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1. Introduction
In the last RAN#103, the following agreements in [1] were reached and the SID [2] was updated on guiding the Rel-19 study of A-IoT to be carried out in the WGs.
	Proposal 7
Implement the following objective revision in a SID revision:
· 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).

Proposal 3v2
· Regarding the objective in the SID: 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.
· This objective allows studying CW waveform characteristics which would need control of the CW node(s), e.g. waveform characteristics that impact interference such as when CW is transmitted or not transmitted, power, bandwidth, spectrum, etc.
· No SID revision is necessary

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

Proposal 5v2
· RAN design targets for user experienced data rate, maximum message size, and moving speed of device: those can be used as assumptions in coverage evaluations, i.e. the coverage evaluations are done under the conditions that meet those targets.
· Evaluations of RAN design targets for latency and connection/device density are allowed by the Rel-19 SID and observations on those evaluations can be captured in the TR38.769
· Note: this is as per the SID: “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.”


Since the last RAN#103 meeting in March ‘24, two WG meetings (Changsha meeting in April and Fukuoka meeting in May) were conducted in the last quarter. It is observed that the above technical topics are not sufficiently discussed and progressed as expected, especially when the planned timeline for this study item has reached its half way at this RAN#104 meeting. Therefore, in this contribution, we provide discussions and our suggestions on the following technical aspects that should be adopted in this RAN plenary meeting on providing further guidance to the WGs in order to complete the study item on time by RAN#106 (December ’24).
· Inventory latency for multiple devices
· Device energy harvesting
· Proximity determination
· Control of carrier-wave

2. Inventory latency for multiple devices
Within the A-IoT study item so far, companies have different understanding on whether inventory latency for multiple devices should be evaluated or not.
	The following performance metric is considered for evaluation purpose only,
· [bookmark: _Hlk168597203]Inventory completion time for multiple A-IoT device
· For inventory use case, the ‘Inventory completion time for multiple A-IoT devices’ is defined as the time a reader successfully completed the inventory process for [Z]% of A-IoT devices for a given number of A-IoT devices within corresponding coverage by the reader
· Z = {99%(Mandatory), 90%(Optional)}


As part of agreed clarification in [1], “Evaluations of RAN design targets for latency and connection/device density are allowed by the Rel-19 SID and observations on those evaluations can be captured in the TR38.769”. For the inventory use case, the dominant component of inventory latency is not the time used for transmitting the messages from reader and device, rather the waiting time from the moment when the reader intends to inventory a device to the moment when the device gets the chance to report its EPC. The waiting time for a specific device depends on the number of devices that a reader needs to inventory and the inventory mechanism.
For example, both RAN1 and RAN2 have agreed to study slotted-ALOHA based access procedure, as illustrated in Figure 1 below. The device initializes the slot counter to a randomly selected value (i.e., Q value) when receiving the Query message, and then counts down for each QueryRep reception until the counter reaches zero. Currently the device gets the slot to report it temporary ID (i.e. RN16), receive ACK from the reader, and report its EPC at the end. It is clear that the inventory process for a device starts from the transmission of Query message and terminates at the successful reception of EPC. The maximum latency experienced by a device during this process can only be reflected by the inventory latency for multiple devices.


Figure 1: Exemplification of slotted-ALOHA access procedure
In our understanding, the end-to-end latency defined in 22.840 for inventory includes the waiting time as well.
Proposal 1: Clarify in RAN plenary that RAN design targets for inventory latency includes the waiting time from the moment when the reader intends to inventory a device to the moment when the device gets the chance to report its EPC, “Inventory completion time for multiple A-IoT device” should be used as the metric for the evaluation.
3. Device energy harvesting
	Agreement (RAN1#117)
For study purpose, assume that A-IoT device has a single antenna for both communication (tx/rx) and RF energy harvesting purposes.

Conclusion (RAN1#117)
RAN1 discussion related to the potential impact of device unavailability due to charging by energy harvesting will occur in agenda item 9.4.2.2.

Agreement (RAN2#126)
From RAN2 perspective, we assume the device can receive as long as there is enough energy.  We will wait for RAN1 further progress on device monitoring details.


In the above, WG agreements related to energy harvesting that have reached so far in RAN1 and RAN2 are listed. Firstly, as it can be seen, the study on this energy harvesting aspect remains at its very initial stage. Although many technical contributions have been submitted to the WGs (RAN1 and RAN2) in the last quarter, and there has been efforts from the feature leads to discuss and make progress on this topic (especially in RAN1), however, there has been one view that WGs can assume that A-IoT devices will always have sufficient energy to performance A-IoT communication based on a certain deployment option (e.g., RF signal for charging with sufficient power is constantly provided) and that RAN2 should lead the discussion on any potential impact of device unavailability due to energy harvesting. As such, aspects relating to device energy harvesting do not need to be studied or discussed in RAN1, such as energy charging efficiency, capacitor sizes, energy storage (sufficient) level for device activation, energy discharge rate (Rx/Tx power consumptions), and sustainable operation time.
Observation 1: The study progress on A-IoT device energy harvesting and its impacts of device unavailability is very limited in the WGs. This situation may have been contributed by a certain assumption on device energy charging, which may not be practical in all operating scenarios.
Secondly, as assumed and agreed in RAN2, an A-IoT device needs to firstly have sufficient energy in order to perform reception of any A-IoT signal (e.g., paging from the reader) and RAN2 will wait for RAN1’s progress on the behaviour of device monitoring. To this end, in order for RAN2 to conduct any further study on this topic, it is necessary for RAN1 to study and determine the following aspects that are relating to and impacting the behaviour of device reception (including monitoring) and transmission. Some further analysis on device charging and discharging behaviours, and its relation / impacts to the A-IoT inventory / command process is provided in Appendix A to further demonstrate the need for RAN1 to conduct a study on device energy harvesting.
· Level of sufficient energy in a device for signal reception / monitoring of A-IoT signal from the reader
· At which energy storage or charging level a device can assume to be power-ON or activated for reception?
· At which energy storage or discharging level a device can assume to be power-OFF or de-activated for reception?
· Sustainable operating time of a device for A-IoT inventory / command processes
· What is energy storage size(s) that can be assumed in a device? 
· What is energy charging and discharging (for reception and transmission) rates in a device? 
· Determine whether a device can perform both communication (Rx/Tx) and RF energy harvesting simultaneously (especially between communication Rx and RF charging). If yes, what is the impact(s) to both communication and RF energy harvesting? Or A-IoT communication (Rx/Tx) and RF energy harvesting in a device should be TDM’ed.
· What is sustainable operating time of a device? E.g., once a device is sufficiently charged and power-ON/activated, how long can a device operate before it goes to power-OFF/deactivated state and/or how many rounds of A-IoT inventory/command process can a device sustain? 
· Whether/how to prolong the operation of A-IoT devices (after the initial power-ON/activation)
· Whether a device can skip one or more inventory/command processes when it is not the intended/scheduled device (e.g., no monitoring paging/query for a time period but use the time for (re-)charging)?
Proposal 2: According to RAN2 agreement, RAN1 should discuss from the next meeting the following aspects related to device energy harvesting
· Level of sufficient energy in a device for signal reception / monitoring of A-IoT signal from the reader
· Sustainable operating time of a device for A-IoT inventory / command processes
· Whether/how to prolong the operation of A-IoT devices (after the initial power-ON/activation)
In the last RAN1 meeting, the types of energy harvesting source was brought up in the discussion. Several have suggested that the study of energy harvesting for A-IoT devices and its potential impact(s) to unavailability of devices for Tx and Rx procedures to should not be limited to RF signal source only. While it is technically possible that there can be other types of energy sources other than RF signals, such as wind, heat, light and etc., but they do not interfere/impede the RF Tx and Rx operation of a device. That is, once the device is power-ON/activated and energy is continuously provided (e.g., via wind, heat or light), the RF Tx and Rx operation of a device for an inventory/command process will not be interrupted due to energy harvesting. Furthermore, in our understanding, the agreement from RAN#103 on “duration of one device’s unavailability due to charging by energy harvesting can be assumed up to several tens of seconds” was made assuming RF energy harvesting. And therefore, the study on this aspect in the WGs should be also based on the same assumption.
Proposal 3: The study of potential impact(s) of device unavailability due to charging in the WGs should be based on RF energy harvesting, due to the following reasons:
· When energy harvesting is not based on RF signals (e.g., wind, heat, light), it does not interfere/impede the RF Tx and Rx operation of a device.
· Agreed clarification in RAN#103 on “duration of one device’s unavailability due to charging by energy harvesting can be assumed up to several tens of seconds” was made assuming RF energy harvesting.
4. Proximity determination
[bookmark: _Hlk156465705]In RAN1#117 meeting 2 options on proximity determination were agreed: 
	Agreement
Study the following schemes for proximity determination:
· Option 1: If reader receives D2R transmission from the device in response to R2D transmission, then device is determined as near
· FFS: Details on reception criteria (e.g. either successful or not) at reader and device
· Option 2: Device is determined to be near the reader based on measurements at the reader side
· FFS: Details on measurement methods
· FFS: Whether/how transmit power of R2D and/or D2R is considered for proximity determination 



The underlying criteria for “near" of the 2 Options are different: 
· For Option 1: the device is “near” if the response can be received.
· For Option 2: the device is “near” if the distance estimated according to the measurement(s) is smaller than a certain threshold.
Which criterion is correct should be clarified by RANP to facilitate future discussion, and even down selection in RAN1.
Proposal 4: The criteria for “near” in proximity determination should be clarified in RAN plenary to facilitate future discussion in RAN1.
5. Control of carrier-wave node (CWN)
During RAN#103, it was clarified in the following agreement that the study item of Rel-18 NR A-IoT allows studying CW waveform characteristics which would need control of the CW node(s), e.g. waveform characteristics that impact interference such as transmission timing, power, bandwidth, spectrum, etc.
	Agreement
· Regarding the objective in the SID: 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.
· This objective allows studying CW waveform characteristics which would need control of the CW node(s), e.g. waveform characteristics that impact interference such as when CW is transmitted or not transmitted, power, bandwidth, spectrum, etc.
· No SID revision is necessary


Unfortunately, no official offline or online discussion and agreement has taken place during the last quarter (RAN1#116bis and #117) on the control aspect of the carrier-wave node. So far, the progress of CW waveform characteristics study has been limited only to the comparison (pros and cons) between single-tone and two unmodulated single-tones.
Proposal 5: The study on the control of CW transmissions in terms of waveform characteristics (as per Proposal 3v2 guidance from RAN#103) should start in the WG(s) after RAN#104.
6. Conclusion
Inventory latency for multiple devices
Proposal 1: Clarify in RAN plenary that RAN design targets for inventory latency includes the waiting time from the moment when the reader intends to inventory a device to the moment when the device gets the chance to report its EPC, “Inventory completion time for multiple A-IoT device” should be used as the metric for the evaluation.
Device energy harvesting
Observation 1: The study progress on A-IoT device energy harvesting and its impacts of device unavailability is very limited in the WGs. This situation may have been contributed by a certain assumption on device energy charging, which may not be practical in all operating scenarios.
Proposal 2: According to RAN2 agreement, RAN1 should discuss from the next meeting the following aspects related to device energy harvesting
· Level of sufficient energy in a device for signal reception / monitoring of A-IoT signal from the reader
· Sustainable operating time of a device for A-IoT inventory and command processes
· Prolonging the operation of A-IoT devices (after the initial power-ON/activation)
Proposal 3: The study of potential impact(s) of device unavailability due to charging in the WGs should be based on RF energy harvesting, due to the following reasons:
· When energy harvesting is not based on RF signals (e.g., wind, heat, light), it does not interfere/impede the RF Tx and Rx operation of a device.
· Agreed clarification in RAN#103 on “duration of one device’s unavailability due to charging by energy harvesting can be assumed up to several tens of seconds” was made assuming RF energy harvesting.
Proximity determination
Proposal 4: The criteria for “near” in proximity determination should be clarified in RAN plenary to facilitate future discussion in RAN1.
Control of carrier wave node
Proposal 5: The study on the control of CW transmissions in terms of waveform characteristics (as per Proposal 3v2 guidance from RAN#103) should start in the WG(s) after RAN#104.
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Appendix A
In the following, we provide some analysis of device energy charging and discharging behaviours, and its relation / impacts to the A-IoT inventory / command process. According to the agreed clarification on device energy harvesting in RAN#103, where the duration of one device’s unavailability due to charging by energy harvesting can be assumed up to several tens of seconds, due to factors like energy storage size, distance from the RF energy source and charging efficiency, in Figure 2 it is shown that some devices may be fully charged and power-ON / activated earlier and some later. For an early power-ON/activated device, it will start to monitor the channel continuously (A-IoT DL spectrum/carrier) for any R2D transmission (e.g., preamble and PRDCH), since the A-IoT system is designed to be an asynchronous system (i.e., no frame/slot/symbol boundary). In order to ensure devices are fully/sufficiently charged (since the reader does not know the power-ON/activation time of a device), the reader waits for several tens of seconds before sending a paging/query message (Msg. 0). In the meantime, the energy harvested in the storage of an early power-ON/activated device will start to deplete. By the time when the reader sends the paging/query message (Msg. 0), the remaining energy level would be somewhat or significantly lower than the level when it is just power-ON/activated. The questions would then be, 
· How quickly the energy in a device is depleted during the channel monitoring (before the inventory / command process)?
· Whether the remaining energy in the device is sufficient to go through one round of inventory/command process (which includes reception, transmission and waiting time / monitoring as part of slotted-ALOHA access mechanism)?
· And how many rounds of inventory/command processes can the remaining energy in a device sustain (assuming the contention based random-access procedure is not always successful and multiple rounds may be necessary)?
[image: ]
Figure 2: Energy charging and discharging behaviours for devices with different rate of charging
Based on the above illustration, the DRX-like behavior/assumption before the beginning of an inventory/command communication process for charging devices (until power-ON/activation) 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 needed in the middle of an inventory / command process (assuming the reader knows when a device will go to a sleep/power-OFF state for re-charging), further analysis is needed on whether the device can retain its memory 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 analyze can be carried out to determine whether there is any potential impact of energy harvesting on device availability for transmission and reception procedures.
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