dBm, -11.1 dBm, and -1 dBm respectively, the 900MHz RF-based energy harvester module achieved efficiencies of 13%, 27%, and 49%. The input power of the energy harvester module in the actual process is influenced by factors such as device and charging device location, as well as the transmitting power of the charging device, making it challenging to quantitatively analyze the actual charging efficiency. To enable a quantitative evaluation of 900MHz device performance, assuming a starting point for discussion with a charging efficiency range of 10~50% would be appropriate.
[bookmark: OLE_LINK32]Observation 12: The RF-based energy harvester module operates at the same frequency, and its operational efficiency is contingent upon the input power. Specifically, a higher input power corresponds to an increased efficacy in energy harvestering.
Proposal 14: Power conversion efficiency for RF-based energy harvester module at 900MHz could be assumed a starting point for discussion with a charging efficiency range of 10~50%.
The Rel-19 study item on ambient IoT for NR does not provide information about which electronic components can be used for energy storage in A-IoT device architectures, despite the fact that both types of devices mentioned above have different peak power consumption. Devices with batteries require a more controlled working environment due to their temperature sensitivity. Additionally, considering the low cost and large number of A-IoT devices in a network, it is not cost-effective to replace the energy storage component within each device. Once an A-IoT device incorporates a battery for energy storage, its lifespan becomes dependent on the battery's lifespan. Furthermore, during charging and discharging processes where A-IoT devices collect energy from the environment, the battery's lifespan will be further shortened. RAN1 should provide clarification regarding the A-IoT device's energy storage, which is based on a capacitor. The specific size of the capacitor may vary depending on the implementation; however, it should possess sufficient capacity to successfully complete a normal D2R or R2D transfer.
Observation 13: The inclusion of battery-based energy storage in an A-IoT device will result in increased device costs and added complexity during implementation.
Observation 14: A structure with a battery is detrimental to the life of A-IoT device and defeats the original purpose for which ambient IoT for NR was designed.
Proposal 15: RAN1 should provide clarification regarding the A-IoT device's energy storage based on capacitor, and the specific size of the capacitor may vary depending on its implementation.
3.5. LNA for device 2a and device 2b
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]The incorporation of a LNA can significantly enhance signal strength, albeit at the expense of increased power consumption and cost. The device 2a additionally supports LNA to effectively enhance the downlink coverage performance, thereby facilitating broader coverage for the inventory service. Hence, it is imperative to incorporate LNA support in device 2a while ensuring compliance with peak power conditions. Considering the similarity in peak power limits between device 2a and device 2b, it is worth discussing whether to provide support for LNA collectively.
Observation 15: A-IoT devices with LNA will have better performance of downlink coverage, providing broader coverage for inventory services.
Observation 16: It is worth discussing whether to provide support for LNA collectively for device 2a and device 2b because of similar peak power limition.
Proposal 16: LNA should be supported in device 2a/2b without higher than peak power conditions.
3.6. Improving selectivity of device
In the RAN1#116 meeting, the following proposal has been discussed.
	FL Proposal 14.1: Further study how to improve selectivity of device, e.g., feasibility of RF BPF, BB filter, antenna selectivity, etc.


The enhancement of device selectivity can effectively mitigate signal noise, thereby optimizing device performance. However, the incorporation of additional devices such as RF BPF and BB filters may lead to an increase in power consumption. Within the permissible peak power range, it is justifiable to introduce corresponding devices for enhancing device selectivity.
Proposal 17: Within the permissible peak power range, further study how to improve selectivity of device, e.g., feasibility of RF BPF, BB filter, antenna selectivity, etc.
3.7. Tx modulator architectures
In the RAN1#116 meeting, the following proposal has been discussed.
	FL Proposal 4.2: Study following device Tx modulator architectures in terms of power, complexity, cost, etc for different device types.
· OOK modulator
· PSK modulator
· FSK modulator
Note: other modulators are not precluded.


Clearly, it is unnecessary to provide support for all Tx modulator architectures. This issue should be addressed subsequent to the determination of the waveform.
Proposal 18: Tx modulator architectures of devices could be addressed subsequent to the determination of the waveform.
3.8. SFO accuracy
Considering the similarity in peak power between device 2a and device 2b, it is feasible for both receivers to adopt the same architecture, thereby leading to similar requirements for sampling clocks. Consequently, the assumption of sampling frequency can be separately applied to device 1 and device 2.
Proposal 19: Following initial SFO accuracy is assumed for the sampling clocks of device types.
	
	Device 1
	Device 2a/2b

	initial SFO up to 10X ppm
	X= [4, 5]
	X=[3,4]


 
4. Conclusion
In this contribution, we provide the following proposals and observations.
Observation 1: At this stage, there is a lack of available conditions for assessing the implementation complexity and power consumption of the A-IoT device.
Observation 2: High implementation complexity often leads to increased product costs.
Observation 3: Reducing hardware design complexity can help mitigate the requirement for complex algorithms to some extent.
Observation 4: The peak limited power of device 2a is similar to that of device 2b, and the potential power consumption of both the IF-ED receiver and the ZIF receiver falls within the peak power limit of device 2a.
Observation 5: The gain of the reflection amplifier in device 2a, operating at a fixed frequency, is significantly influenced by the input power.
Observation 6: The impact of switching on the two-way reflection amplifier can be alleviated by incorporating time intervals between D2R and R2D.
Observation 7: Reducing hardware design complexity can help mitigate the requirement for complex algorithms to some extent.
Observation 8: The support for frequency shifter in device 2a will significantly enhance the flexibility of gNB scheduling, thereby improving spectrum utilization and inventory efficiency.
Observation 9: The power consumption of the SSB-based backscatter module is within the range of several hundred µW, which complies with the peak power limitations specified for device 2a.
Observation 10: Different energy harvesting and storages could be designed for different types of energy.
Observation 11: Compared with light and other power sources, radio wave is a relatively stable power source which can be provided to A-IoT passive device by gNB or UE or other nodes.
Observation 12: The RF-based energy harvester module operates at the same frequency, and its operational efficiency is contingent upon the input power. Specifically, a higher input power corresponds to an increased efficacy in energy harvestering.
Observation 13: The inclusion of battery-based energy storage in an A-IoT device will result in increased device costs and added complexity during implementation.
Observation 14: A structure with a battery is detrimental to the life of A-IoT device and defeats the original purpose for which ambient IoT for NR was designed.
Observation 15: A-IoT devices with LNA will have better performance of downlink coverage, providing broader coverage for inventory services.
Observation 16: It is worth discussing whether to provide support for LNA collectively for device 2a and device 2b because of similar peak power limition.
Proposal 1: The evaluation on complexity and power consumption should be addressed subsequent to further clarification of the technical proposal.
Proposal 2: RAN1 should focus on the discussion of hardware complexity for A-IoT device architectures, if need.
Proposal 3: A universally applicable method should be studied for evaluating complexity, if need.
Proposal 4: To evaluate power consumption, the most power hungry components the A-IoT device needs to be addressed in the discussion based on the blocks in architectures, and a universally applicable method should be studied, if need.
Proposal 5: The discussion on A-IoT device architecture should not impose any limitations on the implementation of the final product. 
Proposal 6: RAN1 could conduct further investigation on the architecture based on ZIF or IF-ED receivers for device 2a, if deemed necessary.
Proposal 7: The determination of the one-way gain setting for a reflection amplifier necessitates comprehensive consideration of various factors that impact its input power, such as Tx power, path loss, Rx loss, and loss because of matching.
Proposal 8: The switching loss of the two-way reflection can be set to 0 dB as a starting point.
Proposal 9: Support to define two types FS
· Small FS: A frequency shift range of less than 1MHz, limited to movement within either the uplink or downlink spectrum
· Large FS: A frequency shift range exceeding 1MHz and potentially reaching tens of MHz, allowing for movement between both the uplink and downlink spectrum
Proposal 10: For deivce 1, the benefits of supporting small FS necessitate further elucidation.
Proposal 11: RAN1 should support frequency shifter at least in device 2a for better spectrum utilization and inventory efficiency.
Proposal 12: Device 1 lacks support for SSB backscatter, while SSB backscatter for large FS in device 2a could be conducted further assessment on potential implications related to implementation complexity.
Proposal 13: Radio wave should be regarded as baseline power source for A-IoT passive device, while not precluding the exploration of alternative resources as potential power sources in the product.
Proposal 14: Power conversion efficiency for RF-based energy harvester module at 900MHz could be assumed a starting point for discussion with a charging efficiency range of 10~50%.
Proposal 15: RAN1 should provide clarification regarding the A-IoT device's energy storage based on capacitor, and the specific size of the capacitor may vary depending on its implementation.
Proposal 16: LNA should be supported in device 2a/2b without higher than peak power conditions.
Proposal 17: Within the permissible peak power range, further study how to improve selectivity of device, e.g., feasibility of RF BPF, BB filter, antenna selectivity, etc.
Proposal 18: Tx modulator architectures of devices could be addressed subsequent to the determination of the waveform.
Proposal 19: Following initial SFO accuracy is assumed for the sampling clocks of device types.
	
	Device 1
	Device 2a/2b

	initial SFO up to 10X ppm
	X= [4, 5]
	X=[3,4]
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Appendix
Revised Rel-19 study item on A-IoT for NR 
	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.

2. Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
Study the feasibility and required functionalities for proximity determination, which is the determination of whether BS or intermediate UE and ambient IoT device are near each other or not (coordination with SA3 is required for privacy aspects).
· RAN1-led:
For the Ambient IoT DL and UL:
· Frame structure, synchronization and timing, random access
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
· Downlink channel/signal aspects
· Uplink channel/signal aspects
· Scheduling and timing relationships
· Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR basestation. 
       For Topology 2, no difference in physical layer design from Topology 1.
· RAN2-led:
· Study and decide which functions are needed for an Ambient IoT compact protocol stack and lightweight signalling procedure to enable DO-DTT and DT data transmission, and study those functions.
For example:
· Paging
· Random access
· Data transmission, including necessary radio resource control aspects, respecting the limitation in the General Scope 
· Interactions with upper layers
For functionalities not listed above, they are studied only if found essential.
· RAN3-led:
· Identify necessary impacts on signaling and procedures for CN-RAN interface, to enable:
· Paging  
· Device context management
· Data transport
· Identify RAN architecture aspects, including whether support for split architecture is necessary.
· Identify potential solutions for locating an Ambient IoT device with no specification impact, e.g. reusing existing user location report, or minimal specification impact to convey location information to core network.
· 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

RAN2 and RAN3 are expected to identify RAN-CN functional split in coordination with SA2.

Note: This study shall target for an IoT segment well below the existing 3GPP IoT technologies, e.g. NB-IoT, eMTC, RedCap, etc. The study shall not aim to replace existing 3GPP LPWA technologies.



[bookmark: OLE_LINK2]Agreements in the RAN1#116 meeting
	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.
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.


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).




Agreements in the RAN1#116-bis meeting
	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.

[image: ]


[bookmark: OLE_LINK11]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

[bookmark: OLE_LINK22]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 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

[image: ]

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
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