3GPP TSG RAN Meeting #99
RP-230670
Rotterdam, Netherlands, March 20-23, 2023
Source:
Huawei, HiSilicon
Title:
Use case grouping for Ambient IoT
Agenda item:
9.2.3
Document for:
Discussion and decision

1. Introduction

In RAN#98e, the following agreements have been reached on the handling of SA1 use cases [1] for Ambient IoT. 
	Agreement:

· Define the groups of Grouping A as follows, as a start point:

· Indoor

· Outdoor

· Indoor/outdoor

· Define the groups of Grouping B as follows, as a start point:

· Inventory

· Sensors

· Positioning

· Command

· Whether to incorporate Grouping A and Grouping B according to Approach 1 (include both separately) or Approach 2 (Group first by A, and second by B) will be decided in RAN#99.

· Mapping of SA1 use cases to the groups of each grouping will be discussed in the next meeting, including whether RAN needs to attempt that mapping, or only has to define the groups.


By mapping the use cases into a few groups, the key similarities and differences between them can be identified in terms of their implications for the RAN discussion. The use case grouping should be beneficial in allowing RAN to define a proper set of clear deployment scenarios [2]. This paper discusses about the approach of use case grouping.
2. Discussions on the relationship between use cases grouping and deployment scenarios
In RAN#98e, a set of characteristics has been agreed to represent the deployment scenarios for the target use cases of Ambient IoT.
	Agreement:

Capture deployment scenarios as follows:

Applicable representative use cases

Characteristic

Description

rUC1, rUC2, …, …

Environment (of device)

Basestation characteristic (if any)

Connectivity topology

Spectrum

Coexistence with existing 3GPP technologies

Traffic assumption

FFS: whether/which rows can be indicated with more than one value, e.g. Environment = Indoor/Outdoor

FFS: Possible values for each characteristic row (see following questions)

FFS: Whether device characteristic is added to the table.


Grouping A with groups of indoor and/or outdoor is more suitable to be used as the start point of use case grouping for the study of deployment scenarios, as clarified in the following.
· Environment (of device): Ambient IoT service will be provided either in indoor or outdoor scenarios according to where the devices may be located. In some use cases, both indoor and outdoor services are requested for the mobile devices. 
· Basestation characteristics (if any): When needed, the type of base station depends on the environment of indoor/outdoor and required coverage performance (e.g., effective communication range). E.g. indoor micro- or pico-cell basestation for the direct link to indoor located device, while outdoor macro- or micro-cell basestation for the direct link to outdoor located device. 
· Connectivity topology: Suitable connectivity topology for each representative use case can be relative to indoor or outdoor deployment, and the size of service area. E.g. a large outdoor service area demands cellular-scale deployment based on the topology of direct communication to basestation, while a home oriented indoor environment may rely more on communication to relay or UE-type node.
· Spectrum: The suitable spectrum usage is related to the environment of indoor/outdoor, communication range and reliability. For example, unlicensed spectrum is assumed to be unreliable for outdoor scenarios due to the uncontrollable interference possibly from both intra- or inter-system interfering sources, especially in public areas.  
· Coexistence with existing 3GPP technologies: For outdoor scenarios, it can be more desirable to deploy Ambient IoT network based on the same site as an existing 3GPP deployment, considering the higher infrastructure cost than indoor deployment, and relatively more complete existing deployment.
Observation 1: Grouping A (indoor, outdoor, indoor/outdoor) is more suitable to define groups of representative use cases for the study of deployment scenarios.
Observation 2: Define representative use cases of Grouping A with considering the size of indoor or outdoor service area would be useful for the study of deployment scenario.
In all the identified characteristics of the deployment scenarios, only the traffic assumption (e.g., device originated or terminated) may be related to the Grouping B ‘functionalities’ for the corresponding use cases. For example, the device originated traffic mainly exists for the functionality of ‘sensors’, which can be recommended to be supported in almost all the deployment scenarios. Consequently, Grouping B by the 4 functionalities does not seem to help identify the suitable values for the characteristics of deployment scenarios. It is not precluded that Grouping B might be used for the study of other aspects.
Observation 3: Approach 2 (Group first by A, and second by B) is expected to provide little help for the study of deployment scenarios.
Proposal 1: The study and TR incorporate Grouping A and Grouping B according to Approach 1 (include both separately).
3. Proposed use case grouping for the study of deployment scenarios
After the first level grouping by indoor and/or outdoor as a start point, as clarified above, some aspects (such as service area size and service availability etc.) would be helpful for the purpose of generating deployment scenario tables.
This is useful because if Grouping A has only indoor and outdoor (or both), it will lead to deployment scenarios which are suitable for some of the related SA1 use cases in the relevant environment e.g. indoors, but not suitable for all the SA1 use cases in that environment. Hence, we propose a simple division of indoor and outdoor to account for this.
A few other use cases request Ambient IoT service in both indoor and outdoor scenarios. Assuming that they can be supported by the combination of indoor and outdoor deployment, those use cases can be included in both the two categories. Their corresponding KPIs and characteristics in indoor and outdoor scenarios will be separately studied.
3.1 Use cases in outdoor scenarios

In TR 22.840, there are 24 use cases requesting Ambient IoT service in indoor scenarios, as listed in Table A-1 in the Appendix.
As discussed above and referring to the Appendix, besides the environment of device, the practical deployment scenarios for each use case mainly depends on the service area size, etc. All the 24 use cases in Table A-1 can be further divided into the following 3 groups.
· For the use cases in the first group of indoor large area, Ambient IoT service is requested over large service area varying from several thousand to several hundred thousand square meters. The service area size is assumed to be far beyond the coverage (e.g., around or less than 1,000 m2) of a single indoor node. In addition, continuous coverage over the service area is usually necessary or recommended. For example, thousands or even millions of objects, to which Ambient IoT device being attached, can be widely dispersed in the overall service area, such as the containers in a flower auction, manufacturing factory and warehouse. Moreover, the layout of the service area may be changed over time, which is usually required for warehousing and flexible manufacturing. The two requirements request Ambient IoT service to be available in most places of the service area, which actually corresponds to continuous coverage over the service area. To meet the requirements, cellular network based on a number of basestations is assumed to be optimal.

· For the two use cases in the second group of indoor small area, one or only a few nodes are assumed to be sufficient to cover a small service area of a few thousand square meters or even smaller, such as a basestation machine room or a cow stable. Both basestation and other types of nodes (e.g., relay node) can be considered to support Ambient IoT communication. Continuous coverage is requested as well.
· For the use cases in the third group of home or personal area, Ambient IoT service is request for personal area or at home. Indoor basestation may not be assumed. One solution is to serve the Ambient IoT device by nearby outdoor basestation directly. In case of insufficient link budget for outdoor-to-indoor coverage of outdoor basestation, the other solution is to communicate with Ambient IoT device by personal cell phone for the use case like ranging at home and museum guide, or an intermediate node for the use case like smart homes and smart laundry. Whether the coverage is outdoor-to-indoor or indoor-to-indoor can be vary, and is discussed in our deployment scenarios paper [3].

Proposal 2: The study and TR include 3 representative use cases for the investigation of indoor deployment scenarios by Grouping A:

· rUC 1: indoor large service area with continuous coverage.

· rUC 2: indoor small service area with continuous coverage.
· rUC 3: indoor home or personal area.
3.2 Use cases in outdoor scenarios
In TR 22.840, there are 15 use cases requesting Ambient IoT service in outdoor scenarios, as listed in Table A-2 in the Appendix.
According to the service area size, all those use cases can be further divided into the following 3 groups.
· For the use cases in the first group of large area, Ambient IoT service is requested over large local area or wide area. In some use cases, hundreds or thousands of Ambient IoT devices can be widely dispersed in a local area from several ten thousand square meters to several square kilometers, such as environment monitoring in electrical substation and cow body temperature monitoring in smart dairy farm. In the use case of manhole cover monitoring and forest fire monitoring, wide area coverage is needed, 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 satisfying the required service availability can make the placement of Ambient IoT devices more flexible and convenient for various applications.

· For the use cases of non-public network for logistics and automated supply distribution in the second group of small area, Ambient IoT service is only required at some tollgates along roads. In this case, the Ambient IoT device may communicate with nearby basestation or independently deployed node (e.g., relay node or UE type node) at the tollgate.
· For the use case of elderly health care in the third group of personal area, some command will be sent to Ambient IoT device to indicate the operation of some personal equipment. The application can be satisfied by either personal area coverage from cell phone or wide area coverage from basestation in outdoor scenarios.
Proposal 3: The study and TR include 3 representative use cases for the investigation of outdoor deployment scenarios by Grouping A:
· rUC 4: outdoor large service area with continuous coverage.

· rUC 5: outdoor small service area, such as a tollgate.
· rUC 6: outdoor personal area.
4. Discussions on the mapping of SA1 use cases to the use case groups

In general, the purpose of use case grouping is to identify the key similarities and differences between the target use cases of Ambient IoT in terms of their implications for the RAN discussion. One abstract use case group should already represent characteristics related to RAN aspects. Thus, the detailed mapping of every SA1 use cases to each group is expected to provide little additional help for the discussion of the identified characteristics of deployment scenarios. Therefore, it would be unnecessary to attempt a detailed mapping of all the SA1 use cases in RAN.
Nonetheless, we understand that companies may wish to perform the mapping, at least to some extent. In that case, our understanding of the mapping according to the rUCs we proposed above is shown in the Appendix A, while the use case mapping corresponding to Group B is also provided in Appendix B for reference.
Proposal 4: There is no need to map all the SA1 use cases to the use case groups of each grouping.
Proposal 5: If the mapping is performed, it can be according to the tables shown in the Appendix.

5. Conclusions

The observations and proposals in this paper are summarized as follows.
Observation 1: Grouping A (indoor, outdoor, indoor/outdoor) is more suitable to define groups of representative use cases for the study of deployment scenarios.
Observation 2: Define representative use cases of Grouping A with considering the size of indoor or outdoor service area would be useful for the study of deployment scenario.
Observation 3: Approach 2 (Group first by A, and second by B) is expected to provide little help for the study of deployment scenarios.
Proposal 1: The study and TR incorporate Grouping A and Grouping B according to Approach 1 (include both separately).
Proposal 2: The study and TR include 3 representative use cases for the investigation of indoor deployment scenarios by Grouping A:

· rUC 1: indoor large service area with continuous coverage.

· rUC 2: indoor small service area with continuous coverage.
· rUC 3: indoor home or personal area.
Proposal 3: The study and TR include 3 representative use cases for the investigation of outdoor deployment scenarios by Grouping A:
· rUC 4: outdoor large service area with continuous coverage.

· rUC 5: outdoor small service area, such as a tollgate.
· rUC 6: outdoor personal area.
Proposal 4: There is no need to map all the SA1 use cases to the use case groups of each grouping.

Proposal 5: If the mapping is performed, it can be according to the tables shown in the Appendix.
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Appendix A: The proposed representative use cases and examples of use case mapping
Table A-1 Use case mapping for the representative use cases in indoor scenarios
	Representative use case
	Use case
	Service area dimension (m2)
	Service availability (%)
	Communication range (m)

	rUC1: Indoor large area
	Automated warehousing
	-
	99
	30

	
	Intralogistics in manufacturing
	600,000
	99
	<30

	
	Food supply chain
	30,000
	-
	-

	
	End-to-end logistics
	-
	-
	-

	
	Logistics in flower auction
	1,700,000
	99.99
	35

	
	Non-public network for Logistics
	-
	-
	-

	
	Automated supply distribution
	600,000
	99 for communication

90 for positioning
	-

	
	Smart agriculture
	500~70,000
	99.9
	30~100

	
	Pig barn
	6,000
	-
	250

	
	Medical instrument management
	-
	99
	50

	
	Location service
	-
	95
	-

	
	Electronic shelf label
	15,800
	99
	50

	rUC2: Indoor small area
	Cow monitoring in stable
	1,800
	99.9
	35

	
	BS machine room monitoring
	-
	99
	30

	rUC3:

Home or indoor personal area
	Positioning in shopping centre
	-
	99.9 for communication
 90 for positioning
	10

	
	Museum guide
	20,000
	99.9 for communication
 90 for positioning
	30

	
	Pressure powered switch
	-
	-
	-

	
	Smart homes
	-
	99.9
	10~30

	
	Smart laundry
	≤1000
	-
	-

	
	Remote lost item finding
	-
	99
	10

	
	Personal belongings finding
	200
	99 for communication
 90 for positioning
	10

	
	Ranging at home
	-
	95
	10

	
	Device activation / deactivation
	-
	-
	-

	
	Elderly Health Care
	<250
	-
	20


Table A-2 Use case mapping for the representative use cases in outdoor scenarios

	Representative use case
	Use case
	Service area dimension (km2)
	Service availability (%)
	Communication range (m)

	rUC4:

Outdoor large area
	Airport terminal/shipping port
	1~10
	99
	50

	
	Medical instrument management
	-
	99
	200

	
	Smart grids
	Several to 100,000
	99
	50~200

	
	Bridge health monitoring
	Whole bridge
	99
	300-500

	
	Smart dairy farm
	0.43
	-
	300-500

	
	Forest fire monitoring
	10,000-400,000
	99.9
	15-200

	
	Manhole cover monitoring
	City wide including rural areas
	99
	300-700

	
	Location service
	-
	95
	-

	
	Remote lost item finding
	-
	99
	100

	
	Personal belongings finding
	City wide including rural areas
	99 for communication
 90 for positioning
	100

	
	Device activation / deactivation
	-
	-
	-

	
	Controller in smart agriculture
	-
	99
	500

	rUC5: Outdoor small area e.g. tollgate
	Non-public network for Logistics
	-
	-
	-

	
	Automated supply distribution
	-
	99 for communication
 90 for positioning
	-

	rUC6: Outdoor personal area
	Elderly health care
	City wide including rural areas
	-
	200


Appendix B: Examples of use case mapping for Grouping B
Table B-1 Use case mapping for the representative use case of inventory and the corresponding KPIs
	Use case
	Message size (bit)
	Latency (s)
	Data rate (bps)
	Device density (/100m2)
	Reporting period
	Service area dimension (m2)
	Service availability (%)
	Communication range (m)
	Moving speed (km/h)
	Positioning accuracy (m)

	Automated warehousing
	96 / 128
	1
	<100 / 128
	-
	-
	-
	99
	30
	5-10
	2~3 @ 90%

	Intralogistics in manufacturing
	96
	>0.1
	<1000
	<150
	-
	600,000
	99
	<30
	-
	3 @ 90%

	Food supply chain
	<100
	>60
	<0.12
	150
	15 min
	30,000
	-
	-
	-
	-

	End-to-end logistics
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Logistics in flower auction
	96
	10
	5000
	<130
	-
	1,700,000
	99.99
	35
	-
	-

	Pig barn
	800
	10
	500
	85
	15-60 min
	6,000
	-
	250
	-
	-

	Smart laundry
	<800
	>10
	<100
	20
	5 min
	1-1,000
	-
	-
	-
	-

	Positioning in shopping centre
	96
	0.5
	<1000
	25
	-
	-
	99.9 for communication
90 for positioning
	10
	-
	3 @ 90%

	Museum guide 
	96
	2
	<1000
	1
	-
	20,000
	99.9 for communication
90 for positioning
	30
	3
	3 @ 90%

	Airport terminal/shipping port
	256
	>1
	-
	>0.01
	-
	1,000,000 ~ 10,000,000
	99
	50
	-
	-

	Medical instrument management
	176
	Hundreds ms level
	<2000
	≥0.1
	Hundreds ms level
	-
	99%
	50 for indoor, 200 for outdoor
	Static or 6
	-

	NPN for logistics
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Automated supply distribution
	<800
	>10
	<100
	150
	-
	600,000
	99 for communication
90 for positioning
	-
	-
	3 @ 90%

	Pressure powered switch
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-


Table B-2 Use case mapping for the representative use case of sensors and the corresponding KPIs
	Use case
	Message size (bit)
	Latency (s)
	Data rate (bps)
	Device density (/100m2)
	Reporting period
	Service area dimension (m2)
	Service availability (%)
	Communication range (m)
	Moving speed (km/h)
	Positioning accuracy (m)

	Cow stable
	500
	1
	<500
	<0.0001
	-
	1,800
	99.9
	35
	-
	-

	Pig barn
	<800
	>10
	<500
	85
	15-30 min
	6,000
	-
	250
	-
	-

	Smart agriculture
	<1,000
	>1
	<1,000
	100
	60 min
	500~70,000
	99.9
	30-100
	-
	-

	BS machine room monitoring
	-
	1
	<1,000
	-
	-
	-
	99
	30
	-
	-

	Smart home
	8~96
	20
	-
	-
	-
	-
	99.9
	10-30
	Stationary
	-

	Smart laundry
	<800
	10
	<100
	20
	5 min
	≤1000
	-
	-
	-
	-

	Smart grid
	<800
	1
	<1,000
	<1
	5-15 min
	Several to 100,000 km2
	99
	50-200
	-
	Several 10

	Bridge health monitoring
	<800
	10
	<1,000
	0.1
	15 min
	Whole bridge
	99
	300-500
	-
	-

	Smart dairy farm
	<800
	>1
	<500
	<0.52
	15 min
	430,000
	-
	300-500
	-
	-

	Forest fire monitoring
	-
	>10
	-
	0.01
	60 min
	10,000-400,000 km2
	99.9
	15-200
	-
	-

	Manhole cover monitoring
	<800
	10~30
	<1,000
	0.1
	15 min
	City wide including rural areas
	99
	300-700
	Stationary
	-


Table B-3 Use case mapping for the representative use case of positioning and the corresponding KPIs
	Use case
	Message size (bit)
	Latency (s)
	Data rate (bps)
	Device density (/100m2)
	Reporting period
	Service area dimension (m2)
	Service availability (%)
	Communication range (m)
	Moving speed (km/h)
	Positioning accuracy (m)

	Ranging at home
	-
	-
	-
	20
	500 ms
	-
	95
	10
	<3.6
	1 (10 degree)

	Location service
	-
	10
	-
	-
	-
	-
	95
	-
	5 for indoor, 20 for outdoor
	10 for horizonal, 3 for vertical

	Remote lost item finding
	256
	>5
	-
	<750
	-
	-
	99
	10 for indoor, 
100 for outdoor
	-
	-

	Personal belonging finding
	<1,000
	1
	<1,000
	5 for indoor,
10 for outdoor
	60 min
	200 for indoor, city wide for outdoor
	90 for positioning, 
99 for communication
	10 for indoor, 
100 for outdoor
	Static
	1~3


Table B-4 Use case mapping for the representative use case of command and the corresponding KPIs
	Use case
	Message size (bit)
	Latency (s)
	Data rate (bps)
	Device density (/100m2)
	Reporting period
	Service area dimension (m2)
	Service availability (%)
	Communication range (m)
	Moving speed (km/h)
	Positioning accuracy (m)

	Medical instrument management
	176
	Hundreds ms level
	<2000
	≥0.1
	Hundreds ms level
	-
	99
	50 for indoor, 
200 for outdoor
	Static or 6
	-

	Elderly health care
	<100
	1
	<1000
	Indoor: <20, 

Outdoor: <200
	-
	250 for indoor,

City wide for outdoor
	-
	20 for indoor, 
200 for outdoor
	Static
	-

	Device activation and deactivation
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Device permanent deactivation
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Controller in agriculture
	128
	Hundreds ms level
	-
	-
	-
	-
	99
	500
	Static
	-

	Electronic shelf label
	800
	1
	800
	-
	-
	15,800
	99
	50
	Stationary
	-


