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Abstract: This contribution provides positioning service requirements for sub-clauses 5.3.6, 5.3.10, 5.3.13, 5.3.15, 5.3.18 as well as 8.x of TR 22.804.

Discussion
The introduction of TR 22.804 states that "Communication for automation in vertical domains comes with demanding requirements―high availability, high reliability, low latency, and, in some cases, high-accuracy positioning".

Reviewing the current version of TR 22.804 one can find positioning requirements only under the use case of "Mobile Control Panels with Safety Functions". These requirements are:

The 5G system shall support an indoor localisation service with at least the following parameters:

Accuracy better than 1 m

Heading < 30 degrees

High accuracy positioning information allows an increase in efficiency as well as an optimized quality assurance in the “factories of the future”. Based on the indoor infrastructure there can be a coexistence of different positioning zones that can provide relative or absolute positioning. 
It is proposed to add positioning requirements to some of the “factories of the future” use cases of TR 22.804 and it particular to 

· 5.3.6 Mobile control panels with safety functions 

· 5.3.10 Augmented Reality
· 5.3.13 Process Automation – plant asset management
· 5.3.15 Inbound logistic for manufacturing
· 5.3.18 Flexible, modular assembly area
In addition this contribution provides input for clause 8.1 summarising the positioning performance requirements of 22.804.
Proposal

------------------------- START OF PROPOSED CHANGES ----------------------------

Start of Change 1

5.3.6.6
Potential requirements

	Reference number
	Requirement text
	Application / transport
	Comment

	Factories of the Future 6.1
	The 5G system shall support a bidirectional, cyclic data communication service characterised by at least the following parameters (e.g., for assembly robots or milling machines):

Cycle time of Tcycle = 4 to8 ms 

Jitter < 50% of cycle time

Data packet size 40 to250 byte

Typical work space: 10 m x 10 m 

Parallel active safety services: max. 4 in a workspace
	T
	

	Factories of the Future 6.2
	The 5G system shall support a non-cyclic bi-directional data communication service in parallel to the cyclic data transmission service with at least the following parameters:

User experienced data rate > 5 Mbit/s

Target end-to-end latency < 30 ms

Jitter < 50% of latency
	T
	

	Factories of the Future 6.3
	The 5G system shall support seamless handovers between two base stations without any observable impact on the (safety) application.
	T
	

	Factories of the Future 6.4
	The 5G system shall support a cyclic data communication service charaterised by at least the following parameters (e.g., for mobile cranes, mobile concrete pumps, fixed portal cranes, etc.):

Cycle time of  Tcycle = 12 ms 

Jitter < 50% of cycle time

Data packet size 40 to 250 byte

Typical work space: 40 m x 60 m

Max. workspace:  200 m x 300 m

Parallel active safety services:  2 in a workspace
	T
	

	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, 99.9999% ideally even 99.999999% availability, heading < 30 degrees 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 Change 1
------------------------- Start of Change 2 ----------------------------

5.3.10.6
Potential requirements

	Reference number
	Requirement text
	Application / transport
	Comment

	Factories of the Future 10.1
	The 5G system shall support the bi-directional transmission of video streams with a frame rate ≥ 60 Hz, HD (1280 x 720) or Full HD (1920 x 1080) resolution 
	T
	

	Factories of the Future 10.2
	The end-to-end latency between capturing a new image and displaying The end-to-end latency between capturing a new image and displaying the augmented image based on the newly captured image shall be smaller than 50 ms, in order to avoid cyber-sickness. The one-way end-to-end latency of the 5G system shall be 10 ms or less.
	A
	

	Factories of the Future 10.3
	The communication service availability shall be higher than 99,9% with respect to successfully delivered video frames. That means 99,9% of all video frames shall be successfully delivered within the given latency constraints.
	A
	

	Factories of the Future 10.4
	The 5G system shall support seamless mobility in such a way that a handover from one base station to another one does not have any observable impact on the application.
	T
	

	Factories of the Future 10.5
	The 5G system shall support the simultaneous usage of at least 3 AR devices per base station. 
	T
	

	Factories of the Future 10.6
	The (bi-directional) video stream between the AR device and the image processing server shall be encrypted and authenticated by the 5G system.
	T
	

	Factories of the future 10.7
	The 5G system shall support offloading of complex (video) tasks from the UE to allow the AR equipped UEs’ to minimise complexity and power consumption.
	
	

	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 Change 2 ----------------------------

Start of Change 3
5.3.13.6
Potential requirements

	Reference 
number
	Requirement text
	Application / transport
	Comment

	Factories of the Future 13.1
	The 5G system shall support a communication service availability of about 99.99% with a data transmission in intervals in the order of several seconds. 
	T
	

	Factories of the Future 13.2
	The 5G system shall support a very high user equipment density with up to 10 000 UEs per km².
	T
	

	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 and 90% availability.
	
	


End of Change 3
Start of Change 4
5.3.15.6
Potential requirements

	Reference number
	Requirement text
	Application / transport
	Comment

	Factories of the Future 15.1
	The 5G system shall support unique identifiers for private networks.

See note 1
	T
	

	Factories of the Future 15.2
	A UE shall be able to detect the identity of a private network before attempting to attach.
	T
	

	Factories of the Future15.3
	A UE shall be required to have a subscription for each particular private network from which it can receive communication services.
	
	

	Factories of the Future15.4
	The 5G system shall support devices that can access independently both public 5G network and private 5G network, potentially at the same time.
	A
	

	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% ideally even 99.9999% availability, latency of 1ms 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, for a moving UE at the speed up to 30 km/h.

	
	

	Note 1: Identification of a private network needs to be possible, even for a potentially very large number of private 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 Change 4
Start of Change 5
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.

	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 1s for positioning estimation of a moving UE at a speed up to 30 km/h indoor.
	
	

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


End of Change 5
Start of Change 6
8.x Positioning Service Performance Requirements
	Position service level 
	Horizontal accuracy 
	Availability
	Heading 
	Latency for position estimation of UE
	UE Mobility 
	Use case reference

	1
	< 1 m
	99.9999%, ideally even 99.999999% 
	< 30 degrees
	< 1 s
	N/A
	Factories of the Future 6.5

	2
	< 5 m 
	90%
	N/A
	< 5 s
	N/A
	Factories of the Futur6 6.7

	3
	< 1m
	99%
	< 10 degrees
	< 15 ms
	< 10 Km/h
	Factories of the future 10.8

	4
	< 1 m
	90%
	N/A
	N/A
	N/A
	Factories of the Future 13.3

	5
	< 30 cm ((if supported by further sensors like camera, GNSS, IMU)) 
	99.9%, ideally even 99.9999%
	N/A
	1 ms
	< 30 Km/h
	Factories of the Future15.5

	6
	< 20 cm
	99%
	N/A
	N/A
	< 30 Km/h
	Factories of the Future15.6

	7
	< 50 cm
	99%
	N/A
	1 s
	< 30 Km/h
	Factories of the Future18.19

	8
	< 1m (relative positioning)
	99%
	N/A
	1 s
	< 30Km/h
	Factories of the Future18.20


End of Change 6
--------------------------------------- END OF PROPOSED CHANGES ---------------------------------------
