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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 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
On frame structure
In Ambient IoT there are two types of signals to consider for the frame structure design, namely the (i) activation signal and (ii) Ambient IoT device reply. In Topology 1, the activation of the Ambient IoT device (i.e., the transmission of the activation 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: Proposal75319][bookmark: Proposal82043]Proposal 1: Prioritize the study of NR frame structure for Ambient IoT communications, including the corresponding parameters such as symbol length, CP length and the subcarrier spacing. 
Furthermore, and concerning Topology 2, the UE serving as an intermediate node when either activating or receiving the Ambient IoT device reply, is essentially performing a sidelink type of transmission. As such, the current sidelink frame design could be a starting point for discussions. RAN1 could study whether it can be reused in the current form for Topology 2 or modifications are needed.
[bookmark: Proposal75320][bookmark: Proposal82044]Proposal 2: RAN1 to study whether sidelink frame design can be adopted as reference design for studying Topology 2. 
On 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, 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. Second, related synchronization circuit is too complex when considering that Ambient IoT devices are expected to be very simple and therefore cheap. 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.
[bookmark: Proposal75321][bookmark: Proposal82045]Proposal 3: RAN1 to ask RAN4 about the frequency and time synchronization requirements and whether a single set of requirements should be applicable to all Ambient IoT device types.
[bookmark: _Hlk158307853]Existing technologies relying on passive/active devices, such as RFID, rely on certain techniques/principles to achieve time synchronization. RAN1 could assess the suitability of such techniques/principles for the synchronization needs of the Ambient IoT devices and, if applicable, consider them as a reference starting point for the study of the Ambient IoT synchronization problem. More specifically, and like passive RFID devices, completely passive Ambient IoT devices may be able to obtain timing information based on the activation signals. For instance, Ambient IoT devices can use the oscillations of the activation signal as a time clock source. In addition, in case Ambient IoT devices can internally generate UL transmission, RAN1 may need to consider the existing techniques for active RFID devices such as broadcasting of synchronization signals from the activator. RAN1 could also consider NR synchronization method such as a transmission of certain signals such as synchronization signals or preambles and inclusion of cellular timing information in activation signals. 
[bookmark: Proposal75322][bookmark: Proposal82046]Proposal 4: RAN1 to assess the suitability of techniques/principles used for time synchronization of existing technologies relying on passive devices (e.g., RFID devices) for the synchronization needs of the Ambient IoT devices and, if applicable, consider them as a reference starting point for the study of the Ambient IoT synchronization problem.

On 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 device type i and ii. However, and given the generally limited capabilities of Ambient IoT devices, it is unclear whether they should be able to perform a random-access procedure and to which end since, for instance, they are not expected to be associated with any RRC state. If the answer to this question is yes, it is also unclear whether such procedure should be performed with the assistance of the intermediate node in case of Topology 2. For this reason, RAN1 and RAN2 need to clarify the purpose and scope of discussion on random-access procedure in the context of Ambient IoT.

[bookmark: Proposal75323][bookmark: Proposal82047]Proposal 5: RAN1 to clarify whether an Ambient IoT device is expected to be able to perform a random-access procedure, with specific focus on the purpose and scope of a possible random-access procedure for an Ambient IoT device. Seeking guidance from RAN2 may be necessary.
[bookmark: Proposal82048]Proposal 6: If Ambient IoT devices are expected to perform a random-access procedure, RAN1 to study whether the UE acting as intermediate node should have a role in the random-access procedure of the Ambient IoT device. Seeking guidance from RAN2 may be necessary.
On Scheduling
The transmission of the Ambient IoT activation signal and the reception of the Ambient IoT reply might need to be scheduled at least in Topology 2. However, that will depend on whether the UE serving as the intermediate node will select autonomously the resources to transmit the Ambient IoT activation signal and/or receive the Ambient IoT reply or whether all these operations will be under network control.
In cellular communication systems, scheduling is critical to provide required wireless resources and avoid interference problems. While for Topology 1, only gNB can take scheduling and resource allocation decisions, it is important to discuss what should occur for the case of Topology 2, e.g., whether gNB should take all decisions or delegate some of them to at least UEs. Discussions for both topologies seem in order. The possible specified solution would need to account for the technical features depending on the device types. Possible directions for an initial discussion on these aspects are: 
· Topology 1 with an Ambient IoT device type i (or device type ii that backscatters): In this case, the device is a completely passive Ambient IoT device, so it only performs transmission by backscattering. The gNB would be able to fully control the Ambient IoT device behavior, as it activates the Ambient IoT device using specific resources when the gNB wants to trigger, and the Ambient IoT device performs backscattering accordingly. 
· Topology1 with an Ambient IoT device type ii (with internal signal generation capabilities): This device may be able to generate uplink signals from an internal signal generation source, which means the transmission timing could be different compared to the reception timing. In this case, the gNB may need to take control of the transmission of the Ambient IoT devices as there may be many such devices in a certain area and uncontrolled interference could be detrimental for non-Ambient IoT communications. In addition, we also need to consider that an Ambient IoT device may be able to transmit signals/data even without an activation signal. For example, an active device may be able to trigger alarm in emergency cases, like an active RFID device. Thus, RAN1 may also need to consider resource configurations to the Ambient IoT device with consideration of the limitations imposed by energy storage and/or energy harvesting.
· Topology 2 with an Ambient IoT device type i & type ii: The Ambient IoT device is not directly connected to the gNB, but the wireless resource for communications between an intermediate node and the Ambient IoT device may need to be controlled by the gNB at least in case the Ambient IoT device and the intermediate node are in-coverage. The gNB may provide resource configuration to the UEs, so that the UEs can trigger the communication between the UEs and the Ambient IoT device. In addition, scheduling request from the UEs and autonomous resource selection by the UEs could be considered.
[bookmark: Proposal75324][bookmark: Proposal82049]Proposal 7: RAN1 to discuss possible approaches to scheduling for both Topology 1 and Topology 2, and for both considered device types. The role of the UEs, e.g., the activator and reader, for scheduling and resource allocation in Topology 2 should also be studied and clarified. 
[bookmark: Proposal75325][bookmark: Proposal82050]Proposal 8: RAN1 to clarify if it is in the scope of the study that the UE serving as intermediate node can select autonomously the resources to be used for the transmission of the Ambient IoT activation signal and/or Ambient IoT device reception.

On timing relationships
As per SID scope, the Ambient IoT is to be greatly simplified, with the following important aspects:
	with no RRC states, no mobility (i.e. at least no cell selection/re-selection -like function), no HARQ, no ARQ



The exclusion of HARQ and ARQ, simplifies the protocol design and associated timings. However, there are several issues that need to be clarified, namely:
· If an Ambient IoT device can receive in DL but transmits in UL, how does it acquire the timing relationship? This is paramount for devices equipped with frequency shifters or generating their own Ambient IoT signal, e.g., some type ii devices.
· Are there different timing issues related to DT and DODTT?
· Is any explicitly/implicit ACK/NACK signaling/mechanism is required?

[bookmark: Proposal75327][bookmark: Proposal82051]Proposal 9: RAN1 to study timing relationship needs of Ambient IoT technology depending on the device type.
Conclusion
In this contribution, we have made the following observations and proposals related to Ambient IoT: 
Proposal 1: Prioritize the study of NR frame structure for Ambient IoT communications, including the corresponding parameters such as symbol length, CP length and the subcarrier spacing. 
Proposal 2: RAN1 to study whether sidelink frame design can be adopted as reference design for studying Topology 2. 
Proposal 3: RAN1 to ask RAN4 about the frequency and time synchronization requirements and whether a single set of requirements should be applicable to all Ambient IoT device types.
Proposal 4: RAN1 to assess the suitability of techniques/principles used for time synchronization of existing technologies relying on passive devices (e.g., RFID devices) for the synchronization needs of the Ambient IoT devices and, if applicable, consider them as a reference starting point for the study of the Ambient IoT synchronization problem.
Proposal 5: RAN1 to clarify whether an Ambient IoT device is expected to be able to perform a random-access procedure, with specific focus on the purpose and scope of a possible random-access procedure for an Ambient IoT device. Seeking guidance from RAN2 may be necessary.
Proposal 6: If Ambient IoT devices are expected to perform a random-access procedure, RAN1 to study whether the UE acting as intermediate node should have a role in the random-access procedure of the Ambient IoT device. Seeking guidance from RAN2 may be necessary.
Proposal 7: RAN1 to discuss possible approaches to scheduling for both Topology 1 and Topology 2, and for both considered device types. The role of the UEs, e.g., the activator and reader, for scheduling and resource allocation in Topology 2 should also be studied and clarified. 
Proposal 8: RAN1 to clarify if it is in the scope of the study that the UE serving as intermediate node can select autonomously the resources to be used for the transmission of the Ambient IoT activation signal and/or Ambient IoT device reception.
Proposal 9: RAN1 to study timing relationship needs of Ambient IoT technology depending on the device type.
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