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Abstract: This contribution describes what beckons after assembly style production: flexible, modular assembly areas.
Proposal

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

------------------------- Start of Change 1 ----------------------------
5.3.x
Flexible, modular assembly area 

5.3.x.1
Description

In the Factories of the Future, static sequential production systems will increasingly be replaced by novel modular production systems offering high production flexibility and versatility. This concept encompasses a large number of increasingly mobile production assets, for which powerful wireless communication and localisation services are required. 
NOTE: The communication streams in this use case will usually have to coexist with those for other applications, e.g. massive wireless sensor networks (Subclause 5.38) and/or remote access and maintenance (Subclause 5.3.9).

5.3.x.2
Preconditions

Life cycle chain status: A modular production environment adaptable to the different variants of orders is up and running. Modular assembly stations can be added or moved inside the production area. 

Communication infrastructure: A private, local network inside the manufacturing hall is installed, and the deployment is adapted to the flexible production layout. The local, private network is realised by a 5G system.
Mobile assets that are in a ready state, i.e. they are ready for factory production:

· Lift and lowering AGV (moveable assembly platforms); 

· Convey and lift AGV;
· Mobile robots with video support for unstructured goods in stock;
· Root trains;
· Workers assistance support by aid of video up and download;
· Portable assembly tools (power screwdriver, riveting tools, staple gun …); 

· Portal cranes. 

5. 3.x.3
Service flows

Communication flows in the assembly area:  
· Vertical: ERP – MES (order and resource management);
· Vertical (MES): centralised orchestration of assets,  material and quality status;
· MES (decentralised production):  in many cases, communication will be initiated by the assembled part itself. In this document this unit is called MPSC (manufactured product as a smart client). This MPSC is often moved by an AGV. Associated communication patterns 

· MPSC – MES;
· MPSC – asset, worker (e.g. request for processing);
· Asset – MES (e.g. status);
· Asset – asset (e.g. collaborating robots);
· Asset – material (e.g. Ident, localization);
· Worker – MES (e.g. request for assistance);
· Worker – asset (e.g. request for localization);
· Worker – material (e.g. Ident, localization).
· ERP, MES and MPSC communication: 

· Status information exchange between the MPSC, MES and ERP;
· MES or MPSC resource request for mobile assets, workers, and tools (identification, localisation, status, commands);
· Material request based on order management: mobile robots, AGVs, and root trains are instructed to bring parts and material to the assembly station just in time. Sending of status information;
· At an assembly station: 

· Workers get the task of assembling parts according instructions with real-time video assistance;
· Mobile robots get the task to assemble parts according to instructions from the MES or MPSC. Particular collaboration with a second robot or workers is requested;
· Data are reported: during and after the assembly process; status and quality information—combined with position info—are contributed.
5. 3.x.4
Post-conditions

The MPSC is moved to the next process step & assembly station by an AGV. 

5. 3.x.5
Challenges to the 5G system

· Ultra-reliable wireless communication of a variety communication services adhering to negotiated and guaranteed QoS parameters. 

· Communication bursts when several parallel actions occur (e.g. parallel actions supported by real-time video assistance).

· High density of mobile assets. 

· Changing the 5G network configuration in the production when the layout of the assembly area is changed. The 5G network configuration change is carried out by the production staff, supported by self optimizing algorithm. In some cases this only involves the UEs. In other cases, base stations might have to be relocated or more base stations would have to be added to the 5G network.
· 5G network maintenance and assurance:

· Monitoring the production environment and processes related to communication; detect potential communication bottlenecks in the production area. 

· The diagnosis of network error, faults, underperformance, etc. contains recommendations for what to do for fulfilling the requested QoS. 

5. 3.x.6
Potential requirements

Editor's note: FFS
------------------------- End of Change 1 ----------------------------
------------------------- Start of Change 2 ----------------------------
3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

AGV
Automated Guided Vehicle

AR
Augmented Reality

CAN
Controller Area Network

C2C
Control-to-Control 

ERP
Enterprise Resource Planning

HD
High definition

GoA
Grade of Automation

QoS
Quality of Service

HMI
Human-Machine Interface

µDC

Micro Data Center 

MEC

Multi-Access Edge Computing

MES
Manufacturing Execution System

ML

Machine Learning
MPSC
Manufactured Product as a Smart Client
NRT
Non-Real-Time 

PCM

Pulse Code Modulation

PLC

Programmable Logic Controller

OT
Operational Technology

RT

Real-Time 

VR
Virtual Reality

WSN

Wireless Sensor Network

------------------------- End of Change 2 ----------------------------
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