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RAN approved a WG-level SI on solutions for Ambient IoT in NR [1]. Ambient IoT (AIoT) is a new 3GPP IoT technology which relies on ultra-low complexity devices with ultra-low power consumption for the very-low end IoT applications [1]. The overall objective is to study a harmonized air interface design with minimized differences to enable two types of devices, with peak power consumption of about 1 mW and below a few hundred mW, respectively. Other assumptions on deployment scenarios, spectrum and traffic types are listed in [1].
One objective of the SI is to study necessary and feasible solutions for Ambient IoT, including decisions on which functions and procedures are needed. In the RAN1#116 meeting, frame structure and timing aspects of AIoT were discussed and the agreements are captured in the Appendix.
This contribution discusses the following aspects:
· Synchronization and timing
· Scheduling  
· Random access
Synchronization and timing
Handling of device unavailability 
During RAN1#116 and RAN#103 meetings, the impact of energy harvesting on device availability for transmission/reception and synchronization was discussed. In RAN#103, the following proposal was endorsed:
	· 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


The AIoT device is expected to perform energy harvesting and charging for some period. During that time, the availability of the device to transmit and/or receive can be impacted. Once it is charged, the device consumes the stored energy by transmitting and receiving. This cycle of charging and discharging can be represented by an activity cycle (or duty cycle) with “On” duration corresponding to charged state when the device is fully available for communication, and “Off” duration corresponding to charging state when the device has reduced availability for transmission/reception.
Proposal 1: AIoT study to include definitions for activity cycle of AIoT device:
· On duration: time during which the AIoT device is fully available for transmission and reception.
· Off duration: time during which the AIoT device is charging and has limited or no availability for transmission or reception.
A reader can only communicate to a device during a device’s On duration. It is beneficial if a reader has knowledge of the activity cycle(s) of devices in proximity. Otherwise, every R2D message would need to be repeated many times to ensure that all devices in proximity are reached with obvious loss in efficiency.
Proposal 2: AIoT supports functionality allowing predictability of a device activity cycle from reader perspective.
To achieve the above, one could consider an approach where a device is free to set its activity cycle according to an arbitrary timing and then provides the information to the reader. However, this approach is not workable in the AIoT scenario since device-originated transmissions are not supported. If the reader doesn’t already know the activity cycle of the device, it does not know when to transmit the R2D message requesting the information. Furthermore, the poor synchronization accuracy of AIoT device means the activity cycle of the device would quickly drift with respect to the previously reported information, resulting in loss of synchronization with the reader.
A better approach is that the reader broadcasts information indicating to a device to adjust the timing of its activity cycle to a target timing. The reader could broadcast this information periodically at the beginning of every target On duration and/or at other times to provide information to devices that have not yet aligned their activity cycle to the target or to re-align activity cycle of devices that may have drifted due to clock inaccuracy. This is illustrated in the Figure below where the “Sync-Align” transmissions provide the information.
Proposal 3: AIoT supports broadcast of information indicating to a device how to adjust timing of its activity cycle.


Figure 1. Timing adjustment of device activity cycle.
Different devices may support different (minimum) duty cycles (i.e. ratio of On duration to Off duration) depending on proximity to an energy source for harvesting and other implementation factors. It may be efficient for a reader to group devices that can support a given duty cycle to a common activity cycle timing so that they can receive groupcast information (such as a contention-based request) from a same R2D message. To achieve this, the reader can provide a duty cycle requirement in the message indicating how to adjust activity cycle timing. Another possibility is that a device reports duty cycle information to the reader (as control information) when performing D2R transmission.
Proposal 4: AIoT supports functionality enabling reader to have devices meeting a certain duty rate follow a common activity cycle timing.
Reader-to-Device timing
Another timing aspect is the duration of a transmission. One option would be to specify a fixed duration in terms of number of symbols or absolute time. The payload of downlink transmissions is expected to consist mainly of control information (L1 and/or higher layers) whose size depends on the procedure or use case. In absence of channel coding and rate matching, specifying a fixed duration would likely require padding and/or segmentation which may increase overhead and/or complexity. Therefore, support for variable duration seems preferable.
Proposal 5: R2D transmission can have variable duration.
Device-to-Reader timing
In NR, a UE acquires downlink timing and then applies a timing advance to determine the uplink timing. The UE obtains initial timing advance from random access procedure and subsequent adjustments by MAC CE. Application of timing advance ensures that transmissions from multiple UEs are received at the same time at the gNB (within cyclic prefix) and remain orthogonal.
A 1 mW device cannot be expected to maintain accurate synchronization for any significant duration in the absence of R2D reception. This implies that the device initiates D2R transmission after a short duration following the end of a R2D reception. The SI objective states a maximum distance of 10-50 m between gNB and device, which means that timing advance should not be required even devices would utilize OFDM transmission in the uplink (at least for lower sub-carrier spacings).
Proposal 6: An AIoT device initiates D2R transmission after a short duration following the end of a R2D transmission.
Proposal 7: An AIoT device does not apply or maintain a timing advance.
Regarding the structure of a D2R transmission, same considerations as for R2D applies with respect to the duration of the transmission, e.g. it should support variable duration.

Proposal 8: D2R transmission can have variable duration.
Scheduling and control information
Scheduling information on R2D transmission
The SI description identifies traffic types DT and DO-DTT with focus on indoor inventory and indoor command representative use cases [2][3]. Indoor inventory, for example, involves gathering identities of many devices in proximity in an efficient manner.  This translates into a requirement that the air interface supports scheduling that can address multiple devices simultaneously (i.e. multicast or broadcast). Such type of scheduling is also supported in systems such as RFID [4]. The use cases also require that unicast scheduling is supported. 

Proposal 9: Scheduling supports addressing of multiple AIoT devices (broadcast/multicast) and single AIoT device (unicast).
In the RAN1#116 meeting, it was agreed that the reader can initiate devices to start contention-based access procedures and at least slotted-ALOHA procedure is studied:
	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.



To differentiate the transmission types, the reader can indicate to the AIoT device the transmission type of the D2R transmission. For example, the reader can indicate to the device if the requested D2R transmission is for initiating contention-based procedure or for data/control transmission using 1 bit information. The content of the D2R transmission can then be set according to the transmission type.
Proposal 10: Scheduling can indicate whether a D2R transmission is requested to initiate contention-based procedure or to transmit data/control.
Scheduling should also indicate resource information for reception and/or transmission by the addressed device(s). A first information that needs to be indicated to the device is the Device ID in case of unicast and Group ID for multicast/groupcast case. How such identities would be determined is to be studied in RAN2.

For contention-based procedure, another possible information (also to be discussed in RAN2) is a session ID to prevent a same device from responding after successful completion of the procedure if the reader resends the contention-based request. Another information that needs to be indicate to the device is number of slots for slotted-ALOHA based access. For example, the query command in RFID indicate to the tags the Q value which is used to determine the number of slots to use for transmission during the contention.  

For the payload of D2R and R2D transmission, there are two alternatives on how it can be indicated to the device: a first alternative could be to associate different transmission duration to different payload and indicate to the device the transmission duration. A second alternative could be to indicate the payload directly. Both alternatives can be considered for the study.

For AIoT air interface, it is envisioned that multiplexing is possible in both time and frequency domains at least for D2R link [5]. However, the exact format of the resource information will need further discussion depending on assumptions on coding, modulation and other physical layer processing aspects. For D2R transmission, the reader needs to indicate the time duration and frequency information e.g., frequency shift information of the D2R transmission. For the R2D transmission, at least time duration is needed. The indication can be explicit using a bitfield in the control information or implicit e.g., using a postamble to indicate the end of the transmission.

For D2R link, a first approach could be to schedule the device with TB repetition when the device is on bad coverage scenario. Depending on the measurements performed by the reader on D2R transmissions, the reader selects the required number of TB repetitions. Another approach could be that the reader adapts the coding rate of the D2R transmission depending on the channel conditions of the D2R link. Both options are beneficial to support.

For D2R transmit power, both device type 2a and 2b are capable of D2R amplification. When scheduling those type of devices, the reader may want to control the transmit power to reduce the interference on other transmissions. The reader can indicate the power control parameters (e.g., power control command) when the device is capable of amplification.

Proposal 11: R2D scheduling information can include the following for an AIoT device:
· Higher-layer control information (e.g. Device/group ID, session ID)
· Number of slots for slotted-ALOHA based access
· Payload of the R2D and D2R transmission
· Duration of the R2D and D2R transmission
· Frequency information of the scheduled D2R transmission
· Number of repetitions for D2R transmission
· Coding rate for D2R transmission
· Power control command

Control information on D2R transmission
The D2R transmission can include control information intended to the reader. One possible control information is the device reporting the Device ID or Temporary ID during contention-based access procedure. When a device is triggered to start a contention-based access procedure, the device can identify itself by reporting its Device ID or a Temporary ID to the reader (to be decided in RAN2). Such ID can be used by the reader during contention resolution procedure. 
Proposal 12: Support AIoT device indicating its Device ID/Temporary ID to the reader.
To help the reader determining the device’s activity cycle, the device can transmit assistance information using control information.  For example, when the reader transmits the alignment signal to adjust the “On” duration timing of the device as proposed in section 2, the device can acknowledge the reception of alignment signal transmitted by the reader. The acknowledgement message can help the reader determining the activity cycle of the device and adjust it.
Proposal 13: Support AIoT device acknowledging the reception of signal adjusting timing of activity cycle.
Contention-based access
In NR, UE initiates random access procedure upon initial access, handover, re-establishment and beam failure recovery. The UE obtains a timing advance during the procedure, and potential collisions between UEs selecting same resource are handled by contention resolution.
Under assumptions of the SI, only DT and DO-DTT traffic is supported as a first step. In either case, a communication is always initiated by a gNB transmission. As previously discussed, there is no need for acquiring timing advance. Therefore, it is not foreseen that a random access procedure resembling that used in NR needs to be supported at least for the 1 mW device. On the other hand, collision between devices is a likely issue if the reader broadcasts a R2D message requesting response from AIoT devices in proximity for inventory purposes. Such devices would typically not have been assigned a resource beforehand. To mitigate the collision problem, it should be possible for a AIoT device to select a resource randomly based on certain parameters when indicated. As we propose in [5], multiplexing different D2R transmission can be possible using line coding. Thus, multiple resources can be multiplexed in both time and frequency.
Observation: NR-like random access procedure is not required for AIoT air interface with DT and DO-DTT traffic types.
Proposal 14: Support random selection of a frequency and time resource (slot) by AIoT device during contention-based access procedure.

In a contention-based procedure based on slotted-Aloha, devices only initiate transmissions at the beginning of “slots”. There is therefore a need for devices to identify slot boundaries. Given the low clock accuracy performance requirement, devices would lose mutual synchronization if attempting to keep track of time for the duration of many slots without external reference. A better solution (also used in RFID) is that the reader provides the time reference by transmitting a message indicating the start of every slot immediately after the end of the message. It can be further discussed if the indication contains additional information such as a time index.

Proposal 15: Reader transmits an indication of the slot start for every slot of the slotted-Aloha based contention-based access procedure.
Conclusion
This contribution discussed synchronization, timing, scheduling and random access aspects for AIoT air interface. The following is proposed:
Proposal 1: AIoT study to include definitions for activity cycle of AIoT device:
· On duration: time during which the AIoT device is fully available for transmission and reception.
· Off duration: time during which the AIoT device is charging and has limited or no availability for transmission or reception.
Proposal 2: AIoT supports functionality allowing predictability of a device activity cycle from reader perspective.
Proposal 3: AIoT supports broadcast of information indicating to a device how to adjust timing of its activity cycle.
Proposal 4: AIoT supports functionality enabling reader to have devices meeting a certain duty rate follow a common activity cycle timing.
Proposal 5: R2D transmission can have variable duration.
Proposal 6: An AIoT device initiates D2R transmission after a short duration following the end of a R2D transmission.
Proposal 7: An AIoT device does not apply or maintain a timing advance.
Proposal 8: D2R transmission can have variable duration.
Proposal 9: Scheduling supports addressing of multiple AIoT devices (broadcast/multicast) and single AIoT device (unicast).
Proposal 10: Scheduling can indicate whether a D2R transmission is requested to initiate contention-based procedure or to transmit data/control.
Proposal 11: R2D scheduling information can include the following for an AIoT device:
· Higher-layer control information (e.g. Device/group ID, session ID)
· Number of slots for slotted-ALOHA based access
· Payload of the R2D and D2R transmission
· Duration of the R2D and D2R transmission
· Frequency information of the scheduled D2R transmission
· Number of repetitions for D2R transmission
· Coding rate for D2R transmission
· Power control command

Proposal 12: Support AIoT device indicating its Device ID/Temporary ID to the reader.
Proposal 13: Support AIoT device acknowledging the reception of signal adjusting timing of activity cycle.
Proposal 14: Support random selection of a frequency and time resource (slot) by AIoT device during contention-based access procedure.

Proposal 15: Reader transmits an indication of the slot start for every slot of the slotted-Aloha based contention-based access procedure.
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RAN1#116 agreements on frame structure and timing aspects of AIoT (9.4.2.2):
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

R1-2401789	FL summary #2 on frame structure and timing aspects for Rel-19 Ambient IoT	Moderator (vivo)
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 
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