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Abstract: This paper proposes to add vertical positioning to existing use cases in TS 22.104. 
Discussion
The tracking of mobile devices as well as mobile assets is becoming increasingly important for improving processes and increasing flexibility in industrial and any other environments [1]. 
Rel-16 positioning requirements are included and grouped into seven service levels in TS 22.261 [2] to cover all positioning use cases between 10 m and 0,2 m accuracy. The overall table in TS 22.261 [2] includes horizontal as well as vertical accuracy, availability, latency, velocity and coverage. 
Positioning requirements specific to industrial environments have been captures in TS 22.104 (chapter 5.7) [3]. Those requirements although they address horizontal accuracy, availability, latency, velocity and coverage, they don’t not address vertical positioning.
Table on positioning performance requirements (TS 22.104, Table 5.7-1)
	Scenario
	Horizontal accuracy
	Availability
	Heading
	Latency for position estimation of UE
	UE Speed
	Corresponding Positioning Service Level in TS 22.261

	Mobile control panels with safety functions (non-danger zones)
	< 5 m 
	90 %
	N/A
	< 5 s
	N/A
	Service Level 2

	Process automation – plant asset management
	< 1 m
	90 %
	N/A
	< 2 s
	< 30 km/h
	Service Level 3

	Flexible, modular assembly area in smart factories (for tracking of tools at the work-place location)
	< 1 m (relative positioning)
	99 %
	N/A
	1 s
	< 30 km/h
	Service Level 3

	Augmented reality in smart factories
	< 1 m
	99 %
	< 0,17 rad 
	< 15 ms
	< 10 km/h
	Service Level 4

	Mobile control panels with safety functions in smart factories (within factory danger zones)
	< 1 m
	99,9 % 
	< 0,54 rad
	< 1 s
	N/A
	Service Level 4

	Flexible, modular assembly area in smart factories (for autonomous vehicles, only for monitoring proposes)
	< 50 cm
	99 %
	N/A
	1 s
	< 30 km/h
	Service Level 5

	Inbound logistics for manufacturing (for driving trajectories (if supported by further sensors like camera, GNSS, IMU) of autonomous driving systems))
	< 30 cm (if supported by further sensors like camera, GNSS, IMU) 
	99,9 %
	N/A
	10 ms
	< 30 km/h
	Service Level 6

	Inbound logistics for manufacturing (for storage of goods)
	< 20 cm
	99 %
	N/A
	< 1 s
	< 30 km/h
	Service Level 7


This contribution proposes to add vertical positioning requirements for use case in TS22.104.
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Proposed Changes

Add of vertical positioning requirements to the existing positioning use case in TS 22.104. 

START OF PROPOSED CHANGES



 Start of Change 1 


x.1
Providing vertical positioning for industrial use cases
x.1.1
Description

The tracking and positioning of mobile devices as well as mobile assets is an increasingly important point for the improvement of processes and for enhancing flexibility in industrial environments. For serval positioning use cases included in TS 22.104 vertical positioning information is essential.
X.1.2
Pre-condition

Following industrial use cases included in TS 22.104 have an additional need for vertical positioning to allow floor identification:
Mobile Control Panels (non-danger zone/within danger zone): Mobile Control Panels need indoor vertical positioning at least of 3 meter accuracy to allow floor identification within a multi-storey factory building.

Process automation (plant asset management): IoT devices need indoor vertical positioning at least of 3 meter accuracy to allow floor identification within a multi-storey factory building.

Augmented reality in smart factories: AR applications need vertical positioning at least of 3 meter accuracy to allow floor identification within multi-storey factory buildings.

Flexible, modular assembly area in smart factories (for autonomous vehicles, only for monitoring proposes): AGVs need indoor vertical positioning at least of 3 meter accuracy to allow floor identification within a multi-storey factory building.

Inbound logistics for manufacturing (for driving trajectories (if supported by further sensors like camera, GNSS, IMU) of indoor autonomous driving systems): AGVs need vertical positioning at least of 3 meter accuracy to allow floor identification within a multi-storey factory building.
Following industrial use case included in TS 22.104 has an additional need for vertical positioning to allow shelf identification:
Inbound logistics for manufacturing (for storage of goods): The storage of goods needs indoor vertical positioning at least of 0,2 meter accuracy to allow shelf identification within a high rack or within a mobile shelfing system.
X.1.3
Service Flows 
Detailed description can be found in TS 22.104.
X.1.4
Post-conditions 

Factory operators have real time indoor vertical position information e.g. about mobile assets and goods to create a digital twin of the factory.

x.1.5
Potential Requirements

The 5G system shall support an indoor vertical positioning service for mobile control panels with vertical positioning accuracy better than 3 meter.

The 5G system shall support an indoor vertical positioning service for plant asset management with vertical positioning accuracy better than 3 meter.

The 5G system shall support an indoor vertical positioning service for augmented reality with vertical positioning accuracy better than 3 meter.
The 5G system shall support an indoor vertical positioning service for autonomous vehicles/autonomous driving systems with vertical positioning accuracy better than 3 meter.

The 5G system shall support an indoor vertical positioning service for the storage of goods with vertical positioning accuracy better than 0.2 meter.

 End of Change 1 
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