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1 Introduction
In RANP#103 Maastricht, the study item on Ambient IoT was updated [1], including the following objective:
	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.




The following proposals [2] that are relevant to this agenda item were endorsed at RANP#103 Maastricht:
	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 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




At RAN1#116 Athens, the following agreements [8] related to this agenda item were made:
	Agreement
From RAN1 perspective, at least when a response is expected from multiple devices that are intended to be identified, an A-IoT contention-based access procedure initiated by the reader is used.

Agreement
For A-IoT contention-based access procedure, at least slotted-ALOHA based access is studied.

Agreement
At least the following time domain frame structure is studied for A-IoT R2D and D2R transmission.
· For R2D transmission,
· A R2D timing acquisition signal (e.g. R2D preamble) is included at least for timing acquisition and for indicating the start of the R2D transmission in time domain.
· For D2R transmission,
· A D2R timing acquisition signal (e.g. D2R preamble) is included at least for timing acquisition and for indicating the start of the D2R transmission in time domain.
· FFS other necessary component(s), e.g. midamble, postamble, periodic sync signal, control fields, guard period


Agreement
For further discussion, the following terminologies are used for A-IoT for studying processing time aspects:
· TR2D_min: Minimum Time between a R2D transmission and the corresponding D2R transmission following it. 
· TD2R_min: Minimum Time between a D2R transmission and the corresponding R2D transmission following it.
· TR2D_R2D_min: Minimum Time between two different consecutive R2D transmissions to the same A-IoT device. 
· TD2R_D2R_min: Minimum Time between two different consecutive D2R transmissions from the same A-IoT device.
· The study should consider at least following aspects 
· Implementation restrictions for the existing BS/UE
· [Processing time is common or different for different A-IoT devices]
· [Processing time for different traffic types/command types (e.g. DT or DO-DTT) and/or different use case (e.g., Inventory or Command)] 
· FFS other timing aspects 




The feature lead summaries for RAN1#116 Athens are [3], [4].
In the RAN1#116 Athens meeting, Sony submitted R1-2400858 [5]. 
This document considers:
· Scheduling
· Timing relationships
· Random access
· Operation with intermittent harvested energy 


2 [bookmark: _Ref159185845]Scheduling 
The SID states that two traffic types are to be supported: DO-DTT and DT:
	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.


 The following acronyms apply:
	DT	Device-terminated
DO-A	Device-originated – autonomous
DO-DTT	Device-originated – device-terminated triggered



For the DT traffic type, the tag is sent a command in the downlink. A response is not expected from the tag. In order for a tag to receive the DT traffic, the following signalling flow is required:
· Carrier wave initiated so that tag can be energized. The reader can signal a carrier wave emitter outside the topology to transmit this carrier wave. 
· DT command sent in DL command signal. The DL command signal should be able to address a particular tag to which the DT command is targeted. Depending on the DL waveform for Ambient IoT and the ability of the IoT tag to filter and separate signals in the frequency domain, a PDCCH / PDSCH approach to sending the DL command signal could be adopted. Otherwise, the DL command signal could directly send a DT message to the tag.
· [optional] Acknowledgement sent in UL.
Proposal 1: Activation of a carrier wave for passive tags is part of the scheduling procedure.
Proposal 2: RAN1 studies the following options for transmitting a downlink command message:
· Single step scheduling – data is transmitted directly in a PDSCH-like message
· Two step scheduling – data is transmitted by a PDCCH – PDSCH like procedure
Proposal 3: For DT traffic, the DL command signal can schedule a particular tag
For the DO-DTT traffic type, the following have been agreed:
	Agreement
From RAN1 perspective, at least when a response is expected from multiple devices that are intended to be identified, an A-IoT contention-based access procedure initiated by the reader is used.

Agreement
For A-IoT contention-based access procedure, at least slotted-ALOHA based access is studied.



The uplink response to an inventory-type message is hence made according to a contention-based access procedure (a random access procedure). The tag needs to know the UL resources that are to be used for the contention-based access procedure. These resources can be signalled either in system information or in the DTT portion of the message sequence. The benefits of signalling the resources for the DO response are reader scheduler flexibility and simplified timing (signalling of resources in system information would require some fixed timing relationship between the DTT portion of the signal and the UL resources). In terms of scheduling, it is hence proposed that the resources for the DO response for a DO-DTT message sequence are indicated in the DTT portion of the message sequence. The device can respond in those resources according to a contention-based access procedure (e.g. slotted ALOHA), as agreed in RAN1#116.
Proposal 4: For DO-DTT traffic, the DL command signal can provide some indication of time and / or frequency resources to be used for the DO response.
Proposal 5: For DO-DTT traffic, the DL command signal initiates a random access process.

3 Timing relationships 
In RAN1#116 Athens, the following agreement was made:


	Agreement
For further discussion, the following terminologies are used for A-IoT for studying processing time aspects:
· TR2D_min: Minimum Time between a R2D transmission and the corresponding D2R transmission following it. 
· TD2R_min: Minimum Time between a D2R transmission and the corresponding R2D transmission following it.
· TR2D_R2D_min: Minimum Time between two different consecutive R2D transmissions to the same A-IoT device. 
· TD2R_D2R_min: Minimum Time between two different consecutive D2R transmissions from the same A-IoT device.
· The study should consider at least following aspects 
· Implementation restrictions for the existing BS/UE
· [Processing time is common or different for different A-IoT devices]
· [Processing time for different traffic types/command types (e.g. DT or DO-DTT) and/or different use case (e.g., Inventory or Command)] 
· FFS other timing aspects 



Figure 1 shows the basic timing relationships for Ambient IoT. The Ambient IoT signalling sequence is always preceded by an R2D signal for DT and DO-DTT traffic. The signalling sequence is expected to consist of the following steps:
· Carrier wave is turned on to allow tags to energise.
· DL command signal sent to tags on an R2D transmission
· Tags process the DL command signal
· Tags harvest energy from the CW in preparation for the D2R response
· Tags process the D2R response for transmision
· Tags transmit a D2R response either in a slotted ALOHA fashion for an inventory-type command or according to a frame structure when tags have been previously identified
· Gaps are inserted between ALOHA slots or allocated frames to account for the timing drift in the tags
[image: ]
[bookmark: _Ref163203321]Figure 1 -Timing relationships for Ambient IoT
The following subsections consider some of the timing aspects in more detail.

3.1 TR2D_energise
The tag needs to energise before it is able to receive a DL command signal on an R2D channel. The energization time, TR2D_energise, depends on the power that can be harvested from the carrier wave signal and the energy required to decode the DL command signal (this energy depends on whether the tag is a device 1 tag or a device 2 tag, considering the different power consumptions of the different device types). If a single minimum energization time is considered, this needs to be based on the maximum energy required to decode the DL command signal and the minimum power that can be harvested from the carrier wave signal.
Proposal 6: TR2D_energise_min is based on the maximum energy required to decode the DL command signal and the minimum power that can be harvested from the carrier wave signal.
If the reader knows whether the device is type 1 or type 2a/b, it can choose an appropriate TR2D_energise. If the reader is undertaking an inventory of a mixed set of devices, TR2D_energise needs to be based on the worst case. 
3.2 TR2D_min
The tag needs to process the R2D transmission. If the tag determines that it needs to respond, it needs to then energise and prepare for the D2R transmission (akin to uplink physical and transport channel processing). The time at which the tag transmits needs to account for any potential timing drift within the tag, which may be quite large depending on the value of X chosen for the 10X ppm clock accuracy of the device.
Proposal 7: TR2D_min is determined based on:
· time to process the R2D signal
· time to energise the tag for D2R transmission
· time to process the D2R signal
· guard time to allow for clock drift

3.3 TD2R_min
The time between a D2R transmission and a subsequent R2D transmission needs to account for any time needed to energise the device. We assume that the reader has a much higher capability than the device and is able to process the received R2D command in a short time.
3.4 TR2D_R2D_min
The time between consecutive R2D transmissions to the device needs to account for the time that the device needs to harvest energy between those R2D transmissions. If the device has sufficiently high energy storage and sufficiently low power consumption, this energy harvesting function can be skipped. In the general case where the device has limited energy storage, TR2D_R2D_min need to account for the power consumption of the device and the available power to be harvested (which is a function of the location of the device and hence the incident power of the carrier wave signal at the device). If TR2D_R2D_min does not account for the actual UE capability and the channel conditions being observed by the tag, TR2D_R2D_min  would need to account for the worst case power consumption and coverage conditions.
3.5 TD2R_D2R_min
Similar to the issue for TR2D_R2D_min, the TD2R_D2R_min time needs to account for the energy harvesting time between transmissions.
Proposal 8: The Ambient IoT timing relationships account for both (1) device capability and (2) device coverage conditions. The device capability accounts at least for the device power consumption. The device coverage conditions account at least for the incident power level of the carrier wave. 
4 Random access 
The following agreements were made at RAN1#116 Athens:
	Agreement
From RAN1 perspective, at least when a response is expected from multiple devices that are intended to be identified, an A-IoT contention-based access procedure initiated by the reader is used.

Agreement
For A-IoT contention-based access procedure, at least slotted-ALOHA based access is studied.



RAN1 still needs to consider whether a 2-step or a 4-step random access procedure is applied. 
The NR 4-step random access procedure allows for power control, timing advance and device scheduling (the gNB can choose which device transmits in which PUSCH resource for Message 3). 
Power control is unlikely to be an issue since the devices transmit at low power and will create minimal interference into neighbour cells. The reader is assumed to be able to handle the dynamic range associated with different tags’ transmissions being received simultaneously, e.g. in different frequency resources, at different power levels. At least for passive devices, power control can anyway be achieved by power controlling the strength of the carrier wave signal (the strength of the reflected wave being a function of the strength of the carrier wave).
Timing advance is not an issue, given the limited range of Ambient IoT, where a range of up to 50m is envisioned.
Device scheduling for Msg3 may not be required. The tags may just randomly choose some resource in which to transmit PD2RCH rather than randomly choose some reason for a PRACH preamble, followed by being scheduled some resource for PD2RCH. Collisions on PD2RCH can be handled in a contention resolution phase.
Observation 1: the Ambient IoT random access procedure does not need to account for power control and timing advance. The procedure may need to account for scheduling of Msg3.



5 Operation with intermittent harvested energy 
In [6], Qualcomm considered the issue of accounting for duty cycled operation. This was also discussed at RANP#103 [7], where the following was endorsed [2]:
	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



Figure 2 is taken from [6] and shows that as a device moves into worse coverage conditions, the device with energy storage needs to charge for longer times in order to achieve sufficient charge to power its “ON” duration: the “ON” durations become sparser in time as coverage conditions (RF power) deteriorate. The device hence performs best effort duty cycle monitoring.
[image: ]
[bookmark: _Ref163213669]Figure 2 – Variable need for charging times depending on device coverage conditions: from [6] - Qualcomm

Proposal 9: Ambient IoT accounts for device unavailability in synchronization, random access and timing relationships.

During an ongoing signalling exchange, the energy store of the device can also become depleted, as a function of the power consumption of the device, the charging rate of the tag and the frequency and size of the signalling messages. As the device moves into worse coverage conditions, the power that it can harvest reduces and the longer it will take to replenish its energy store. If the AIoT signalling protocol does not take account of the depleting energy store at the device, the device will run out of energy and the signalling exchange will be terminated before completion (as shown in the right hand side of Figure 3). Furthermore, the next attempt at performing the signalling exchange will also fail as the energy harvesting rate at the device has not changed. The AIoT signalling protocol hence needs to account for the energy storage amount and the rate of energy harvesting at the device in determining when it should signal to the device. By extending the time available for energy harvesting between signals or using smaller packet sizes, the device in poor coverage will be able to successfully complete signalling exchanges, as shown in Figure 4.
 

Proposal 10: The Ambient IoT signalling protocol allows for device charging time during an ongoing signalling exchange.

[image: ]
[bookmark: _Ref163231004]Figure 3 - Depletion of stored energy for coverage limited devices
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[bookmark: _Ref163232070]Figure 4 - Extending charging times for poor coverage devices allows them to complete signalling exchanges
6 Conclusion 
This document has considered frame structure and timing aspects for Ambient IoT. The following proposals and observation are made:
Proposal 1: Activation of a carrier wave for passive tags is part of the scheduling procedure.
Proposal 2: RAN1 studies the following options for transmitting a downlink command message:
· Single step scheduling – data is transmitted directly in a PDSCH-like message
· Two step scheduling – data is transmitted by a PDCCH – PDSCH like procedure
Proposal 3: For DT traffic, the DL command signal can schedule a particular tag
Proposal 4: For DO-DTT traffic, the DL command signal can provide some indication of time and / or frequency resources to be used for the DO response.
Proposal 5: For DO-DTT traffic, the DL command signal initiates a random access process.
Proposal 6: TR2D_energise_min is based on the maximum energy required to decode the DL command signal and the minimum power that can be harvested from the carrier wave signal.
Proposal 7: TR2D_min is determined based on:
· time to process the R2D signal
· time to energise the tag for D2R transmission
· time to process the D2R signal
· guard time to allow for clock drift

Proposal 8: The Ambient IoT timing relationships account for both (1) device capability and (2) device coverage conditions. The device capability accounts at least for the device power consumption. The device coverage conditions account at least for the incident power level of the carrier wave.
Proposal 9: Ambient IoT accounts for device unavailability in synchronization, random access and timing relationships.
Proposal 10: The Ambient IoT signalling protocol allows for device charging time during an ongoing signalling exchange.
Observation 1: the Ambient IoT random access procedure does not need to account for power control and timing advance. The procedure may need to account for scheduling of Msg3.
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