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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
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: Proposal50645][bookmark: Proposal75320][bookmark: Proposal82044]RAN1 discussed whether the timing alignment of the symbol and/or slot boundary between A-IoT DL/UL and NR DL/UL are necessary or not. Regarding the alignment between AIoT R2D transmission (DL) and NR symbol or slot boundary, the below captures a related FL proposal from RAN1#116 [2].
	FL2 Medium Priority Question 2.1-1b: Based on following agreements made in AI 9.4.2.1, it seems for OFDM-based waveform for A-IoT R2D transmission, it seems obvious that the R2D transmission is aligned with NR symbol boundary. Do you agree?  
Agreement
A-IoT DL study includes an OFDM-based waveform from A-IoT R2D (reader-to-device) perspective. 
· Depending on what modulation(s) are decided to be studied:
· Study whether/how to handle CP at transmitter/device/design 
· Study other characteristics of the OFDM waveform, e.g.:
· CP-OFDM
· DFT-s-OFDM
· Etc.
· The type of OFDM waveform is transparent to A-IoT device.
Other waveforms from DL transmitter’s perspective can be proposed, and further discussion will consider whether or not they are included in the study.
Agreement
A-IoT DL study includes OOK from DL transmitter’s perspective.
· For an OFDM waveform, assume OOK-1 for single-chip per OFDM symbol transmission, and OOK-4 for M-chip per OFDM symbol transmission, starting from definitions in TR 38.869.
· FFS value(s) of M.
· FFS: Any changes needed from the definitions in TR 38.869.
· FFS: Exact definition of chip
If other DL waveforms are included, further elaboration of the transmitter’s OOK generation would be needed.


Given that the reader is a UE or a gNB and the OFDM-based waveform is used for R2D transmission, it is feasible at the reader to align the R2D transmission with NR symbol or slot boundary. Hence there is no need for a study on potential DL interference issues.
[bookmark: Observation72701][bookmark: Observation60146][bookmark: Observation80506][bookmark: Observation99679][bookmark: Observation12910]Observation 1: It is feasible at the reader to align the R2D transmission with NR symbol or slot boundary considering its time sync accuracy as well as OFDM-based waveform for R2D transmission. 
[bookmark: Proposal50646][bookmark: Proposal66033][bookmark: Proposal82451][bookmark: Proposal34479][bookmark: Proposal61911]Proposal 1: Conclude that the alignment between the R2D transmission and NR symbol or slot boundary is feasible.
Further, regarding the alignment between AIoT D2R transmission (UL) and NR symbol or slot boundary, RAN1 discussed whether symbol/slot boundary between NR and R2D/D2R transmission is feasible and necessary, and a relevant proposal is also captured in FL summary [2]. From network performance perspective, it is beneficial to guarantee the alignment, but it may be challenging to achieve considering the device capability (clock drift). Considering the initial SFO assumption, it would not be possible at least for device 1 and 2a to adjust transmission timing to align to NR symbol boundary for D2R transmission. Therefore, for D2R transmission, RAN1 needs to study potential issues especially in case a reader is a different node than a R2D transmission node to the AIoT device. 
[bookmark: Proposal50647][bookmark: Proposal66034][bookmark: Proposal82452][bookmark: Proposal34480][bookmark: Proposal61912]Proposal 2: Study potential issues such as interference to other reader(s)/UE(s) from non-aligned symbol boundary between NR and D2R transmission.  
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. 
In this context, an Ambient IoT device is also not expected to have an actual RRC connection with the network (and intermediate node in the case of PC5-RRC). Furthermore, more than one Ambient IoT device type is considered in this SI (from fully passive to active device). Therefore, before studying any specific frequency and time synchronization aspects it is important to clarify what are the concrete requirements, and whether such requirements depend on the Ambient IoT device type.
RAN1 discussed the time domain frame structure and made the following agreement:
	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


The periodic synchronization signals transmission from the reader (e.g., UE) for AIoT communication may not be resource efficient and necessary. Instead, cellular timing information (e.g., part of gNB timing numbers: SFN, subframe number, slot number) can be optionally included in R2D (reader-to-device) control information to ensure coexistence between D2R/R2D transmission and cellular communication such that they won’t interfere with each other due to timing misalignment. In case the AIoT device can somewhat control on-off status based on additional energy source, it might be also useful for the AIoT device to determine the on-off duration, which could be duty-cycle like operation. 
[bookmark: Proposal50650][bookmark: Proposal66037][bookmark: Proposal82454][bookmark: Proposal34482][bookmark: Proposal61913]Proposal 3: Don't support periodic synchronization signals transmitted from a reader (e.g., UE) for AIoT communication.
[bookmark: Proposal50651][bookmark: Proposal66038][bookmark: Proposal82455][bookmark: Proposal34483][bookmark: Proposal61914]Proposal 4: Consider including cellular timing information (e.g., SFN, subframe number, slot number) in R2D control information.
Given that the A-IoT device may not be able to keep monitor NR signals as the energy storage is limited, the signals for timing acquisition should be always included in R2D and D2R transmission, but the midamble and/or postamble may or may not be necessary. If the data packet is lengthy, the midamble might be necessary but it doesn’t necessarily be always there. The postamble may be necessary to indicate the end of R2D/D2R transmission, but it may not be necessary in case the end of the R2D/D2R is clearly fixed. 
[bookmark: Proposal50652][bookmark: Proposal66039][bookmark: Proposal82456][bookmark: Proposal34484][bookmark: Proposal61915]Proposal 5: RAN1 to support postamble to indicate the end of R2D/D2R transmission. 

Random access
As described in SID [1], the lack of interference management scheme leads to severe interference problem between RFID devices/readers and capacity problem, and it is hard to support large-scale networks. Study of the requirements and needs for integrating the Ambient IoT technology in NR is thus necessary, since existing technologies cannot meet all the requirements of target and identified use cases, which could see number of connections and/or device density orders of magnitude higher than existing 3GPP IoT technologies. In this context, several use cases could exist for a random-access procedure in the context of an Ambient IoT system (be it according to Topology 1 or Topology 2), e.g., to avoid possible excessive interference generated by the activity of A-IoT devices.
RAN1 have discussed this issue and reached a consensus on RAN1 understanding such that A-IoT contention-based access will be used with initiation by a reader.
	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.


In slotted-ALOHA, the probability of successful transmission of data packet is represented as , and the maximum efficiency is approximately 36.8 percent when . The amount of available resource, number of devices, resource selection and collisions may affect the efficiency. Considering various factors affecting the performance, RAN1 needs to study how to effectively achieve near maximum efficiency and also need to identify what features need to be supported by RAN1.
[bookmark: Proposal50653][bookmark: Proposal66040][bookmark: Proposal82457][bookmark: Proposal34485][bookmark: Proposal61916]Proposal 6: RAN1 to study how to effectively achieve near maximum efficiency for slotted-ALOHA technique considering available contention-based access resource, latency, energy storage status, and identify what features need to be supported by RAN1, if slotted-ALOHA is supported.
For the contention-based access issue, RAN1 may also need a joint discussion with RAN2. However, given that many companies already shared views on random access and there is a clear guideline such that it is in the scope of this AI, it may be necessary to have some consensus from RAN1 perspective, and then we can share RAN1 view with RAN2. For the contention-based access procedure initiated by a reader, it is obvious that either RAN1 or RAN2 should determine the required number of steps and the essential messages need to be exchanged between a reader and A-IoT device. RAN1 may need to consider a couple of factors to determine the number of steps and message of each step such as the number of A-IoT devices and an expected delay requirement. In addition, the study may need to include whether to support triggering a specific target A-IoT device or multiple A-IoT devices is necessary.
Given that a large number of A-IoT devices may be in a network, the latency would be a critical factor to design contention-based access for A-IoT communications. In four-step based contention-based access, sending a random number and a A-IoT device identifier in different steps could be merged into a single step. We would propose prioritization of two-step based contention-based access. 
	[bookmark: Proposal61917]Proposal 7: RAN1 to prioritize two-step contention-based access to study random access technique.
· Study feasibility of two-step contention-based access technique and identify the necessary message of each step.
· FFS on joint discussion with RAN2. 



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]Proposal 8: 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]Proposal 9: 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]Proposal 10: 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]Proposal 11: 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]
Conclusion
In this contribution, we have made the following observations and proposals related to Ambient IoT: 
Observation 1: It is feasible at the reader to align the R2D transmission with NR symbol or slot boundary considering its time sync accuracy as well as OFDM-based waveform for R2D transmission. 
Proposal 1: Conclude that the alignment between the R2D transmission and NR symbol or slot boundary is feasible.
Proposal 2: Study potential issues such as interference to other reader(s)/UE(s) from non-aligned symbol boundary between NR and D2R transmission.  
Proposal 3: Don't support periodic synchronization signals transmitted from a reader (e.g., UE) for AIoT communication.
Proposal 4: Consider including cellular timing information (e.g., SFN, subframe number, slot number) in R2D control information.
Proposal 5: RAN1 to support postamble to indicate the end of R2D/D2R transmission. 
Proposal 6: RAN1 to study how to effectively achieve near maximum efficiency for slotted-ALOHA technique considering available contention-based access resource, latency, energy storage status, and identify what features need to be supported by RAN1, if slotted-ALOHA is supported.

	Proposal 7: RAN1 to prioritize two-step contention-based access to study random access technique.
· Study feasibility of two-step contention-based access technique and identify the necessary message of each step.
· FFS on joint discussion with RAN2. 



Proposal 8: RAN1 to prioritize a common processing time for overall A-IoT devices.
Proposal 9: A-IoT features of RAN1 study should not require any implementation restriction especially for the existing gNB/UE.

	Proposal 10: 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 11: RAN1 to support, but not limited to, necessary information for scheduling such as time resource, frequency resource, modulation order (if it is multiple).
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