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1. Introduction
The scope of the Study on solutions for Ambient Internet of Things (A-IoT) in NR [1] includes studying several aspects of the physical layer design as listed in the below excerpt from the objectives in the study item description (SID) [1]:
	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 (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.


In this contribution we wish to highlight some aspects related to the device availability assumptions and its implications to frame structure and timing. 
2. Discussion
2.1. Energy Harvesting and Device Availability for Transmission and/or Reception Procedures 
In RAN1#116b, the following question was formulated [2]: 
	RAN1#116b 
FL1 High Priority Question 4.3-2: Considering the energy harvest time assumed to be up to several tens of seconds, do we need to consider the energy harvesting time due to device running out of energy for following time intervals within a single inventory round? 

Companies are encouraged to provide your justifications (e.g., device available time vs device unavailable time) for your answers of Yes or No.   

· The time interval between a R2D transmission and the corresponding D2R transmission.
· The time interval between a D2R transmission and the corresponding R2D transmission following it.
· The time interval between two different consecutive R2D transmissions to the same A-IoT device. 
· The time interval between two different consecutive D2R transmissions from the same A-IoT device.


All the three device types 1, 2a and 2b could harvest energy from sources apart from radio frequency (RF) provided by the 3GPP A-IoT system. However, the time required for energy harvesting (EH) to accumulate enough energy for the device to perform a certain transmission or reception operation would depend on several dynamic conditions such as the existing energy storage level, the EH sources available, and so on. 
If the reader has some information on the activation time taken by the device to activate itself for an operation in the previous transmission, together with information about the capabilities of the device and the deployment environment, it may be possible for the reader to predict how much time is required for the device to be activated for a subsequent transmission/reception operation through various implementations. Then the reader could schedule the next reader-to-device (R2D) or device-to-reader (D2R) transmission such that the device is expected to be available for the operation with high probability; another alternative in the case of a subsequent R2D transmission is for the reader or CW node to transmit an extended signal (e.g., the start indicator within the preamble before an R2D transmission) with the time duration of the signal adapted to ensure that the device can harvest enough energy to be available for receiving the subsequent R2D transmission, from this signal. 
The above-mentioned adaptation would be straightforward to implement for device terminated (DT) or device originated-DT triggered (DO-DTT) traffic to a specific device or group of devices, i.e., when the device identities are known at the reader. However, in the contention-based access scenario for the inventory case when none of the device identities are known, such an adaptation may not be possible and a worst-case time for transmitting a signal by the reader or CW node to enable RF EH by the devices before the first R2D transmission may need to be assumed to ensure availability of all devices to receive this first R2D transmission. 
Observation 1.1.: When device identities are known at the reader, it may be possible to adapt/schedule transmissions to ensure that the devices are able to perform the respective R2D reception or D2R transmission. 
In this case, it is desirable to optimize the duration of the EH signal transmission by a reader or CW node or schedule transmissions to a device or group of devices such that they are available with high probability.
Observation 1.2.: When device identities are unknown at the reader, a worst-case time duration may need to be allowed when scheduling transmissions to or from the device, or else an EH signal with maximum duration may need to be transmitted before the first R2D transmission, to ensure the device(s’) availability to receive this first R2D transmission. 
For the optimization mentioned in Observation 1.1. to happen, the control information in R2D transmission should allow a request from the reader to the device to indicate its activation time in the current transmission, and similarly the control information in D2R transmission should allow indication of the activation time of the device. This could be physical layer control information or higher layer control information.
Proposal 1.1.: Study the impact of device availability on the following time intervals for both inventory and command use cases:
· The time interval between a R2D transmission and the corresponding D2R transmission.
· The time interval between a D2R transmission and the corresponding R2D transmission following it.
· The time interval between two different consecutive R2D transmissions to the same A-IoT device. 
· The time interval between two different consecutive D2R transmissions from the same A-IoT device.
Proposal 1.2.: When device identities are known, consider the inclusion of control information in R2D and D2R transmission for the reader to request and the device to respond with information about the activation time so that the reader can schedule operations with optimized time intervals to ensure availability of the device(s) with high probability or adapt transmission time of a signal (by reader or CW node) to enable RF EH by the device between operations. 
Proposal 1.3.: When device identities are unknown, e.g., for the first R2D transmission in an inventory process, a worst-case time may need to be assumed for scheduling or for transmitting a signal for RF EH by the devices (e.g., by the CW node or the reader) to ensure that all devices are available to receive the first R2D transmission.
3. Conclusion
In this contribution we have highlighted the necessity of considering the impact of device availability on the time intervals involved in both inventory and command use cases, and the necessity of control information exchanges to enable device availability with high probability when device identities are known. The following is a summary of our observations and proposals. 
Observation 1.1.: When device identities are known at the reader, it may be possible to adapt/schedule transmissions to ensure that the devices are able to perform the respective R2D reception or D2R transmission. 
In this case, it is desirable to optimize the duration of an EH signal transmission by a reader or CW node or schedule transmissions to a device or group of devices such that they are available with high probability.
Observation 1.2.: When device identities are unknown at the reader, a worst-case time duration may need to be allowed when scheduling transmissions to or from the device, or else an EH signal with maximum duration may need to be transmitted before the first R2D transmission, to ensure the device(s’) availability to receive this first R2D transmission. 
Proposal 1.1.: Study the impact of device availability on the following time intervals for both inventory and command use cases:
· The time interval between a R2D transmission and the corresponding D2R transmission.
· The time interval between a D2R transmission and the corresponding R2D transmission following it.
· The time interval between two different consecutive R2D transmissions to the same A-IoT device. 
· The time interval between two different consecutive D2R transmissions from the same A-IoT device.
Proposal 1.2.: When device identities are known, consider the inclusion of control information in R2D and D2R transmission for the reader to request and the device to respond with information about the activation time so that the reader can schedule operations with optimized time intervals to ensure availability of the device(s) with high probability or adapt transmission time of a signal (by reader or CW node) to enable RF EH by the device between operations. 
Proposal 1.3.: When device identities are unknown, e.g., for the first R2D transmission in an inventory process, a worst-case time may need to be assumed for scheduling or for transmitting a signal for RF EH by the devices (e.g., by the CW node or the reader) to ensure that all devices are available to receive the first R2D transmission.
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