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1	Introduction
RAN#103 approved a revised Rel-19 SID on Ambient IoT solutions [1] and moderator summary [2] was discussed on the way forward for several key issues which includes Energy harvesting. 
This contribution discusses two aspects where we see a potential need for clarification of the SI scope.
[bookmark: _Ref178064866]2	Discussion
The contribution is related to RAN1 discussion on two important topics which requires further guidance due to lack of progress: The first aspect is related to the inventory completion time related to latency definition of the inventory use case and second aspect is related to the evaluation of energy harvesting on device availability in an inventory round. 
2.1	On definition of Latency - RAN design target.
The Rel-19 SID on the RAN design target says that the definition of latency can be refined in the RAN WGs depending on the use case. The RAN-plenary level Rel-18 SI which is documented in TR 38.848 [3] says in section 5.6 that the ‘RAN design targets’ on latency has two values : one is for the longer latency target of 10 seconds and the other is the shorter latency target of 1 second and the definition of latency can refined by RAN WGs. 
	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



The Rel-19 SID prioritized rUC1 (indoor inventory) and rUC4 (indoor command) for study and tasked RAN WGs to refine the definition of latency suitable for the use case. The RAN#103, discussed that the latency mentioned in section 5.6 of TR 38.848 is for a single device but did not specify the use case. 





	· 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



Although RAN#103 mentioned that the latency defined in section 5.6 is for single device and during RAN#103 offline discussion, the latency for the multiple devices was discussed but agreed to be discussed and defined later. During RAN1 discussions, the definition of latency was hotly debated while some companies wanted to define latency from a single device perspective for both inventory and command use case, and especially for inventory use case the motivation is not clear to define the latency from single device perspective. 
However, in case of command use case, the latency can be defined from a single device perspective however the inventory is a multi-device use case where a group of devices needs to be inventoried within a time period. The inventory completion time considering multiple devices was discussed in the last two RAN1 meetings, but some companies do not want to evaluate and keep it as a performance metric as part of the RAN design target as they think that the latency defined is for a single device. Hence there was no progress in this aspect.  
In our opinion, the latency can be defined for multiple device in a reader system. However, from reader’s perspective, for inventory use case considering multiple devices in an inventory round, the Inventory completion time for multiple A-IoT devices can be defined as the time duration within which a reader successfully receives inventory report for [Z]% of ‘X’ number of A-IoT devices (X>1) participating in an inventory round. FFS: Z = {99%(Mandatory), 90%(Optional)}.
For such inventory use case, the single device latency can be varying depending on the chosen multiplexing scheme and such individual single device latency can be meaningless as it does not provide much information on the completion time of an inventory. In such a case, a worst-case single device latency can be taken as a reference for the inventory completion time as the worst-case single device latency should not exceed the inventory completion time from a reader system perspective. However, even the worst-case single device latency cannot provide statistics about the number of inventoried devices within an inventory round. 
The commercial RFID readers available in the market provides the inventory speed [5] [6] in their data sheet, which is the number of tags inventoried per second. Similarly, it would be good to evaluate inventory completion time from multiple devices from 3GPP based reader.
Observation 1: Commercial RFID reader defines inventory speed which is number of tags inventoried per second in their data sheet.  
Observation 2: For inventory use case, single device latency is meaningless as it does not provide much information on the completion time of an inventory round from reader perspective. 
Observation 3: Inventory completion time can be:
· A time duration within which a reader successfully receives inventory report for [Z]% of ‘X’ number of A-IoT devices (X>1) participating in an inventory round. FFS: Z = {99%(Mandatory), 90%(Optional)}.
Proposal 1: RAN should provide guidance to RAN1 to consider defining inventory completion time from multiple devices as a performance metric for the evaluation of latency for the inventory use case. 
2.1	Energy Harvesting – Device availability 

	· 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



RAN#103 clarified the impact of energy harvesting on device availability can be considered for the study. There are greater number of companies shown interest to study the impact of energy harvesting on device availability and few companies provided results for the same. However, some company felt that the study for the potential impact of energy harvesting on device availability should first happen only in RAN2 before starting to work in RAN1. Hence there was not much progress in the RAN1 meeting beside agreeing to a conclusion on which agenda item the future discussion might take place. During RAN#103 offline discussions, there was no working group assigned to this objective and it was decided that the discussion may happen based on the contribution submission in RAN1. Although there was significant contribution in RAN1, not much progress has been achieved in this topic. 
	RAN1#117 Conclusion:
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.



Meanwhile, RAN2#126 discussed and they would like to see progress in RAN1 on the device monitoring details. Hence RAN1 should discuss and provide more details to RAN2 on the assumption of how the stored energy will be utilized.  
	RAN2#126 agreement:
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.



The RAN#103 clarified to study energy harvesting on device availability for transmission and reception procedures and the charging time due to energy harvesting can be assumed upto several tens of seconds. At the beginning of the inventory process, it is not possible to assume that every Ambient IoT device is fully charged and able to withstand entire inventory round with the stored energy. The inexpensive Ambient IoT device means the capacitance storage size is also limited. Hence, each Ambient IoT device need to harvest energy to sustain its Tx/Rx operation considering the scheduling delay within an inventory round and, the Ambient IoT device need to harvest energy to sustain Rx operation outside the inventory round to periodically monitor for an inventory request from the reader and charge the device. 
The Ambient IoT device implements duty cycle-based operation, hence periodically waking-up to monitor for the synchronization signal, trigger etc., and a separate clock of Ambient IoT device maintain slot counter during sleep enabling the device to transmit on a selected occasion. The Ambient IoT device may perform slot selection at the beginning for its transmission and can sleep until its selected slot for transmission, if the device can maintain timing, otherwise the device might need to wake up periodically to adjust its clock drift. Condition based trigger periodically transmitted by the reader to sub-select Ambient IoT device for transmission within a time window. Hence, the power consumption of the Ambient IoT device needs to take into consideration the periodic synchronization and reception of trigger within an inventory round. Also, the power consumption of transmitting RACH and EPC ID by the Ambient IoT device must be take into consideration. The Ambient IoT device might need to maintain minimum power consumption within an inventory round to maintain its memory during the sleep state. 
The device availability and device monitoring procedure to monitor wake-up, trigger etc., needs to be evaluated in RAN1 to determine the sustainable operation time of an Ambient IoT device by comparing its operation with and without duty-cycle based operation, power model of transmission, reception, sleep/harvesting for different device types and the impact on the incident received power level on PCE and the charging time leading to Ambient IoT device to start an inventory round with different stored energy. Since the harvesting is an integral part of the Ambient IoT device estimating the sustainable operation time of a device with a capacitance storage size, received incident power, and rectifier efficiency to withstand an inventory round using duty cycle-based operation is important. 
[image: ]
Figure 1: Sustainable operation time of device with duty cycle and w/o duty cycle, distance = 12m 
Observation 4: Compared to the always-on scenario, duty cycle-based operation extend the sustainable operation and hence lowers the required capacitance size of Ambient IoT device.  
The non-availability of enough energy from the capacitor to sustainably operates the Ambient IoT device within an inventory round may lead to Ambient IoT device outage. Such outage probability considering the non-availability of energy to transmit the EPC ID within an inventory round of X devices should be defined for evaluation. In Figure 2, a simplified Ambient IoT device dropping model considering a single cell scenario with X = 100 devices uniformly distributed in 20m x 20m square indoor deployment can be considered to evaluate the sustainable operation of Ambient IoT device and RF energy harvesting within an inventory round. 
[image: ]
Figure 2: Simplified dropping model for a single cell scenario for RF energy harvesting evaluation
The received power from the E2H link budget is calculated for each of the Ambient IoT devices based on the distance, transmit power and gain of the reader and losses summarized in the following table. 
	Modulation factor 
	Fade Margin (dB)
	On-object penalty (dB)
	Polarization Mismatch (dB)
	TxP (dBm)
	Antenna Gain BS (dBi)
	Antenna Gain Device (dBi)
	Activation threshold (dBm)
	Cable Loss (dB)

	1
	3
	0.9
	3
	33
	6
	0
	-35
	3


Table 1: Parameters used for E2H link budget
In this evaluation, the outage probability of 100 Ambient IoT devices using the slotted aloha scheme within an inventory round is calculated for different capacitance sizes while considering the deployment scenario. The received power of all devices is within the activation threshold of the devices. The received power of most of the devices is between -10dBm and -30dBm within the 20x20 grid. The device with low received power needs to be scheduled earlier to operate sustainably without any outage probability. However, the slotted aloha scheme of randomly scheduling the devices in an inventory round does not take into consideration the received power nor the available energy at the capacitor. Such mechanism also relaxes the minimum required capacitance size (for example, from ~8µF to ~4µF) to sustainably operate the device 10% outage. Figure 3 shows the comparison on the outage probability between the random slotted aloha and energy aware scheduling.
[bookmark: _Hlk166060510][image: ]
Figure 3: Shows the comparison of outage for different scheduling mechanism for Ambient IoT devices
Observation 5: RAN1 did not make much progress on the study of potential impact of device availability as agreed in RAN#103 in the last RAN1 meetings due to lack of sufficient time allocated for discussion.  
Proposal 2: RAN should provide guidance to RAN1 to consider evaluating:
· The inventory completion time for multiple devices each having sufficient energy to receive the trigger from the reader, sustainably operate and complete an inventory round assuming RF Energy Harvesting. 
· Latency for a single device which can be defined in terms of device having sufficient energy to receive the trigger from the reader undergoing worst case scheduling delay and complete an inventory round assuming RF Energy Harvesting.
3	Conclusion
This contribution discusses two aspects where we see a potential need for clarification of the SI scope for the RAN1-led Rel-19 SI on Ambient IoT solutions. Based on the discussions in the previous sections, we make the following proposals:
Observation 1: Commercial RFID reader defines inventory speed which is number of tags inventoried per second in their data sheet.  
Observation 2: For inventory use case, single device latency is meaningless as it does not provide much information on the completion time of an inventory round from reader perspective. 
Observation 3: Inventory completion time can be:
· A time duration within which a reader successfully receives inventory report for [Z]% of ‘X’ number of A-IoT devices (X>1) participating in an inventory round. FFS: Z = {99%(Mandatory), 90%(Optional)}.
Proposal 1: RAN should provide guidance to RAN1 to consider defining inventory completion time from multiple devices as a performance metric for the evaluation of latency for the inventory use case. 
Observation 4: Compared to the always-on scenario, duty cycle-based operation extend the sustainable operation and hence lowers the required capacitance size of Ambient IoT device.  
Observation 5: RAN1 did not make much progress on the study of potential impact of device availability as agreed in RAN#103 in the last RAN1 meetings due to lack of sufficient time allocated for discussion.  
Proposal 2: RAN should provide guidance to RAN1 to consider evaluating:
· The inventory completion time for multiple devices each having sufficient energy to receive the trigger from the reader, sustainably operate and complete an inventory round assuming RF Energy Harvesting. 
· Latency for a single device which can be defined in terms of device having sufficient energy to receive the trigger from the reader undergoing worst case scheduling delay and complete an inventory round assuming RF Energy Harvesting.
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