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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 deployment scenarios and their characteristics 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.


In Sections 2 – 6, this paper gives initial analysis of what the possible entries can be for each of the characteristics of a deployment scenario listed in the SID
In Section 7, we give an example of how to assemble them into an example deployment scenario. We envisage the definition in detail of the assembled deployment scenarios will be a key activity of RAN#99e, rather than for this meeting.
We rely on other detailed analyses in our companion papers:

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

[3] RP-223399, “Connectivity topologies 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. Indoor / outdoor characteristic
In [2], we have analyzed how to consider the SA1 use cases via a small number of representative use cases, which are designed to collect together the common features of the individual use cases they represent. In summary, we have one set of representative use cases for indoor services, and another set for outdoor services, divided primarily by the type and number of node we assume they will be served by:
Indoor representative use cases

· Indoor 1: Industry-oriented Ambient IoT service is assumed to provide indoor continuous coverage over a large area, such as intralogistics in automobile manufacturing and flower auction.

· Indoor 2: Industry-oriented Ambient IoT service is assumed to provide an indoor small area coverage, such as basestation machine room environmental supervision and cattle monitoring in a stable.

· Indoor 3: Ambient IoT service is assumed for some personal or home-oriented applications in indoor area, such as sensors in smart homes and personal belongings finding.
Outdoor representative use cases
· Outdoor 1: Industry-oriented Ambient IoT service is assumed to provide outdoor continuous coverage over a large area, such as environment monitoring in power grid and smart monitoring of manhole cover.

· Outdoor 2: Industry-oriented Ambient IoT service is assumed to cover an outdoor small area (e.g., tollgate) by one or only a few nodes, such as non-public network for logistics and automated supply distribution.

· Outdoor 3: Ambient IoT communication is assumed for some personal applications in outdoor wide area, such as location service for pet finding and elderly health care.
This straightforwardly shows that both indoor and outdoor use cases exist for ambient IoT, and it is hence necessary to define deployment scenarios to address them. 

Proposal 1: The study includes deployment scenarios characterized by indoor and outdoor environments, according to the representative use cases derived from at least the SA1 TR.

3. Basestation characteristics and coexistence/co-deployment with existing infrastructure
With the 6 representative use cases discussed above, we can analyze what BS-node characteristics can be used to provide coverage to them.
3.1 Indoor scenarios
For the representative use cases of industry-oriented applications requiring indoor large area coverage, cellular network of a certain scale is assumed to be an optimal solution to provide continuous coverage for required service availability. Indoor small cell BSs are usually deployed for the automation of industries such as logistics, manufacturing and warehousing. For reasonable CAPEX of the infrastructure, Ambient IoT network is recommended to be co-deployed with existing 3GPP small cell BSs. The inter-site distance (ISD) of small cell BS is typically 20~35m for the deployment of legacy 3GPP network, especially in industry-oriented use cases. In case of independent deployment, the support of ISD as large as 35m can also increase the core competitiveness of Ambient IoT technology.

Observation 1: For the representative use case of industry-oriented applications requiring indoor large area coverage, Ambient IoT cellular network based on small cell BS can be assumed, for which the support of typical inter-site distance (ISD) of legacy 3GPP technologies can reduce the infrastructure cost.
For the representative use cases of industry-oriented applications only requiring indoor small area coverage, one or two small cell BS may be sufficient to cover the service area (e.g., less than 2000m2). As the service area dimension is small, Ambient IoT communication can also be supported by deploying some node other than basestation, such as relay node.
Observation 2: For the representative use cases of industry-oriented applications only requiring indoor small area coverage, small cell BS can be assumed to provide Ambient IoT service, while some types of node other than basestation can also be considered.

For the representative use cases of personal or home-oriented applications in indoor area, small cell BS may not be suitable to be deployed at home due to its high cost and large size and relatively complicated engineering installation. If Ambient IoT device is assumed to directly communicate with basestation, it may rely on the link to outdoor macro- or micro-cell BS. In other words, the outdoor Ambient IoT macro-cell or micro-cell BS is assumed to provide O2I coverage for those use cases. 
Observation 3: For the use cases of personal or home-oriented applications in indoor area, Ambient IoT device is assumed to communicate with nearby outdoor macro-cell or micro-cell BS in case of direct link to basestation.

Proposal 2: The study includes deployment scenarios with BS characteristics of indoor small cell BS with typical ISD of [35m] for indoor scenarios.
Proposal 3: The study includes deployment scenarios with BS characteristics of outdoor macro-cell or micro-cell BS providing O2I coverage for indoor scenarios.
3.2 Outdoor scenarios
For the representative use cases of industry-oriented applications requiring outdoor large area coverage, Ambient IoT cellular network can be regarded as an optimal solution to meet the coverage requirement, especially when continuous coverage is required. In outdoor scenarios, country wide 3GPP cellular network have been deployed based on macro-cell or micro-cell BS all over the world. Co-deployment with existing 3GPP basestation is assumed to be attractive due to the possible low infrastructure cost. In other words, Ambient IoT macro-cell or micro-cell BS is assumed to support the typical ISD of existing 3GPP network.
For the representative use cases of industry-oriented applications requiring outdoor small area (e.g., tollgate) coverage, Ambient IoT service can be provided by nearby macro-cell or micro-cell BS. If independent deployment is assumed, micro-cell BS can be considered.
For the representative use cases of personal applications in outdoor wide area, it is more feasible to provide Ambient IoT service by the cellular network co-deployed with existing 3GPP networks, if Ambient IoT device is assumed to directly communicate with basestation.
Observation 4: For the industry-oriented use cases in outdoor scenarios, Ambient IoT service can be assumed to be provided by macro-cell or micro-cell BSs supporting typical ISD of existing 3GPP network.
Observation 5: For the use cases of personal applications in outdoor wide area, Ambient IoT service is assumed to be provided by cellular network co-deployed with existing 3GPP macro-cell or micro-cell BSs.

Proposal 4: The study includes deployment scenarios with BS characteristics similar to outdoor macro-cell and micro-cell BS supporting typical ISD of existing 3GPP macro-cell and micro-cell BS (e.g., NR macro-cell and micro-cell BS) for outdoor scenarios, respectively.
4. Spectrum and coexistence with existing UEs/gNBs
4.1 Licensed spectrum

Licensed spectrum offers the benefits of high transmit power and manageable interference for cellular network covering a large area, especially in outdoor scenarios. The legal transmit power of basestation can be as high as tens of watts in licensed spectrum. Considering antenna gain, the downlink transmit power can be much higher over that in unlicensed spectrum. In addition, the mature interference coordination schemes in licensed spectrum play important role for continuous coverage.
If Ambient IoT is deployed based on licensed spectrum, in-band and guard-band operation mode can be considered for reusing the existing spectrum resources, in addition to standalone operation.
As country wide cellular network based on both FDD and TDD spectrum have been deployed all over the world, the two types of spectrum can both be considered for Ambient IoT.

Proposal 5: The study includes a deployment scenario of ambient IoT in licensed spectrum, with a requirement of coexistence in-band/guard-band/standalone to NR.
Proposal 6: The study includes deployment scenarios with FDD spectrum and scenarios with TDD spectrum.
4.2 Unlicensed spectrum

We consider that unlicensed spectrum can be analyzed primarily from the perspective of interference.

If the unlicensed band is not dedicated for Ambient IoT, the inter-system interference may come from a nearby node or device of different system, where cross-system interference coordination is uneasy. Even in a dedicated band, intra-system interference is assumed to be non-negligible between the nodes or devices without coordination, especially between independent private networks for different applications.

In indoor scenarios, the interference can be relatively suppressed to some degree. For industry-oriented or home-oriented applications, there can be some schemes to coordinate the wireless equipment in the same enclosed space for interference management, as the nodes and devices may all belong to the same user. The interference from outside is also weakened by spatial isolation and penetration loss.
Another challenge with unlicensed spectrum is the constraint on transmit power. In the UHF ISM band for RFID, the transmit power of RFID reader is not allowed to exceed 2 W (e.r.p.) in most countries [6]. The limited downlink transmit power will lead to limited link budget of both energy transmission and data transmission.
Proposal 7: Discuss in the study item whether unlicensed spectrum can be considered for indoor deployment scenarios, from the perspectives of at least inter- and intra-system interference, potentially-suitable bands, and permitted transmit powers.
5. Connectivity topologies

In [3], we discuss in more detail 4 (families of) connectivity topologies for ambient IoT. These cover cases of:
1. Direct connection of Ambient IoT device to a BS-type node

2. Connection of Ambient IoT device to a BS node via a relay node

3. Direct connection between an Ambient IoT device and a conventional UE

4. UE-assisted connection to BS node, where a UE assists an Ambient IoT device either by providing a conventional backhaul connection to/from a BS node, and/or by providing a carrier wave signal for the Ambient IoT device.
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Topology 1: Direct connection to BS-type node
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Topology 2: Connection to BS node via a relay node
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Topology 3: Direct connection between ambient IoT device and  UE-type node
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UE assisted downlink (UE-type node can also provide only the carrier wave)
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UE assisted uplink
Topology 4: UE-assisted connection to BS node


Figure 1 Potential connectivity topologies for Ambient IoT network
Proposal 8: The study item includes deployment scenarios assuming the following topologies:
· Direct connection to a BS-type node

· Connection to a BS node via a relay node

· Direct connection between an Ambient IoT device and a conventional UE

· UE-assisted connection to BS node, where a UE assists an Ambient IoT device either by providing a conventional backhaul connection to/from a BS node, and/or by providing a carrier wave signal for the Ambient IoT device.

6. Application traffic characteristics

In [2], the application traffic characteristics of each use case in TR 22.840 have been abstracted based on the corresponding descriptions. Three categories of application traffic models can be summarized from all those use cases for Ambient IoT: triggered reporting, autonomous reporting, and command. 

Detailed analysis can refer to section 2.2 in [2].
Proposal 9: The study item includes deployment scenarios suitable for application traffic characteristics of:
· Triggered reporting
· Autonomous reporting
· Command
7. Construction of deployment scenarios

The key effort in this objective of the SI is how to group the above characteristics into deployment scenarios as defined in the SID. We give just one example here, and suggest that in RAN#99e (according to the workplan) RAN will develop further such examples:
Table 1 Example of the characteristics table for deployment scenarios
	Characteristic
	Example Deployment Scenario 1 (15 use cases)

	Indoor/outdoor
	Representative indoor use case 1: Indoor, industrial-oriented, large service coverage area

	Basestation
	Micro-cell BS

	Spectrum
	Licensed [FDD/TDD]

	Coexistence
	Co-deployed Ambient IoT nodes on existing small-cell sites with typical ISD e.g. 35 meters

	Topology
	T1 (direct connection to BS-type node)

	Application traffic
	Triggered report (11 use cases), command (3 use cases), autonomous periodic report (1 use case)


8. Conclusions

Observation 1: For the representative use case of industry-oriented applications requiring indoor large area coverage, Ambient IoT cellular network based on small cell BS can be assumed, for which the support of typical inter-site distance (ISD) of legacy 3GPP technologies can reduce the infrastructure cost.
Observation 2: For the representative use cases of industry-oriented applications only requiring indoor small area coverage, small cell BS can be assumed to provide Ambient IoT service, while some types of node other than basestation can also be considered.
Observation 3: For the use cases of personal or home-oriented applications in indoor area, Ambient IoT device is assumed to communicate with nearby outdoor macro-cell or micro-cell BS in case of direct link to basestation.

Observation 4: For the industry-oriented use cases in outdoor scenarios, Ambient IoT service can be assumed to be provided by macro-cell or micro-cell BSs supporting typical ISD of existing 3GPP network.
Observation 5: For the use cases of personal applications in outdoor wide area, Ambient IoT service is assumed to be provided by cellular network co-deployed with existing 3GPP macro-cell or micro-cell BSs.

Proposal 1: The study includes deployment scenarios characterized by indoor and outdoor environments, according to the representative use cases derived from at least the SA1 TR.
Proposal 2: The study includes deployment scenarios with BS characteristics of indoor small cell BS with typical ISD of [35m] for indoor scenarios.

Proposal 3: The study includes deployment scenarios with BS characteristics of outdoor macro-cell or micro-cell BS providing O2I coverage for indoor scenarios.
Proposal 4: The study includes deployment scenarios with BS characteristics similar to outdoor macro-cell and micro-cell BS supporting typical ISD of existing 3GPP macro-cell and micro-cell BS (e.g., NR macro-cell and micro-cell BS) for outdoor scenarios, respectively.

Proposal 5: The study includes a deployment scenario of ambient IoT in licensed spectrum, with a requirement of coexistence in-band/guard-band/standalone to NR.
Proposal 6: The study includes deployment scenarios with FDD spectrum and scenarios with TDD spectrum.
Proposal 7: Discuss in the study item whether unlicensed spectrum can be considered for indoor deployment scenarios, from the perspectives of at least inter- and intra-system interference, potentially-suitable spectrum, and permitted transmit powers.
Proposal 8: The study item includes deployment scenarios assuming the following topologies:

· Direct connection to a BS-type node

· Connection to a BS node via a relay node

· Direct connection between an Ambient IoT device and a conventional UE

· UE-assisted connection to BS node, where a UE assists an Ambient IoT device either by providing a conventional backhaul connection to/from a BS node, and/or by providing a carrier wave signal for the Ambient IoT device.
Proposal 9: The study item includes deployment scenarios suitable for application traffic characteristics of:

· Triggered reporting
· Autonomous reporting
· Command 
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