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Introduction
At RAN#102, a new study item “Study on solutions for Ambient IoT (Internet of Things) in NR” (FS_Ambient_IoT_solutions) was approved [1]; the SID was most recently revised at RAN#103 [1]. The following objective(s) is/are relevant for the present agenda item:
	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 (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.



[bookmark: _Hlk510705081]Discussion

The following agreements were made from RAN1 #116bis meeting. Based on the agreements and discussions, this section discusses the issues on frame structure and timing issue. 
	Agreement
For R2D transmission, if OFDM-based waveform is used, the start of R2D transmission from reader perspective is assumed to be aligned with the boundary of an NR OFDM symbol (including the CP) for in-band/guard-band operation.
Agreement
To determine or derive the end of PRDCH transmission, study at least following options:  
· Option 1: R2D postamble immediately follows the PRDCH to indicate the end of the PRDCH.       
· Option 2: Based on R2D control information.

Agreement
For the reader to acquire the end of PDRCH transmission, study at least following options:  
· Option 1: D2R postamble immediately follows the PDRCH
· Option 2: Based on control information

Agreement
For D2R transmission, study the necessity of midamble at least for the purpose of performing timing/frequency tracking or channel estimation or interference estimation, considering at least the following: 
· Modulation and Coding schemes, e.g., data modulation, line/channel coding 
· Receiving methods, e.g., coherent or non-coherent
· D2R transmission length/packet size
· Midamble overhead
· Timing/frequency accuracy
· Phase accuracy

Agreement
RAN1 study the R2D transmission without midamble as the baseline if Manchester encoding is used.
· FFS the necessity for the R2D transmission with midamble if PIE is used. 



Frame structure
In Ambient IoT there are two types of signals to consider for the frame structure design, namely the (i) R2D transmission, and (ii) Ambient IoT device reply, i.e., D2R transmission. In Topology 1, the transmission of the R2D signal will be provided by a gNB controlled Tx point, while the reception of the Ambient IoT device reply will take place at a gNB (the same or different gNB controlling the Tx point) controlled Rx point. Whereas in Topology 2, the activation of the Ambient IoT device can be provided by a gNB controlled Tx point or a UE (serving as the intermediate node), while the reception of the Ambient IoT device reply will take place at a gNB controlled Rx point or a UE. Even though, in both topologies, the communication flow is different when compared to traditional cellular communications (e.g., UL/DL), the existing NR frame structure is still applicable. The main motivation to retain the NR frame structure is that coexistence and interference issue would be handled more easily in this case. Another advantage could be that the intermediate node, when present, does not to maintain two different timings.
[bookmark: Proposal75320][bookmark: Proposal82044][bookmark: Proposal50647][bookmark: Proposal66034][bookmark: Proposal82452][bookmark: Proposal34480][bookmark: Proposal61912]As shown in Figure 1, the frame structure from a reader to an A-IoT device may be composed of preamble, PRDCH for both control information and data packet, and postamble. This structure would be repeated for multiple transmission occasions.
[image: ]
Figure 1: An illustrative example of frame structure of R2D communications.
The preamble may include an indicator to indicate a starting time and signals to determine reception timing the RDCDH. The A-IoT devices may not be able to perform cross-correlation operation, so a baseline approach for all type of A-IoT devices on the starting time indicator would be energy detection method such as delimiter of UHF RFID. The A-IoT device may operate with an internal clock that determines a chip rate for how long one bit is held in the time-domain. The chip rate at the device is provided by the preamble, so the explicit chip duration does not need to be provided by the reader. It is similar to the current UHF RFID. 
The PRDCH contains both control signals and data packet intended for the A-IoT devices. The time duration of a PRDCH or data packet cannot be a fixed length. Based on the agreement made at RAN1#116-bis, two options are the under consideration to indicate the end of the PRDCH. The first option is to use post-amble and another option is to use control information. As shown in Figure 1, assuming the PRDCH contains the control information first, the UE needs to decode the control information within T1, if there is no post-amble. In the case of short data packet, the device may not have enough time or the reader should guarantee the processing time by adding gap time, which is inefficient. Thus, as depicted in the figure, it is necessary to use post-amble.
For the second case of the figure, the device may have enough time to decode the control signal and gets to know the end time of the PRDCH reception, so the post-amble would not be necessary. In order for a resource efficiency and scheduling flexibility, both options may be necessary so that the reader/gNB can select it.
	[bookmark: Proposal86722]Proposal 1: To determine or derive the end of PRDCH transmission, support following options:  
· At least for a short data packet, R2D post-amble immediately follows the PRDCH to indicate the end of the PRDCH.       
· R2D control information indicates the end of the PRDCH.
· The reader guarantees a minimum processing time of control information, and the control information field is ahead of the data packet.




For D2R transmissions, the data packet size and PDRCH transmission length should be indicated by the reader. Thus, the reader would know the end time of PDRCH reception based on the indication. In order to derive the end of PDRCH transmission, R2D control information would be enough. 
[bookmark: Proposal86723]Proposal 2: For the reader to acquire the end of PDRCH transmission, the baseline assumption is to use R2D control information.
The post-amble may be used to estimate and correct timing offset caused from high SFO up to  ppm of A-IoT devices. However, the exact value of SFO of A-IoT devices is unclear at the moment and mid-amble could be used to estimate the timing offset.

Frequency and time synchronization aspects
In cellular systems, a UE synchronizes to a gNB by receiving and processing synchronization signals from gNB. This mechanism may not be suitable for synchronization of Ambient IoT device to the activator (i.e., reader), due to power consumption and cost considerations. First, an Ambient IoT device requires power consumption in the order of uW. Power consumption is too high with existing correlation based on PSS/SSS for the AIoT devices. Second, related synchronization circuit is too complex and costly to A-IoT devices. Adding such a synchronization circuit would increase not only the Ambient IoT device cost but also the power consumption requirements associated with powering up that same synchronization circuit. 
For D2R transmissions, the considered SFO of A-IoT devices is up to  and it could cause non-negligible time offset depending on PDRCH length, which may increase the overhead at the reader to determine cross-correlation window and may also affect the communication performance. Most of the A-IoT devices may not be able to perform coherent modulation, but the reader will do it. At least for a long data packet, mid-amble would be necessary for D2R transmissions. However, other than the long packet, the mid-amble could be unnecessary overhead so the spec needs to support mid-amble for D2R transmission, but the reader should be able to indicate the A-IoT devices to transmit mid-amble.
[bookmark: Proposal86724]Proposal 3: RAN1 to support indication of mid-amble for D2R transmissions by a reader.
Device availability and its impact
A-IoT devices may or may not be available depending on its energy storage status. Even if a CW node keep providing carrier wave signals so that the A-IoT devices can charge the battery, the A-IoT devices needs time to charge and it is unclear if a reader can know information related to the energy status such as the current energy level, on/off cycle. The reader cannot assume the device would be available when it wants to start communications. In case a CW node is a different than a reader as shown in the figure below, the reader 2 may not know if the CW signal is enough for the A-IoT device to charge the battery to keep the connection between the A-IoT device and the CW node/readers.
[image: ]
Figure 2: An illustrative example of A-IoT communications.
For example, Reader2 may expect receiving one or multiple PRDCH(s) but it may be possible that the received CW signal power is temporarily not enough due to blockage, mobility, and so forth, then the A-IoT device may not be able to transmit one or more of the PDRCHs. The A-IoT device behavior for signal transmissions could be different than the expectation of Reader 2 depending on the energy status. 
[bookmark: Observation76553]Observation 1: The reader cannot assume the availability of A-IoT devices.
As the reader may not be able to know when the A-IoT devices are not available as the link quality between the A-IoT device and the CW node could be broken, which is not known to the reader. Once the A-IoT communications are triggered by Reader 1, Reader 2 may receive the triggered information from Reader 1. However, in case Reader 2 does not receive PDRCH(s), it may keep trying to detect signals or perform correlation operation of received signals. In order to avoid this, at least RAN1 needs to define maximum time between PRDCH transmission and its corresponding PDRCH transmission. In case Reader 2 does not receive PDRCH after the maximum time, RAN1 needs to define necessary solution(s). The simplest solution would be to restart it, which could be triggered by Reader 2.
[bookmark: Proposal86725]Proposal 4: RAN1 to define a maximum time between PRDCH transmission and its corresponding PDRCH transmission. 
In case the maximum time is not defined, the PDRCH transmission timing at the A-IoT device should be indicated. The indication would be from Reader 1, but Reader 2 also needs the information on PDRCH transmission timing to detect the signal.
[bookmark: Proposal86726]Proposal 5: In case a transmission timing of PDRCH is indicated by a reader, this should be also provided to another reader receiving PDRCH. 
The A-IoT devices may be able to provide the reader with its capabilities for energy harvesting, but there may be multiple devices, and their charging/discharging timeline would not be aligned, as each device may transmit a different amount of data packet and energy consumption rate may also be different. However, the devices should have enough chance to charge energy to maximize the availability. In case multiple PDRCH transmissions are indicated, the A-IoT devices should be able to receive carrier wave signals to charge energy, which needs a time gap between transmissions of PDRCHs.

Scheduling & timing
RAN1 defined the following to discuss scheduling issue. 
	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 


RAN1 defined the minimum time required for communication between an A-IoT device and a reader. It might be obvious that the required time for processing signals/data couldn’t be the same across all A-IoT devices as the device capability wouldn’t be the same, which is up to implementations. However, a common processing time is beneficial for the network implementations and scheduling, as the network wouldn’t be able to know the processing capabilities of various A-IoT devices especially for the device type 1. In consideration of this, it is preferrable to have a common minimum time based on a maximum required processing time among all A-IoT devices.
[bookmark: Proposal50658][bookmark: Proposal66045][bookmark: Proposal82459][bookmark: Proposal34487][bookmark: Proposal61918][bookmark: Proposal86727]Proposal 6: RAN1 to prioritize a common processing time for overall A-IoT devices.
For the implementation restrictions on the existing BS/UE, it is unclear for us if we should consider the implementation restriction. It would be desirable for RAN1 to avoid implementation restrictions as much as possible especially for the currently existing gNB. From our perspective, if some new features introduced in Rel-19 needs implementation restrictions on existing BS, we would like to suggest addressing the issues in a different way such as scheduling restriction and/or providing required configurations.
[bookmark: Proposal50659][bookmark: Proposal66046][bookmark: Proposal82460][bookmark: Proposal34488][bookmark: Proposal61919][bookmark: Proposal86728]Proposal 7: A-IoT features of RAN1 study should not require any implementation restriction especially for the existing gNB/UE.
As discussed in FL summary [2], RAN1 should resolve the following issues to support A-IoT scheduling feature. In order to transmit and receive data via PRDCH, there may be more issues.
· Whether and how to indicate the time-domain and frequency-domain resource: It may be related to packet size, TBS, modulation order, repetitions, etc,.
· The way to indicate the scheduling information to a specific A-IoT device
· Whether RAN1 only need to support network/reader-triggered scheduling.
A-IoT devices may not be able to keep monitoring a specific signal to check scheduling information unless there is no constant charging via external energy sources. Thus, periodic monitoring might not be possible, but if there is a specific event occurred at the A-IoT device such as warning signals, it may need to be supported. First, RAN1 needs to decide a specific container to transmit scheduling information and also needs to determine which information should be in the container. 
Depending on applications, it may be necessary for a single reader to receive data from multiple A-IoT devices. Thus, the scheduling information for multiple A-IoT devices could be sent by the reader. In consideration of this, one possible approach is that a control signal indicates A-IoT ID information, and the more detailed resource allocation information can be in the data of PRDCH. An A-IoT device can read its scheduling information if there is scheduled information for the A-IoT device. If the A-IoT ID is not indicated in the control data, it doesn’t need to decode the overall data. This way may be beneficial to save the energy/battery. 
	[bookmark: Proposal61920][bookmark: Proposal86729]Proposal 8: For scheduling issue, RAN1 to support the following mechanism to schedule A-IoT devices:
· The control signals of PRDCH indicate A-IoT device IDs to indicate target A-IoT devices
· The detailed scheduling information such as time-domain and frequency-domain resource associated with each A-IoT device is included in data of scheduling PRDCH.


[bookmark: Proposal50661][bookmark: Proposal66048][bookmark: Proposal82462][bookmark: Proposal34490][bookmark: Proposal61921][bookmark: Proposal86730]Proposal 9: RAN1 to support, but not limited to, necessary information for scheduling such as time resource, frequency resource, modulation order (if it is multiple).
[bookmark: Proposal75327][bookmark: Proposal82051][bookmark: Proposal50664][bookmark: Proposal66051]A- IoT devices may send response once it detects a signal energy over a specific threshold value, but once the devices are connected to a reader via contention-based access procedure, the devices may be controlled by a reader. The reader may obtain the device information such as device ID(s). Rather than sending device ID in the control signals, we can consider a different way such that if the device detects a specific sequence provided by the reader, it understands the PRDCH after the sequence contains information intended for the device. Otherwise, the device is implicitly indicated to not decode the PRDCH after the sequence as it is intended for other A-IoT devices. This would be beneficial for the device to save the power. The reader may determine association between a sequence and each A-IoT device, and it provides each A-IoT device with the determined sequence.
	[bookmark: Proposal86731]Proposal 10: RAN1 to study feasibility and benefit of a method for device indication by using a specific sequence associated with each A-IoT device.
· The A-IoT device is expected to decode a followed PRDCH if it detects the allocated sequence





Conclusion
In this contribution, we have made the following observations and proposals related to Ambient IoT: 
Proposal 1: To determine or derive the end of PRDCH transmission, support following options:  
Proposal 2: For the reader to acquire the end of PDRCH transmission, the baseline assumption is to use R2D control information.
Proposal 3: RAN1 to support indication of mid-amble for D2R transmissions by a reader.
Observation 1: The reader cannot assume the availability of A-IoT devices.
Proposal 4: RAN1 to define a maximum time between PRDCH transmission and its corresponding PDRCH transmission. 
Proposal 5: In case a transmission timing of PDRCH is indicated by a reader, this should be also provided to another reader receiving PDRCH. 
Proposal 6: RAN1 to prioritize a common processing time for overall A-IoT devices.
Proposal 7: A-IoT features of RAN1 study should not require any implementation restriction especially for the existing gNB/UE.

	Proposal 8: For scheduling issue, RAN1 to support the following mechanism to schedule A-IoT devices:
· The control signals of PRDCH indicate A-IoT device IDs to indicate target A-IoT devices
· The detailed scheduling information such as time-domain and frequency-domain resource associated with each A-IoT device is included in data of scheduling PRDCH.



Proposal 9: RAN1 to support, but not limited to, necessary information for scheduling such as time resource, frequency resource, modulation order (if it is multiple).

	Proposal 10: RAN1 to study feasibility and benefit of a method for device indication by using a specific sequence associated with each A-IoT device.
· The A-IoT device is expected to decode a followed PRDCH if it detects the allocated sequence


References
[1] [bookmark: _Ref155945234]RP-240826, ”Revised SID: Study on solutions for Ambient IoT (Internet of Things) in NR”, RAN#103
[2] [bookmark: _Ref163136245]R1-2401849, “Final summary on frame structure and timing aspects for Rel-19 Ambient IoT”
[3] [bookmark: _Ref163136215]R1-2401857, “Final feature lead summary on downlink and uplink channel/signal aspects”


image1.png
PRDCH

Pre-amble control Post-amble

Pre-amble control

PRDCH




image2.png
A-loT device

O]

PRDCH/ CW PDRCH

0 0

Reader1/CW node Reader2




