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1. Introduction

In RAN#97e, the SID “Study on Ambient IoT” was approved [1]. One objective is to identify the suitable connectivity topologies regarding to the use cases and services captured in TR 22.840.
	· Identify the suitable deployment scenarios and their characteristics, at least for the use cases/services agreed in SA1’s “Study on Ambient power-enabled internet of Things”, comprising among at least the following aspects

· Indoor/outdoor environment

· Basestation characteristics, e.g. macro/micro/pico cells-based deployments

· Connectivity topologies, including which node(s), e.g. basestation, UE, relay, repeater, etc. can communicate with target devices

· TDD/FDD, and frequency bands in licensed or unlicensed spectrum

· Coexistence with UEs and infrastructure in frequency bands for existing 3GPP technologies
· Device originated and/or device terminated traffic assumption
NOTE: There can be more than one deployment scenario identified for a use case, and a deployment scenario may be common to more than one use case.

NOTE: Where more than one deployment scenario is identified for a use case, the trade-offs between them should also be studied.

NOTE: The study shall not prioritize deployment aspects that should be coordinated with SA, e.g. public or private network, with or without CN connection.

NOTE: A representative use case can be studied for a group of use cases that have similar requirements.


This paper discusses the connectivity topologies for an Ambient IoT radio access network. To focus on the study of optimal air interface for the target use cases, it is beneficial to understand the performance and characteristics of the potential candidates in the identified deployment scenarios [2]. The analysis on the reuse of air interface between different connectivity topologies also plays an important role to improve the compatibility of a unified air interface to different deployment scenarios.
We utilize these topologies to propose how to define deployment scenarios in RP-223398 [2], and further rely on other detailed analyses in our companion papers:

[3] RP-223397, “Use cases and representative use cases for Ambient IoT”

[4] RP-223400, “Ambient IoT device characteristics and categorization”

We have also provided initial analysis of RAN design targets in RP-223401, “Proposal on RAN design targets for Ambient IoT” [5].
2. Potential connectivity topologies for Ambient IoT radio access network
According to the type of node which Ambient IoT device communicates with, there can be four categories of potential connectivity topologies for Ambient IoT radio access network.
2.1 Direct link to basestation

For either indoor or outdoor scenarios, the connectivity topology of direct link to basestation is assumed to be suitable to provide Ambient IoT service over large local area or wide area. Considering the practical infrastructure cost for the target low-end IoT use cases, co-deployment with existing 3GPP basestation is a reasonable target for the Ambient IoT cellular network. For the use cases such as indoor intralogistics in automobile manufacturing and outdoor wireless sensing in power grid, continuous coverage is preferred to cover the widely distributed Ambient IoT devices and support flexible extension. Consequently, Ambient IoT network is expected to support continuous coverage based on co-deployment with existing 3GPP basestation. In other words, Ambient IoT is assumed to support typical inter-site distance of legacy 3GPP basestation in either indoor or outdoor scenarios. In addition to the high availability by continuous coverage in large service area, the connectivity topology of direct link to basestation can also be assumed to have the advantage of high reliability due to the mature network planning and interference management in existing 3GPP networks.
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Figure 1 - Direct connection to basestation
Proposal 1: The study includes a connectivity topology of direct communication between Ambient IoT device and basestation.
2.2 Relay

The connectivity topology of relay is usually used for coverage extension of a basestation. An Ambient IoT device may be linked to basestation or relay node at different places. In other words, an Ambient IoT device is assumed to support both air interfaces for the two cases. To simplify the device implementation for lower power consumption and complexity, the air interface between Ambient IoT device and relay node can target to be the same as in the connectivity topology of direct link to basestation. For that purpose, the backhaul link between relay node and basestation is assumed to be transparent to Ambient IoT device.
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Figure 2 - Relay
Proposal 2: The study includes a connectivity topology of relay, where the air interface between Ambient IoT device and relay node can be the same as direct communication between the device and basestation, and assume the backhaul link between relay node and basestation is transparent to the Ambient IoT device.
2.3 Direct device link (sidelink)
Direct device link, or ambient IoT sidelink,  refers to the communication between Ambient IoT device and UE type node. According to the descriptions on the related use cases in TR 22.840, it is preferred that the node can be implemented based on legacy 3GPP UE, such as NR UE. In this way, it would be more convenient for some personal applications, such as indoor positioning in a shopping center, and museum guide.
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Figure 3 - Sidelink
In the use cases such as finding personal belongings, Ambient IoT device is supposed to communicate with UE type node and basestation in different scenarios (e.g., indoor and outdoor). It means that Ambient IoT device is assumed to support the air interfaces to both UE type node and basestation. To reduce the implementation complexity of Ambient IoT device for ultra-low power consumption and cost, it is preferred that the sidelink air interface between Ambient IoT device and UE type node can be the same as direct communication between the device and basestation.
Proposal 3: Include a connectivity topology of direct device to device link (i.e. sidelink), where the air interface between Ambient IoT device and UE type node is the same as direct communication between the device and a basestation.
2.4 UE assisted communication
The connectivity topology of UE assisted communication involves three network elements, including basestation, UE type node, and Ambient IoT device. It works when the link budget of either downlink or uplink to a BS is obviously lower than the other in the connectivity topology of direct link to basestation. An additional UE type node is used to transmit to or receive from Ambient IoT device for the weaker link. For the category #1 Ambient IoT device discussed in [4], the assisting UE can also be used to provide a carrier wave for backscattering.
In these topologies, we distinguish the following links:

· A conventional NR Uu backhaul uplink/downlink between a gNB and a UE

· Ambient IoT data reception link, and ambient IoT data transmission link, from/to a UE-type node or a BS node.

· A node providing an Ambient IoT carrier wave to an Ambient IoT device.
UE-assisted data transmission

. The air interface involves three network elements, illustrated in Figure 4 and Figure 5, respectively.
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Figure 4 – UE assisted downlink data transmission
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Figure 5 – UE assisted uplink data transmission
The ambient IoT device categories derived in [4] are applicable here, where a category #1 device (with no carrier wave generation) applies only to the topologies where another node provides a carrier wave, i.e. (a) and (b), whereas a category #2 device (able to produce its own carrier wave) can work in any of the topologies shown.

For a category 1 Ambient IoT device, data transmission is assumed to be based on backscattering the RF carrier wave provided by an external source. This mechanism makes the difference between Figure 4(a) and 4(b) for UE assisted downlink data transmission, and also Figure 5(a) and 5(b) for UE assisted uplink data transmission.
In Figure 5(a) and 5(b), the assisting UE has to deal with the interference of the carrier wave signal sent by basestation and itself, respectively. In analysing the impacts of the carrier wave on the reception at the legacy UE-type node, it is necessary to consider the circumstances in which there may or may not be a need for dedicated hardware for interference cancellation in the RF front-end implementation of the assisting UE to avoid being blocked by the interference. Baseband interference suppression is also needed to achieve acceptable receiver sensitivity.
Observation 3: In the topology of UE assisted uplink data transmission, the relationship between the carrier wave and the potential of hardware change and additional baseband processing needs to be considered for an assisting UE implemented based on legacy 3GPP UE.
Similar to sidelink, the topology of UE assisted downlink data transmission would need additional study on feasibility of operation subject to limitation on the UE-type node’s ambient IoT transmit power, in licensed spectrum (e.g. due to power control) and in unlicensed spectrum (e.g. due to intra-/inter-system interference). More generally, which type of spectrum is suitable on each link in this topologies requires further discussion.
If the link budgets of downlink and uplink are similar, or even balanced, for direct communication between Ambient IoT device and basestation, UE assisted data transmission would provide approximately the same coverage as direct connection to the basestation. It is therefore also worth developing a description of the cases of e.g. need for basestation coverage extension, which are the primary interests for this set of UE-assisted topologies.
UE-assisted carrier wave transmission

For category 1 Ambient IoT devices, the assisting UE type node can only provide RF carrier wave for uplink transmission. In this topology, data transmissions only happen between Ambient IoT device and basestation. Thus the air interface of direct connection to basestation can be reused. Additionally, basestation shall configure the assisting UE type node to send RF carrier wave, which can be transparent to Ambient IoT device. According to the deployment, assisting UE type node can also be used to power Ambient IoT device with the RF carrier wave signal.
Observation 5: In the topology of UE assisted carrier wave transmission for Ambient IoT device based on backscattering for uplink transmission, the air interface between the device and basestation can be the same as direct link between them.
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Figure 6 – UE assisted CW transmission
In UE-assisted carrier wave transmission, the UE-type node only needs to send an RF carrier wave according to the configuration of basestation. It does not need to support transmitting or receiving any modulated Ambient IoT signals. The node also does not need to transform any signalling or data from either basestation or Ambient IoT device. Consequently, it is possible that the assisting UE can be implemented based on legacy 3GPP UE (e.g., NR UE) without hardware changes.
Observation 6: In the topology of UE assisted carrier wave transmission, the implementation complexity increase of both Ambient IoT device and assisting UE-type node is expected to be smaller than in a UE-assisted data transmission topology.
Proposal 4: Include UE-assisted connectivity topologies:

· UE-assisted downlink

· UE-assisted uplink

· UE-assisted carrier wave
Proposal 5: The study of UE-assisted connectivity topologies further investigates:

· Impact of supporting ambient IoT on legacy UE hardware in the RF and baseband domains.

· Constraints on operation due to, and applicability of, use of licensed and unlicensed spectrum (if agreed)
· Cases in which the topologies can extend coverage of a BS
3. Conclusions

Observation 1: In licensed spectrum, the coverage of UE type node in Ambient IoT sidelink is assumed to be limited and unreliable due to its constrained and varied transmit power to comply with the power control mechanism of existing 3GPP technology in the same band.
Observation 2: If the link budgets of downlink and uplink are similar or even balanced for direct communication between Ambient IoT device and basestation, UE assisted data transmission would provide approximately the same coverage as direct connection to the basestation.
Observation 3: In the topology of UE assisted uplink data transmission, the relationship between the carrier wave and the potential of hardware change and additional baseband processing needs to be considered for an assisting UE implemented based on legacy 3GPP UE.
Observation 4: In the connectivity topology of UE assisted data transmission, the type (e.g., licensed or unlicensed) of spectrum used for the link between Ambient IoT device and assisting UE is assumed to be accordant with the link between the device and basestation.
Observation 5: In the topology of UE assisted carrier wave transmission for Ambient IoT device based on backscattering for uplink transmission, the air interface between the device and basestation can be the same as direct link between them.
Observation 6: In the topology of UE assisted carrier wave transmission, the implementation complexity increase of both Ambient IoT device and assisting UE-type node is expected to be smaller than in a UE-assisted data transmission topology.

Proposal 1: Include a connectivity topology of direct communication between Ambient IoT device and basestation.
Proposal 2: Include a connectivity topology of relay, where the air interface between Ambient IoT device and relay node can be the same as direct communication between the device and basestation, and assume the backhaul link between relay node and basestation is transparent to the Ambient IoT device.
Proposal 3: Include a connectivity topology of direct device to device link (i.e. sidelink), where the air interface between Ambient IoT device and UE type node is the same as direct communication between the device and a basestation.

Proposal 4: Include UE-assisted connectivity topologies:

· UE-assisted downlink

· UE-assisted uplink

· UE-assisted carrier wave

Proposal 5: The study of UE-assisted connectivity topologies further investigates:

· Impact of supporting ambient IoT on legacy UE hardware in the RF and baseband domains.

· Necessary constraints on ambient IoT downlink power in agreed spectrum types (e.g. licensed, unlicensed).
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