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Discussion
This contribution provides an update of use case “Cooperative carrying of work pieces” in TR 22.832 “Study on enhancements for cyber-physical control applications in vertical domains” (FS_eCAV).
The update addresses several comments for clarification. Furthermore, the requirements have been studied further. Corresponding editor notes have been deleted.

There are two distinct use case variants, that require distinct sets of KPIs in the KPI table:

· carrying of rigid or fragile work pieces that require a very precise coordination between the collaborating mobile robots.

· carrying of more flexible or elastic work pieces that allow some tolerance in the coordianted movements of the collaborative mobile robots
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5.11
Cooperative carrying of work pieces

5.11.1
Description

In a smart factory, large or heavy work pieces will be carried from one place to another by multiple mobile robots or AGVs. These mobile robots / AGVs need to work together in order to carry the large or heavy work piece.

This cooperation is achieved with a cyber-physical control application that controls the drives and movements of the mobile robots / AGVs in a coordinated way, so that the large or heavy work piece is carried smoothly and safely from one place to another (see Figure 5.11.1-1).
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Figure 5.11.1-1: Mobile robots / AGVs carrying a large work piece cooperatively

The communication between the collaborating mobile robots / AGVs requires high communication service availability and ultra-low latency. The exchange of control commands and control feedback is done with periodic deterministic communication and using time-sensitive networking.

Usually, one of the mobile robots / AGVs takes on the role of the controller and controls the other collaborating mobile robots / AGVs. This requires 1:N communication between the controlling mobile robot / AGV and the other controlled mobile robots / AGVs. However, a distributed control of the collaborating mobile robots / AGVs is also possible. A distributed control requires N:N communication between all mobile robots / AGVs.

The mobile robots / AGVs are part of a 5G non-public network, either stand-alone or integrated, e.g. as a private slice.

5.11.2
Pre-conditions

The collaborating mobile robots / AGVs carrying the large or heavy work piece are communicating with direct 5G communication between each other (ProSe). The mobile robots / AGVs contain a 5G UE for the 5G communication with each other.

ProSe communication requires only one wireless link between any two mobile robots / AGVs (direct wireless communication) for user plane data exchange in contrast to the traditional wireless communication in the RAN with two wireless links between any two mobile robots / AGVs (UE1 – gNB/RAN – UE2).

The resource coordination for ProSe communication will be done by the gNB/RAN (ProSe).
These mobile robots / AGVs belong to the same working clock domain in order to achieve the necessary time synchronization between each other for the periodic deterministic communication with ultra-low latency for their cyber-physical control application (see Figure 5.11.2-1).
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Figure 5.11.2-1: ProSe communication setup for mobile robots/AGVs carrying a work piece

ProSe communication and the working clock domain containing the collaborating mobile robots / AGVs need to be initiated and setup when the mobile robots / AGVs gather around the large or heavy work piece.

5.11.3
Service Flows

The mobile robots / AGVs are carrying the large or heavy work piece together in a coordinated way. They exchange status information, control feedback, and control commands for their drives and movements with each other. This information is exchanged via layer 2 or layer 3 multicast communication from the source mobile robot / AGV to all the other collaborating mobile robots / AGVs. All collaborating mobile robots need to receive the control information at the same time (within the same transfer interval).
The mobile robots / AGVs carrying the large or heavy work piece are moving along the factory floor. They move out of the range of the current coordinating gNB(s) into the range of the adjacent gNB(s). The resource coordination for ProSe communication will be handed over between the gNBs (see Figure 5.11.3-1).
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Figure 5.11.3-1: Handover of resource coordination between gNBs

The collaborating mobile robots / AGVs carrying the large or heavy work piece may leave the range of the non-public 5G network of the factory, for instance, if the destination of the work piece is the far end of a large open-air storage yard. A PLMN is available in this location. The PLMN takes over the resource coordination of the ProSe communication of the mobile robots / AGVs (see Figure 5.11.3-2).
The collaborating robots that carry a large workpiece may need to coordinate their movements with other mobile machinery, such as other mobile robots and AGVs. This communication for the coordination with the other mobile machinery is over the gNB / RAN. 
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Figure 5.11.3-2: Service continuity of resource coordination between NPN and PLMN

5.11.4
Post-conditions

ProSe communication (resources) between the collaborating mobile robots / AGVs and the working clock domain containing the collaborating mobile robots / AGVs can be released after the work piece has been put down at the destination.
5.11.5
Existing features partly or fully covering the use case functionality

URLLC, periodic-deterministic communication, and direct wireless communication (ProSe) on their own are existing features. They are at least partly covering the use case functionality if they are considered separately. V2X sidelink further enhances ProSe communication in the required direction. However, the combination of URLLC, periodic-deterministic communication, and direct wireless communication (ProSe) creates potential new requirements (see 5.11.6). 

5.11.6
Potential New Requirements needed to support the use case

Editor’s note: The requirements on KPIs in clause 5.11.6 and in Table 5.11.6-1 are for further study. Especially, they need to be evaluated with respect to being realistic requirements when combined with D2D / ProSe communication.
[PR-5.11.6-001]
The 5G system shall be able to support direct wireless communication (ProSe) between a group of UEs for communication with service performance requirements in Table 5.11.6-1. 

[PR-5.11.6-002]
The 5G system shall be able to support the restriction of ProSe communication to a set of authorized UEs.

[PR-5.11.6-003]
The 5G system shall be able to support time synchronization (working clock domain) between the UEs of the group of UEs connected by ProSe communication.

[PR-5.11.6-004]
The 5G system shall be able to support periodic deterministic communication (both unicast and multicast) with KPIs given in Table 5.11.6-1 between the UEs of the group of UEs connected by ProSe communication. 

[PR-5.11.6-005]
The 5G system shall be able to support multicast communication between the UEs of the group of UEs connected by ProSe communication.

[PR-5.11.6-006]
The 5G system shall be able to support mobility of the group of UEs connected by ProSe communication with KPIs given in Table 5.11.6-1 within the 5G network.

[PR-5.11.6-007]
The 5G system shall be able to support service continuity of the group of UEs using ProSe communication with KPIs given in Table 5.11.6-1 between a non-public network and a PLMN (subject to agreement between the operators and service providers and operator policies).

[PR-5.11.6-008]
The 5G system shall be able to support changing between ProSe communication and non-assisted ProSe communication (without coordination by gNB) if the group of UEs using ProSe communication with KPIs given in Table 5.11.6-1 gets in/out of range of the 5G network.

[PR-5.11.6-009]
The 5G system shall be able to support relaying of ProSe communication with KPIs given in Table 5.11.6-1 between UEs out of transmission range by one intermediate UE.

[PR-5.11.6-010]
The 5G system shall be able to support ProSe communication (both unicast and multicast) with KPIs given in Table 5.11.6-1 between UEs up to 50 m distance.
Table 5.11.6-1: KPIs for ProSe communication for cyber-physical control applications

	Use case 
	Characteristic parameter
	
	
	Influence quantity

	5.11 – Cooperative carrying of work pieces
	Communication service availability: target value in %
	Communication service reliability: Mean Time Between Failure
	End-to-end latency: maximum
	Bit rate 
	Direction
	Message Size [byte]
	Transfer interval [ms]
	Survival time

[ms]
	UE speed [km/h]
	# of UEs

connection
	Service Area

[m³]

(note)

	Cooperative carrying – fragile work pieces
	99,9999 % to 99,999999 %
	~ 10 years
	
	
	UE-UE (ProSe communication)
	250
500 with localisation information
	
	
	
	4-8
	10 x 10 x 5;

50 x 5 x 5

	Cooperative carrying – elastic work pieces
	99,9999 % to 99,999999 %
	~ 10 years
	
	
	UE-UE (ProSe communication)
	250

500 with localisation information
	
	
	
	4-8
	10 x 10 x 5;

50 x 5 x 5

	

NOTE:
Service Area for direct communication. The group of UEs with direct communication might move throughout the whole factory site (up to several km²)


Editor’s note: KPIs in Table 5.11.6-1 are for further study.
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