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1. [bookmark: _Ref118382196]Introduction
[bookmark: OLE_LINK4]In RAN#102 meeting the SID on solutions for Ambient IoT was endorsed including following general scope and objections set for evaluation assumptions [1]:
[bookmark: _Hlk156923414]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. [bookmark: _Hlk166248200]~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.

B. Deployment Scenarios with the following characteristics, referenced to the tables in Clause 4.2.2 of TR 38.848:
· Deployment scenario 1 with Topology 1
· Basestation and coexistence characteristics: Micro-cell, co-site
·   Deployment scenario 2 with Topology 2 and UE as intermediate node, under network control
· Basestation and coexistence characteristics: Macro-cell, co-site
· The location of intermediate node is indoor
C.  FR1 licensed spectrum in FDD.
D. Spectrum deployment in-band to NR, in guard-band to LTE/NR, in standalone band(s).
E. Traffic types DO-DTT, DT, with focus on rUC1 (indoor inventory) and rUC4 (indoor command). 
· From RAN#104, the study will assess whether the harmonized air interface design (per bullet ‘A’ above) can address the DO-A (Device-originated autonomous) use case, only to identify which part(s) of the harmonized air interface design (per bullet ‘A’ above) is/are not sufficient for the DO-A use case.
Transmission from Ambient IoT device (including backscattering when used) can occur at least in UL spectrum.

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.
In this paper we discuss the basic blocks/components of possible A-IoT device architectures.

2. Discussion
2.1 Device energy harvesting aspects (charging and discharging)
During the RAN#103 meeting (March 2024), the following clarification on energy harvesting of A-IoT devices has been agreed. However, this agreement was not taken into account during the subsequent WG meeting in RAN#116bis.
	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 [RAN2, RAN1]
· Duration of one device’s unavailability due to 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


Firstly, from the above clarification agreement on device energy harvesting, it is our understanding that the assumption of “up to several tens of seconds” of one device’s unavailability time due to charging is derived base on RF energy harvesting. Unless this value is changed and/or further clarified the type of energy source was assumed in RAN plenary, RAN1 should consider that device energy harvesting is based only on RF energy in the device architecture discussion.
Secondly, regarding “the potential impact of energy harvesting on device availability for transmission and reception procedures can be considered for the study”, as a starting point, RAN1 should first discuss and determine reasonable assumptions that can be made on device energy charging and discharging behaviours. In our view, without these energy charging and discharging assumptions or models, one cannot determine whether and what are potential impacts on device availability for transmission and reception procedures. This is demonstrated in the following two figures.
[image: ]
Figure 1: Energy charging and discharging behaviours for devices with different charging rate (assuming device power-ON only when it is fully charged).
In Figure 1, a simple illustration on the rate of energy charging and discharging behaviours is provided for devices with different charging rates, and assuming a particular working model (discharge rate). According to the assumption that a device’s unavailability due to charging by energy harvesting can be up to several tens of seconds in order to fully charge a device (being the worst case drawn for Device 3), there could be other devices that are charged at faster rates (Device 1 and Device 2) due to, for example, higher charging efficiency, shorter distance to the RF energy source, a smaller capacitor and etc. Assuming once a device is fully charged, it powers ON and becomes available for communicating with a reader for inventory and command process, and starts monitoring for R2D transmissions. If the reader does not start the inventory/command process until devices are being charged for several tens of second, for faster charging devices (Device 1 and 2) they will start consuming the energy for blind monitoring and detection from its storage until the process starts (as shown by black and red dotted lines before the process starts). This also assumes that a device cannot monitor/detect R2D transmission and perform energy harvesting at the same time. Consequently, when the process actually starts after several tens of seconds of charging time for Device 3, the remaining energy storage level in the capacitor would be lower than 100% for Device 1 and 2. It then becomes questionable, whether the remaining energy will be sufficient for a round of inventory/command communication process. 
[image: ]
Figure 2: Energy charging and discharging behaviours for devices with different charging rate (assuming device power-ON when energy storage level reaches 50%; device power-OFF when energy storage level drops to 20%).
In Figure 2, another illustration on the rate of energy charging and discharging behaviours is provided for devices with different charging rates, but now assuming a different working model, where a device will power-ON when energy storage is charged to 50% and power-OFF when energy storage level drops to 20%. This perhaps is a more realistic model of operation for A-IoT devices. Surely, based on different implementation and/or device configuration, this 50/20 % threshold levels could be adjusted, but the general device charging and discharging behaviour remains the same. In this example, although the device power-ON point / threshold is at a lower energy storage level (at 50%), the inventory/command process could also start earlier (half of several tens of seconds) since all devices will be power-ON by this point. However, the end results trend remains the same to the previous case where earlier power-ON devices with faster energy charging rate will always have lesser remaining energy than devices with slower charging rate when the inventory/command process starts.
Based on the above illustrations, the DRX-like behaviour/assumption before the beginning of an inventory/command communication process for charging devices (until power-ON) may not be the best way to handle device energy harvesting. It is unclear whether devices will have sufficient remaining energy in the storage to complete the inventory/command process after allowing several tens of seconds for charging. Furthermore, if DRX is placed in the middle of an inventory / command process (assuming the reader knows when a device will go to a sleep/power-OFF state), further analysis is needed on whether the device can retain its memory and clock for a stop-resume operation and whether it is feasible and practical for a random access procedure / inventory and command process to incorporate a DRX operation (for several tens of seconds).
Nevertheless, the first step in RAN1 should be about discussing and determining a device energy charging model and a discharging model, so that further analysis can be carried out to determine whether there is any potential impact of energy harvesting on device availability for transmission and reception procedures.
[bookmark: _Toc163050851]Observation 1: The assumption agreed in RAN#103 of “up to several tens of seconds” of one device’s unavailability time due to charging is based on RF energy harvesting.
Proposal 1: In order to determine whether and what are potential impacts on device availability for transmission and reception procedures, as a starting point, RAN1 needs to first discuss and determine reasonable assumptions that can be made on device energy charging and discharging behaviours / models.
Observation 2: When energy charging time is assumed to be several tens of seconds before an inventory / command communication process starts, for devices with faster charging rate (e.g., due to device charging efficiency, smaller capacitor size and distance from the energy source), they will have lesser remaining energy than devices with slower charging rate when the inventory/command process starts.
Before we can analyse the rate of energy charging of a device and how much remaining energy can be expected in a device when an inventory/command communication starts, in the following, we provide some basic assumptions for the energy charging model.
· Energy storage capacity
· Device 1 (~1 µW peak power consumption): 1µF should be assumed for the storage capacitor
· Device 2a and 2b (≤ a few hundred µW peak power consumption): 10µF should be assumed for the storage capacitor
· [bookmark: _Hlk166246304]Energy Storage level to power-ON a device: this can be 50%, 70% or 80% of storage capacity
· Device energy harvesting/charging and discharging are performed in a TDM manner.
· It is assumed that transmission and reception cannot be carried out at the same time in a device (regardless of device architecture). Furthermore, device receiving R2D transmissions (including preamble and PRDCH) cannot perform energy charging in the same time.
· Energy harvesting/charging in a device can be carried out only during a non-R2D monitoring time and non-D2R transmission time.
According to [2], a survey of energy harvesting conversion efficiency has been done. In the survey report, the following table was given on the state-of-the-art UHF energy conversion efficiencies.
[image: ]
Based on this Table 1 from [2], we extract power conversion efficiency for RF energy harvesting at 900 ~ 920MHz frequency range.
	Incident RF input power level X (dBm)
	Power conversion efficiency for EH (%)

	X < -30dBm
	[<5] %

	-30dBm < X < -20dBm
	[5-10] %

	-20dBm <X < -10dBm
	[10-22] %

	-10dBm < X < 0dBm
	[22-49] %


Table 1: Power conversion efficiency for RF energy harvesting at 900~920MHz
Proposal 2: It is proposed to take the following assumptions as a starting point to determine a device energy charging model.
· Energy storage capacity
· Device 1: 1µF for the storage capacitor
· Device 2a and 2b: 10µF for the storage capacitor
· Energy storage level to power-ON a device: 50%, 70% or 80% of energy storage capacity
· Device energy harvesting/charging and discharging are performed in a TDM manner.
· Energy harvesting/charging in a device can be carried out only during a non-R2D monitoring time and non-D2R transmission time.
	Incident RF input power level X (dBm)
	Power conversion efficiency for EH (%)

	X < -30dBm
	[<5] %

	-30dBm < X < -20dBm
	[5-10] %

	-20dBm <X < -10dBm
	[10-22] %

	-10dBm < X < 0dBm
	[22-49] %



On device discharging behaviour / model, although the existing agreement assumes a peak power consumption of ~1 µW for device 1 and ≤ a few hundred µW for device 2a and 2b, it is unclear exactly how much energy a device with a certain receiver architecture will spend on R2D reception trying to detect R2D preamble and decode PRDCH. On D2R transmissions, we should also figure out the power consumption for a device using backscattering/active transmission, with/without reflection/power amplification, using a certain coding/modulation scheme, etc. Until there is a clear picture on the power/energy consumption for these device transmission functions, RAN1 would not be able to conclude on how much remaining energy in the storage at the beginning of an inventory / command communication process and how much energy is required for a round of inventory / command communication process.
Proposal 3: It is proposed to take at least the following assumptions as a starting point to determine a device energy discharging model.
· Device power / energy consumption for reception (RX), the following factors should be considered
· Device receiver architectures (RF-ED, IF-ED, ZIF-ED, w/ or w/o amplifier)
· R2D channels/signals monitoring and decoding (including the start-indicator part, clock-acquisition part, PHY channels
· Device power / energy consumption for transmission (TX), the following factors should be considered
· Coding and modulation
· Backscattering (device 1 /2a) and active transmission (device 2b)
· Reflection / power amplifier (device 2a / 2b)

2.2 Remaining open issues on Device 1/2 
One open issue is whether small frequency shifting can be considered for device 1. Small frequency shifting can be used to facilitate CW cancelation in case of CW node is inside topology, or to implement FDM among devices. For the former the device only needs to support a clock with only one frequency, but for the later the device is better to support a clock with multiple controllable frequencies, which is expected to consume more power. Small frequency shifting is supported in RFID where 40 kHz~640KHz frequency shifting can be achieved. However, RFID does not rely on stored energy for backscattering. On the contrary, device 1 may rely on stored energy such that peak power consumption is limited to ~1 µW.  According to [3] the power consumption of a clock with 100’s kHz and 1% error is <1 µW. Therefore, it is feasible to support a small frequency shift with an offset of 100’s kHz. But it should be further investigated on the possibility and the upper limit of multiple controllable small frequency shifting offsets.
[bookmark: _Toc163122513][bookmark: _Toc163050852]Proposal 4: Small frequency shift with an offset of 100’s kHz is considered for Device 1, FFS small frequency shift with multiple controllable shifting offsets. 
As envelope detector is not sensitive to phase error, for device 2b with IF or ZIF envelope detector, FLL can be supported, PLL is not considered due to higher cost and power consumption. Furthermore, there is no motivation for a device to support full-duplex FDD, i.e., device ab should be half-duplex FDD, transmission and reception can share same LO. 
Proposal 5: For device 2b with IF/ZIF envelope detector FLL(rather than PLL) is supported, and one LO is shared for transmitter and receiver.
2.3 Large Frequency shifting
[bookmark: _Hlk158095288]To support large frequency shifting with offset in order of 10’s of MHz, a device at least needs to support a local oscillator with same frequency and a mixer. The accuracy of the oscillator should be sufficiently high, e.g., <1%, to avoid intra/inter system co-existence issue. The peak power consumption of such an oscillator is up to 10’s µW[4]. The device should also be able to supress the image and harmonics generated in the mixer, such as to avoid the interference to other channels, this would increase the complexity, cost, and power consumption of the device dramatically.
[bookmark: _Toc163122514]Proposal 6: Large frequency shift with an offset of more than 10 MHz is not considered for A-IoT devices. 
2.4 Devices time/frequency error
With currently agreed architectures for device1/2a/2b, different type of clock applied and would means a sampling frequency offset level. In the WI, it is tasked to determining the sampling frequency offset (SFO) values. 
According to literatures the SFO of Device 1 can be assumed in the range of [10^4ppm, 10^5 ppm]. That range can have power consumption well below 1 µW. Also based on different sources, for device 2a and 2b, SFO <=1000 ppm can be achieved after calibration. That is, X=3. That is feasible with the few hundreds µWs power. For device 2b, the higher accuracy is important for both interference suppression and signal performance. 1000 ppm already means 0.9 MHz shifting under 900MHz frequency. For device 2a, it is also desirable to reach better FDM multiplexing capacity by a smaller SFO. 
If a single small value of SFO requirement can not be reached, we can consider put them separately. 
[bookmark: _Toc163122515][bookmark: _Toc158224494]Proposal 7: For device 1, SFO can be in range of 10^4~10^5 ppm. FFS to have one value. For Device 2a/2b, less than or equal to 1000 ppm for SFO is required. 

3 Conclusion
In this contribution, we discussed device architecture of device 1 and Device 2a/b define in the SID, we have following proposals:
Observation 1: The assumption agreed in RAN#103 of “up to several tens of seconds” of one device’s unavailability time due to charging is based on RF energy harvesting.
Proposal 1: In order to determine whether and what are potential impacts on device availability for transmission and reception procedures, as a starting point, RAN1 needs to first discuss and determine reasonable assumptions that can be made on device energy charging and discharging behaviours / models.
Observation 2: When energy charging time is assumed to be several tens of seconds before an inventory / command communication process starts, for devices with faster charging rate (e.g., due to device charging efficiency, smaller capacitor size and distance from the energy source), they will have lesser remaining energy than devices with slower charging rate when the inventory/command process starts.
Proposal 2: It is proposed to take the following assumptions as a starting point to determine a device energy charging model.
· Energy storage capacity
· Device 1: 1µF for the storage capacitor
· Device 2a and 2b: 10µF for the storage capacitor
· Energy storage level to power-ON a device: 50%, 70% or 80% of energy storage capacity
· Device energy harvesting/charging and discharging are performed in a TDM manner.
· Energy harvesting/charging in a device can be carried out only during a non-R2D monitoring time and non-D2R transmission time.
	Incident RF input power level X (dBm)
	Power conversion efficiency for EH (%)

	X < -30dBm
	[<5] %

	-30dBm < X < -20dBm
	[5-10] %

	-20dBm <X < -10dBm
	[10-22] %

	-10dBm < X < 0dBm
	[22-49] %


Proposal 3: It is proposed to take at least the following assumptions as a starting point to determine a device energy discharging model.
· Device power / energy consumption for reception (RX), the following factors should be considered
· Device receiver architectures (RF-ED, IF-ED, ZIF-ED, w/ or w/o amplifier)
· R2D channels/signals monitoring and decoding (including the start-indicator part, clock-acquisition part, PHY channels
· Device power / energy consumption for transmission (TX), the following factors should be considered
· Coding and modulation
· Backscattering (device 1 /2a) and active transmission (device 2b)
· Reflection / power amplifier (device 2a / 2b)
Proposal 4: Small frequency shift with an offset of 100’s kHz is considered for Device 1, FFS small frequency shift with multiple controllable shifting offsets. 
Proposal 5: For device 2b with IF/ZIF envelope detector FLL(rather than PLL) is supported, and one LO is shared for transmitter and receiver.
Proposal 6: Large frequency shift with an offset of more than 10 MHz is not considered for A-IoT devices. 
Proposal 7: For device 1, SFO can be in range of 10^4~10^5 ppm. FFS to have one value. For Device 2a/2b, less than or equal to 1000 ppm for SFO is required. 
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*Asterisked efficiencies are those that include antenna effects in their efficiency calculations.
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