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*********************** the 1st Change ***************************

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
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3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
… …

[65]



http://www.humanesociety.org/issues/poaching/ 

[x1]
Reliable Low Latency Wireless Communication Enabling Industrial Mobile Control and Safety Applications, Vodafone Chair Mobile Communications Systems, Technische Universität Dresden. https://arxiv.org/pdf/1804.07553.pdf
[x2]
Network-based communication for Industrie 4.0; Federal Ministry for Economic Affairs and Energy (BMWi) 
https://www.plattform-i40.de/I40/Redaktion/EN/Downloads/Publikation/network-based-communication-for-i40.pdf?__blob=publicationFile&v=6
[x3]
2015 International Conference on Indoor Positioning and Indoor Navigation (IPIN), 13-16 October 2015, Banff, Alberta, Canada, Sensor Fusion for Indoor Navigation and Tracking of Automated Guided Vehicles, Risang Gatot Yudanto, Frederik Petré
https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=7346941
[x4]
2018 International Conference on Indoor Positioning and Indoor Navigation (IPIN), 24-27 September 2018, Nantes, France, Location Awareness and Context Detection for hand-held Tools in Production Processes, Fraunhofer IIS, Paper is expected to be published via IEEE Digital Xplore in October 2018
******************** End of the 1st Change ***********************

*********************** the 2nd Change ***************************

5.3.6
Mobile control panels with safety functions

5.3.6.1
Description

… …

The cycle times for the safety traffic always depend on the process/machinery/equipment whose safety has to be ensured. For a fast-moving robot, for example, the cycle times are lower than for a slowly moving linear actuator. 
Some of positioning related service requirements for this use case can be found in [x1].
In general, this use case has very stringent requirements in terms of latency and service availability. The required service area is usually bigger than for "motion control" (see Clause 5.3.2), and interaction with the public network (e.g., service continuity, roaming) is not required.
… …

5.3.6.6
Potential requirements

	Reference number
	Requirement text
	Application / transport
	Comment

	… …

	Factories of the Future 6.5
	The 5G system shall support an indoor positioning service within factory danger zones with horizontal positioning accuracy better than 1 m, 99.9% availability, heading < 0,52 rad and latency for positioning estimation of UE < 1 s.
	T
	

	Factories of the Future 6.6
	The 5G system shall support a communication service availability exceeding at least 99,9999%, ideally even 99,999999%.
	T
	

	Factories of the Future 6.7
	The 5G system shall support an indoor positioning service for the rest of the factory hall with horizontal positioning accuracy better than 5 m, 90% availability and latency for positioning estimation of UE < 5 s.
	
	


******************** End of the 2nd Change ***********************

*********************** the 3rd Change ***************************

5.3.10
Augmented reality

5.3.10.1
Description

… …
Here, the AR tracking algorithm determines the current viewpoint of the AR device and places the desired augmentations at the right positions in the current image. One of the main challenges with such a setup is that the displayed augmentations have to timely follow any movements of the camera in the AR device (which may be caused by any movements of the person wearing the AR device) since otherwise the AR user may get sick after some time and a reasonable usage would not be possible. Therefore, also a compression of the video stream from the AR device to the image processing server and back should be avoided if possible in order to reduce the overall processing latency and requirements. 
Some of positioning related service requirements for this use case can be found in [x1] [x2].
This use case has very stringent requirements in terms of latency and service availability. The required service area is usually bigger than for "motion control" (see Clause 5.3.2). Interaction with the public network (e.g., service continuity, roaming) is not required. 
… …

5.3.10.6
Potential requirements

	Reference number
	Requirement text
	Application / transport
	Comment

	… …

	Factories of the future 10.8
	The 5G system shall support an indoor positioning service with horizontal positioning accuracy better than 1 m, 99% availability, heading < 10 degrees and latency for positioning estimation < 15 ms for a moving UE with speed up to 10 km/h.
	
	


******************** End of the 3rd Change ***********************

*********************** the 4th Change ***************************

5.3.13
Process automation – plant asset management

5.3.13.1
Description

To keep a plant running, it is essential that the assets, such as pumps, valves, heaters, instruments, etc., are maintained. Timely recognition of any degradation and continuous self-diagnosis of components are used to support and plan maintenance. Remote software updates enhance and adapt the components to changing conditions and advances in technology. 
The positioning requirements for this use case are mianly based on the typical scenarios where IoT devices (e.g., sensors) are giving insight into process or environmental conditions or inventory of material, asset management or maintenance.
The operation for this use case can be in a wide service area, and interaction with the public network (e.g., service continuity, roaming) may be required.
… …

5.3.13.6
Potential requirements

	Reference 
number
	Requirement text
	Application / transport
	Comment

	… …

	Factories of the Future 13.3
	The 5G system shall support an indoor positioning service of assets in production environment with horizontal positioning accuracy better than 1 m, 90% availability, latency of less than 2 s for positioning estimation for a moving UE at the speed up to 30 km/h.
	
	


******************** End of the 4th Change ***********************

*********************** the 5th Change ***************************

5.3.15
Inbound logistics for manufacturing

5.3.15.1
Description

In this example, a supply-chain company moves products between multiple different independent manufacturing, distribution, and retail centres. The container traverses the networks of various port operators, liner ships, trucking companies, and warehouses. The heavy good vehicles (HGVs) operated by the supply-chain company are wirelessly connected to the PLMN to enable real time tracking and telematics. In these cases, the use case often changes when the actor is in range of one or another network. What these use cases have in common is that the actor needs to be able to connect to the correct network at any given time to operate correctly. The pallets carrying the materials for delivery have also been connected via 5G UEs or IoT devices for tracking and inventory control purposes.
Some of positioning related service requirements for this use case can be found in [x3].
This use case describes the scenario where a HGV arrives at the receiving area of a factory and delivers a pallet of materials which is subsequently incorporated into the local factory inventory management system in an automated manner.

… …
5.3.15.6
Potential requirements

	Reference number
	Requirement text
	Application / transport
	Comment

	… …

	Factories of the Future15.5
	The 5G system shall support an indoor positioning service for driving trajectories (if supported by further sensors like camera, GNSS, IMU) of autonomous driving systems with horizontal positioning accuracy better than 30 cm, 99.9% availability, latency of 10 ms for positioning estimation of a moving UE at the speed up to 30 km/h.
	
	

	Factories of the Future15.6
	The 5G system shall support an indoor positioning service for storage of goods with horizontal positioning accuracy better than 20 cm, 99% availability, latency of less than 1 s for positioning estimation of a moving UE at the speed up to 30 km/h.
	
	

	Note 1: Identification of a type-b network needs to be possible, even for a potentially very large number of type-b networks that are needed for numerous enterprises. This might require identification schemes that extend or replace current network identification based on PLMN IDs.


******************** End of the 5th Change ***********************

*********************** the 6th Change ***************************

5.3.18.6.4
Positioning requirements in flexible production scenarios
Modular production environments are adaptable to variants of production orders. Modular assembly stations can be added or moved inside the production area. Mobile assets include e.g.: AGV, moveable assembly platforms, portable assembly tools (like screwdriver) and material. Some of positioning related service requirements for this use case can be found in [x4].
	Reference number
	Requirement text
	Application / transport
	Comment

	Factories of the Future18.19
	The 5G system shall support an indoor positioning service of autonomous vehicles (only for monitoring proposes) with horizontal positioning accuracy better than 50 cm, 99% availability, latency of 1 s for positioning estimation of a moving UE at a speed up to 30 km/h .
	
	

	Factories of the Future18.20
	The 5G system shall support an indoor positioning service for tracking of tools at the work-place location with horizontal positioning accuracy better than 1 m (relative positioning), 99% availability and latency of 1 s for positioning estimation of a moving UE at a speed up to 30 km/h.
	
	


******************** End of the 6th Change ***********************

*********************** the 7th Change ***************************

8.1.7
Positioning Service Performance Requirements
	Scenario 
	Horizontal accuracy 
	Availability
	Heading 
	Latency for position estimation of UE
	UE Mobility 
	Use case reference

	Mobile control panels with safety functions in smart factories (within factory danger zones)
	< 1 m
	99.9% 
	< 0,54 rad
	< 1 s
	N/A
	Factories of the Future 6.5

	Mobile control panels with safety functions ( non-danger zones
	< 5 m 
	90%-
	N/A
	< 5 s-
	N/A
	Factories of the Futur6 6.7

	Augmented reality in smart factories
	< 1 m
	99%
	< 0,17 rad 
	< 15 ms
	< 10 km/h
	Factories of the future 10.8

	Process automation – plant asset management
	< 1 m
	90%
	N/A
	< 2 s
	< 30 km/h
	Factories of the Future 13.3

	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
	Factories of the Future15.5

	Inbound logistics for manufacturing (for storage of goods)
	< 20 cm
	99%
	N/A
	< 1 s
	< 30 km/h
	Factories of the Future15.6

	Flexible, modular assembly area in smart factories (for autonomous vehicles (only for monitoring proposes))
	< 50 cm
	99%
	N/A
	1 s
	< 30 km/h
	Factories of the Future18.19

	Flexible, modular assembly area in smart factories (for tracking of tools at the work-place location)
	< 1m (relative positioning)
	99%
	N/A
	1 s
	< 30km/h
	Factories of the Future18.20


******************** End of the 7th Change ***********************


