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Introduction
In RAN#97-e, a RAN SID for ambient power enabled IoT has been approved and further revised in RAN#98-e with following objectives:
This study targets at a new 3GPP IoT technology, which relies on ultra-low complexity devices with ultra-low power consumption for the very-low end IoT applications. The study shall provide clear differentiation, i.e. addressing use cases and scenarios that cannot otherwise be fulfilled based on existing 3GPP LPWA IoT technology e.g. NB-IoT including with reduced peak Tx power.
Discussion
In this section we present the various aspects related to Ambient IOT and the aspects related to RAN when ambient IOT devices are also supported by the network and propose priorities in the study based on immediate need.
0. [bookmark: _Hlk110844968]Device Types
There are three types of ambient IoT devices considered:
Device A: Devices that fall under this category are passive devices that do not have the ability to generate RF signal and do not have energy storage. They are capable of back scattering communications and are similar to RFID kind of devices in terms of capability.
Device B: Devices that fall under this category are semi passive devices. They are almost similar to Device A and perform back scattering. The main difference compared to Device A is the availability of energy storage. 
Device C:  Devices that fall under this category are active devices. They have the capability to generate an RF signal and have energy storage. 
The different Device types cater to different use cases and needs. Device A can be used for simple use cases such as inventory or some simple sensing and for indoor coverage. Device B caters to simple use cases as Device A, while can be used for device indoor and reader outdoor kind of scenario, owing to the presence of energy storage. Device C can be used for more complicated use cases such as positioning or sensing critical parameters and for outdoor scenario. Therefore, it is advisable to consider all of them during the study phase.
Proposal 1: Study all Device types: Device A, Device B and Device C in Rel-19.
0. Topology
 Four different topologies were agreed for the study. 
· Topology (1): Base station (BS) <-> Ambient IoT device 
· Topology (2): BS <-> intermediate node <-> Ambient IoT device
· Topology (3): BS <-> assisting node <-> Ambient IoT device <-> BS 
· Topology (4): UE <-> Ambient IoT device
Topology (2) is similar to the case of a relay node between the BS and the device. The main issues arising in topology (2) compared to topology (1) are coordination of resource allocation and timing of different DL and UL transmissions between the BS-intermediate node link and intermediate node – ambient IOT device link. The resource allocation and timing alignment are to be planned such that there is no interference between the two links. These issues are similar to those discussed in case of Integrated Backhaul and Access (IAB) networks. Therefore, certain resource allocation and timing alignment concepts from IAB can be applied here as well. 
Topology (4) considers an additional assisting node, where either the DL or the UL transmissions take place through the assisting node. Here again, proper coordination of timing alignment and resource allocation between the two links is a primary requirement.
Most design aspects specific to an Ambient IOT system will be handled in Topology (1) and (4). Therefore, study of topology (1) and (4) needs to be prioritized over Topologies (2) and (3). 
 Proposal 2: Support prioritizing Topologies (1) and (4).
0. Coexistence 
The issues of coexistence were already discussed, both for the case when BS is present and for the case, when BS is absent. For the scenario where the BS is present, two cases, ‘co-site’ and ‘new-site’ were considered. In case of ‘co-site’, the legacy 3GPP BS is reused, while in the case of ‘new-site’, a new BS is employed. 
The case of ‘New site’ is open and provides a lot of flexibility. However, this involves starting the design from scratch. Reusing existing BS functionality might put some restrictions on the design. However, it would be a good baseline to start with. Existing transmit signal design can be effectively reused. Reusing the existing design will reduce standardization impact. This also ensures a quick start and enables early roll out of the devices. 
Proposal 3: Support prioritizing the study of ‘Co-site’ for Topology (1).
0. RAN Design Targets
In RAN#99, following agreements related to RAN design targets have been made and captured in [1]:
Agreement:
Agree to set at least the design targets below in Ambient IoT in the RAN SI.
1. Device power consumption
1. Device complexity
1. Coverage
1. Data rate
1. Maximum message size (or maximum ‘TB’ size)
1. Latency
1. Positioning accuracy
1. Connection/device density
1. Device speed (FFS absolute or relative or both)
Maximum message size
An exhaustive set of use cases have been studied in [2], while the set of use cases have also been categorized based on use case type and deployment mode. In case of inventory type use cases, ID information will be transmitted, which would be of the order of 100s of bits. In the case of sensor type of applications, the value of the measured data is transmitted either periodically or whenever the measured value exceeds a predefined threshold. Here again, the size of the measured value would be of the order of 100s of bits in most use cases. In applications like environmental monitoring, smart agriculture, smart factory etc., where the number of measured data can be huge, the message size is higher. However, even in those scenarios, the size is less than 1Kbps.  Positioning use cases require message size of the order of 100s of bits. Therefore, considering all the use cases, maximum message size of 1Kbps should be supported.
Proposal 4: Support maximum message size of 1Kbps.
Latency
Requirements on latency depend on the use case of interest. Inventory based use cases may tolerate a higher latency. In case of sensor-based applications, those that pertain to safety, such as environment monitoring would be more latency stringent compared to other applications. Same applies to positioning use case as well. Ranging the devices that could be mobile would require tighter restrictions on latency than other applications. Therefore, latency requirements should be based on use cases.
Proposal 5: Support latency requirements to be decided based on use cases.
Conclusions
This document presents an explanation of various aspects of study associated with Ambient IOT devices. The following proposals are made:
Proposal 1: Study all Device types: Device A, Device B and Device C in Rel-19.
Proposal 2: Support prioritizing Topologies (1) and (4).
Proposal 3: Support prioritizing the study of ‘Co-site’ for Topology (1).
Proposal 4: Support maximum message size of 1Kbps.
Proposal 5: Support latency requirements to be decided based on use cases.
References
[1] 3GPP RP-231208 TR 38.848 V0.2.0
[2] 3GPP TR 22.840 V 0.4.0, “Study of Ambient Power enable Internet of Things"
