3GPP TSG RAN Meeting #98e
RP-223397
Electronic Meeting, December 12–16, 2022

Source:
Huawei, HiSilicon, Orange
Title:
Use cases and representative use cases for Ambient IoT
Agenda item:
9.2.3

Document for:
Discussion and decision

1. Introduction

In RAN#97e, the “Study on Ambient IoT” was approved [1]. One objective is to identify the suitable deployment scenarios regarding at least the use cases and services captured in SA1’s TR 22.840. For this purpose, summarization of the target use cases and the corresponding KPIs can be done to abstract representative use cases for further study. Application traffic characteristics can also be abstracted according to the service flows of the use cases.
	· 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 SA1 #97e, the SID “Study on Ambient power-enabled Internet of Things” was approved. By SA1 #100 (Nov. 2022), 30 use cases have been captured in TR 22.840 [2]. This paper discusses about the target use cases of Ambient IoT based on the output of SA1.
The goal of this paper is to identify what are the key similarities and differences among the SA1 use cases in terms of their implications for the RAN domain, so that a much smaller number of “representative use cases”, as described in the SID, can be defined. These representative use cases are then beneficial in allowing RAN to define a few clear deployment scenarios, and (in later meetings) corresponding design targets.

We utilize these representative use cases to propose how to define deployment scenarios in RP-223398 [3], and further rely on other detailed analyses in our companion papers:

[4] RP-223399, “Discussion on connectivity topologies for Ambient IoT”

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

We have also provided initial analysis of RAN design targets in RP-22xxxx, “Proposal on RAN design targets for Ambient IoT” [6].
2. Considerations on the target use cases of Ambient IoT
2.1 Summary of the use cases identified by SA1
From the descriptions in TR 22.840, the majority of the use cases involves Ambient IoT communications in either indoor or outdoor scenarios. Accordingly, those use cases can be divided into two categories, as the deployment scenarios are assumed to be distinct between indoor and outdoor. A few other use cases require the communication with Ambient IoT devices in both indoor and outdoor scenarios. Assuming that they can be supported by the combination of indoor and outdoor deployment, those use cases and their requirements and characteristics in each scenario are included in the corresponding category.
For either indoor or outdoor Ambient IoT communication, industry-oriented and personal or home-oriented applications can lead to different deployment scenarios, such as basestation characteristics and connectivity topology. Consequently, the use cases in indoor or outdoor category can be further abstracted as industry-oriented and personal or home-oriented ones.
2.1.1 Use cases in indoor scenarios
In TR 22.840, there are 24 use cases involving Ambient IoT communication in indoor scenarios, as listed in Table 1.

Table 1 Summary of Ambient IoT use cases in indoor scenarios
	Application characteristics 
	Use case
	Application traffic characteristics
	Service area dimension (m2)
	Section

	Industry-oriented application
(large area)
	Automated warehousing
	Triggered report
	-
	5.1

	
	Medical instruments inventory management and positioning
	Triggered report
	-
	5.2

	
	Non-public network for Logistics
	Triggered report
	-
	5.4

	
	Intralogistics in Automobile manufacturing
	Triggered report
	600,000
	5.5

	
	Asset tracking in airport terminal / shipping port
	Triggered report 
	1~10km2
	5.7

	
	Online modification of medical instruments status
	Command
	-
	5.11

	
	Automated supply distribution
	Triggered report
	600,000
	5.16

	
	Fresh food supply chain
	Triggered report
	30,000
	5.18

	
	Smart agriculture
	Triggered report

Autonomous periodic report

Command
	500~70,000
	5.20

	
	Smart pig farm
	Triggered report 

Command
	6,000
	5.23

	
	End-to-end logistics
	Triggered report
	-
	5.27

	
	Logistics in flower auction
	Triggered report
	1,700,000
	6.1

	Industry-oriented application
(small area)
	Basestation machine room environmental supervision
	Autonomous periodic report

Autonomous exception report
	-
	5.13

	
	Cow monitoring in stable
	Autonomous periodic report

Autonomous exception report
	1,800
	6.2

	Personal / Home-oriented application
	Sensors in smart homes
	Autonomous periodic report
	-
	5.6

	
	Remote lost item finding
	Triggered report
	-
	5.8

	
	Ranging
	Triggered report
	-
	5.10

	
	Personal belongings finding
	Triggered report
	Indoor: 200m2
	5.12

	
	Indoor positioning in shopping centre
	Triggered report
	-
	5.14

	
	Smart laundry
	Triggered report

Autonomous periodic report
	1000
	5.15

	
	Device activation and deactivation
	Command
	-
	5.17

	
	Museum guide
	Triggered report
	20,000
	5.21

	
	Elderly Health Care
	Command
	-
	5.27

	
	Pressure powered switch
	Autonomous report
	-
	5.28


Regarding the 14 use cases of industry-oriented applications in Table 1, there are two representative use cases based on the typical size of service area. 
· For the first representative use cases, the applications require coverage over a large area, including intralogistics in automobile manufacturing and flower auction, automated warehousing, automated supply distribution, smart agriculture, and medical instruments inventory management and positioning. The service areas of those use cases are usually far beyond the coverage of a single node. In addition, continuous coverage over the service area is usually necessary or at least helpful. For example, thousands or even millions of objects, to which Ambient IoT device being attached, can be widely dispersed in the service area, such as the containers in flower auctions, automobile manufacturing and supply chain. Moreover, the layout of service area may be changed over time, which is usually required for warehousing and flexible manufacturing. To support continuous coverage over large indoor area, cellular network of a certain scale is assumed to be more suitable.
· For the second representative use cases, one or only a few nodes are sufficient to cover a small service area (e.g., less than 2,000m2), such as basestation machine room environmental supervision and cow monitoring in stable. Both basestation and other types of nodes can be considered to provide Ambient IoT communication.
Regarding the 10 use cases of personal or home-oriented in Table 1, some assume Ambient IoT communication happens between personal cell phone and Ambient IoT devices, such as personal belongings finding, indoor positioning in shopping centre, and museum guide. For the other use cases, Ambient IoT devices may communicate with some types of node depending on the suitable deployment. For example, an independent Ambient IoT node can be deployed at home to provide service for the use cases such as sensors in smart homes, smart laundry, and pressure powered switch. Another solution is to cover those home-oriented Ambient IoT device by the nearby outdoor basestation. Whether the coverage is indoor-to-indoor or outdoor-to-indoor can vary, and is discussed in our deployment scenarios paper [3]. 
Proposal 1: All indoor-related use cases from TR 22.840 can be considered within the RAN SI, by grouping them into a few representative use cases.

Proposal 2: The study and TR use 3 indoor representative use cases:
· Indoor 1: Industry-oriented Ambient IoT service provides indoor continuous coverage over a large area.
· Indoor 2: Industry-oriented Ambient IoT service covers an indoor small area by one or only a few nodes.
· Indoor 3: Ambient IoT service for personal, or home-oriented applications in indoor area.
2.1.2 Use cases in outdoor scenarios
In TR 22.840, there are 12 use cases involving Ambient IoT communication in outdoor scenarios, as listed in Table 2.
Table 2 Summary of Ambient IoT use cases in outdoor scenarios

	Application characteristics
	Use case
	Application traffic characteristics
	Service area dimension (km2)
	Section

	Industry-oriented applications 

(large area)
	Substations in smart grids
	Autonomous periodic report

Command
	several km2 up to 100,000 km2
	5.3

	
	Asset tracking in airport terminal / shipping port
	Triggered report 
	1~10km2
	5.7

	
	Forest fire monitoring
	Triggered report

Autonomous periodic report

Command
	-
	5.19

	
	Smart dairy farm
	Triggered report

Command
	0.43
	5.22

	
	Smart monitoring of manhole cover
	Triggered report

Command
	City wide including rural areas
	5.24

	
	Smart bridge health monitoring
	Triggered report

Command
	Along the bridge
	5.25

	Industry-oriented applications
 (tollgate)
	Non-public network for logistics
	Triggered report
	-
	5.4

	
	Automated supply chain distribution
	Triggered report
	
	5.16

	Personal application
	Remote lost item finding
	Triggered report
	-
	5.8

	
	Location service
	Triggered report
	-
	5.9

	
	Personal belongings finding
	Triggered report
	Outdoor: Up to the whole PLMN
	5.12

	
	Elderly health care
	Command
	-
	5.27


A majority of industry-oriented applications require large area coverage. In some use cases, hundreds or thousands of Ambient IoT devices can be widely dispersed in a local area as large as 1 km2, such as environment monitoring in electrical substation, cow body temperature monitoring in smart dairy farm, smart bridge health monitoring. For smart monitoring of manhole cover and forest fire monitoring, wide area coverage similar to or the same as legacy 3GPP network can be assumed, as a large number of Ambient IoT devices may be irregularly distributed all over a city or forest. For either local area or wide area use cases, continuous coverage can make the placement of Ambient IoT devices more flexible and convenient for various applications.
In the use cases of non-public network for logistics and automated supply distribution, Ambient IoT communication may only happens at some tollgates. For the two use cases, it is sufficient to only analyze the deployment scenarios of a single tollgate.
Among the 4 use cases of personal applications in outdoor scenarios, location service in wide area are required for 3 of them by attaching the Ambient IoT device to the target object and positioning the device. In the use case of elderly health care, a command is sent to Ambient IoT device to indicate the following operation of some personal equipment. According to the description, the service is also assumed to be available in wide area.
Proposal 3: All outdoor-related use cases from TR 22.840 can be considered within the RAN SI, by grouping them into a few representative use cases.

Proposal 4: The study and TR use 3 outdoor representative use cases:

· Outdoor 1: Industry-oriented Ambient IoT service provides outdoor continuous coverage over a large area.

· Outdoor 2: Industry-oriented Ambient IoT service covers an outdoor small area (e.g., tollgates) by one or only a few nodes.
· Outdoor 3: Ambient IoT service for personal applications in outdoor wide area.
3. Application traffic characteristics

Although the SID groups traffic assumptions as a characteristics of a deployment scenarios, we present the analysis here, since the traffic is necessarily derived initially from use cases. It is then utilized in our deployment scenarios paper [3].

According to the descriptions on the service flows of the use cases in TR 22.840, the application traffic characteristics of each case have also been summarized in Table 1, Table 2 and Table 3, which can be abstracted into the following three categories of application traffic models.
3.1 Triggered reporting
In triggered reporting, the device sends a report responding to a request from application server. In different use cases, the report may include the device ID or sensor data.

· In the use cases of logistics, supply chain, asset management, and location service, the Ambient IoT device reports its ID according to the request from the application server. Ambient IoT network can provide inventory by triggering all the devices within its coverage to report, which usually occurs in the use cases in logistics and supply chains. Ambient IoT network can also provide paging by assigning a group of devices, or a single device to report, which is useful for the use cases of asset management and location services.
· In some use cases of wireless sensing (e.g., smart laundry), an Ambient IoT device shall report sensor data to the network according to the request from application server.

3.2 Autonomous reporting
Autonomous reporting mainly applies for the use cases of wireless sensor network. In those cases, ambient IoT device sends sensor data to network in the way of periodic or event-triggered reporting.
Autonomous reporting periodic reports
In the use cases like environment monitoring in electrical substation, Ambient IoT device reports sensor data periodically according to the configuration from application server. The reporting period and packet size of each report may both be configured by the server. In the use case of gas monitoring in smart home, the reporting period can be reconfigured to a shorter time than normal if triggered by some events.
Autonomous reporting exception reports
In the use cases of temperature monitoring of livestock, Ambient IoT device shall send immediate alerts in case the animal is in distress (e.g. during calving). It is a typical event-triggered reporting initiated by the device.
3.3 Command

The traffic model of command is used to model applications where an application server generates an application layer command to the device to perform an action. For example, application server can activation or deactivation an Ambient IoT device for flower monitoring by sending a corresponding command to it. Another example is that application server can send some data to the device to actively modify the recorded status of medical instruments, which can be applied to both industry-oriented applications such as instruments management in hospital and personal applications such as elderly health care.
Proposal 5: The study and TR consider three categories of application traffic model:
1. Triggered reporting
2. Autonomous reporting
3. Command.
4. Conclusions

Proposal 1: All indoor-related use cases from TR 22.840 can be considered within the RAN SI, by grouping them into a few representative use cases.

Proposal 2: The study and TR use 3 indoor representative use cases:

· Indoor 1: Industry-oriented Ambient IoT service provides indoor continuous coverage over a large area.

· Indoor 2: Industry-oriented Ambient IoT service covers an indoor small area by one or only a few nodes.
· Indoor 3: Ambient IoT service for personal, or home-oriented applications in indoor area.

Proposal 3: All outdoor-related use cases from TR 22.840 can be considered within the RAN SI, by grouping them into a few representative use cases.

Proposal 4: The study and TR use 3 outdoor representative use cases:

· Outdoor 1: Industry-oriented Ambient IoT service provides outdoor continuous coverage over a large area.

· Outdoor 2: Industry-oriented Ambient IoT service covers a small outdoor area (e.g., tollgates) by one or only a few nodes.
· Outdoor 3: Ambient IoT service for personal applications in outdoor wide area.
Proposal 5: The study and TR consider three categories of application traffic model:

1. Triggered reporting
2. Autonomous reporting
3. Command.
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