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Discussion
TSN anticipates three configuration models for time sensitive traffic:
· Fully centralized model

· Hybrid model

· Fully distributed model.

The proposed changes to TR 22.832 “Study on enhancements for cyber-physical control applications in vertical domains” (FS_eCAV) describe a class of use cases with the need to support the flexibility of the manufacturing processes and the dynamics in a smart factory (Industry 4.0). Through stream reservation, the fully distributed model provides an abstract interface to end systems to support these use cases. It also provides the necessary scalability by the capability to distribute the configuration task and includes built-in resource protection and diagnostics.
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3.2
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].

ACSI
Application Communication Service Interface

AGV
automated guided vehicle

AR
Application Relation

CR
Communication Relation

Dsp 
Descriptive Parameters

gPTP
generalized precision time protocol
LRP
Link-local Registration Protocol
MSRP
Multiple Stream Registration Protocol

PTP
precision time protocol

QoSp
QoS Parameters

RAP
Resource Allocation Protocol
Scp
Security Parameters

Sfp
Safety Parameters

TSN
time-sensitive networking
UNI
User Network Interface
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5.x
Flexible manufacturing with modular production systems and mobility
5.x.1
Description

In smart manufacturing / Industry 4.0 and 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. The concept of modular production systems encompasses a large number of increasingly mobile production assets, for which powerful wireless communication and localisation services are required.
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Figure 5.x.1-1: Flexible modular production – zones of different dynamics
Zones A in Figure 5.x.1-1 have a high dynamic with respect to production processes and required communication resources (dynamic configuration of communication services, dynamic QoS, etc.). Zones A include areas of flexible production and logistics. 
Flexible production does not have any pre-planned production processes. The production machinery is mobile, for instance, mobile collaborative robots. The production machinery and the associated communication will be configured for each production task dynamically. This configuration can be done by the production system or even in a collaborative self-organizing way by the (mobile) production machines and robots themselves as equal partners. Note, the production tasks are not known in advance, and the configuration for a production task does only happen when the production task is scheduled. 
Logistics in flexible modular production are highly mobile and dynamic applications and machines for transporting material, tools, and products within the factory. They will replace static sequential transportation systems. Logistics make use of controlled and autonomous AGVs and mobile robots for collaborative carrying. Paths of AGVs may be pre-planned or may react to changes in the environment autonomously. A higher flexibility in the production processes leads to higher dynamics in logistics.
To support Zone A applications, a standardized User/Network Interface (UNI) between the end stations and the network to configure realtime communications on demand is required. The Multiple Stream Registration Protocol MSRP which is specified in subclause 35.1 of IEEE 802.1Q [x1] provides this functionality. It performs registrations and reservations of realtime communication and includes resource protection and diagnostics. In case of inactivity or failure of devices, reservations are terminated and resources are released. 

MSRP was developed as part of the Audio-Video-Bridging (AVB) activities to support plug&play. The IEEE 802 standardization projects P802.1CS Link-local Registration Protocol [x2] and P802.1Qdd Resource Allocation Protocol [x3] will further enhance stream reservation capabilities to fulfill industrial requirements.

Zones B have lower dynamics of production actions. These are easier to plan in advance. Zones B contain tools, machines, robots and robot arms, video applications etc. that perform a predefined task and therefore are rather static. Typically, there are master devices which strictly control their slave devices. To a limited degree, Zone B devices can adopt their capabilities e.g. through tool changing in a pre-engineered manner. A major reconfiguration of the production cells is necessary only a few times a year. Therefor fully centralized configuration as described in IEEE 802.1Qcc is an option to configure realtime communication in Zone B.
5.x.2
Pre-conditions

A factory with a flexible modular production with a high degree of mobility has been set up and is operational. The factory equipment contains AGVs for logistics, flexible production with mobile collaborative robots, and modular production cells (see Figure 5.x.1-1).

5.x.3
Service Flows

Several machines (AGVs, mobile robots, modular production cells) are assigned to a new production task, that has just arrived at the factory. The involved machinery sets up the necessary communication in the 5G and industrial data network in a self-organized way. Furthermore, the mobility requires dynamic reconfiguration of the communication services during the production process.

The dynamic configuration of the realtime communication services is initiated through a standardized User/Network Interface (UNI) between the end systems and the network. Distributed stream reservation is used to configure realtime communication on demand. The Multiple Stream Registration Protocol MSRP [x1] and – in future – the Resource Allocation Protocol RAP [x3] are used to establish realtime communication.
5.x.4
Post-conditions

The mobile and modular production assets (AGVs, mobile collaborative robots, modular production cells) work on the production task assigned to them. The necessary communication services including realtime communication for closed-loop applications has been dynamically setup (and will be dynamically terminated after the production task is finished).
5.x.5
Existing features partly or fully covering the use case functionality

The fully centralized model is contained in 5G Rel.16, see TS 23.501.
5.x.6
Potential New Requirements needed to support the use case

[PR-5.x.6-001]
The 5G system shall support the fully distributed model for configuration of time-sensitive networking.

[PR-5.x.6-002]
The 5G system shall support the fully distributed model for configuration of time-sensitive networking that is aligned with Multiple Stream Registration Protocol (MSRP, IEEE 802.1Q [x1]), IEEE P802.1CS Link-local Registration Protocol (LRP) [x2], and IEEE P802.1Qdd Resource Allocation Protocol (RAP) [x3].
[PR-5.x.6-003]
The 5G system shall support the user-network / network-network interface for the dynamic configuration of the fully distributed model for time-sensitive networking.
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6.1
Industrial Ethernet integration

This clause contains merged and consolidated potential service requirements related to Industrial Ethernet integration, which includes time synchronization, different time domains, integration scenarios, and support for time-sensitive networking (TSN).

[PR-22832-6.1-00d]
The 5G system shall be able to support the handling of multiple working clock domains on a UE.

[PR-22832-6.1-00e]
The 5G system shall be able to support clock synchronization through the 5G network if the sync master and the sync devices are in non-3GPP TSN networks connected to the 5G network through different UEs. (Flow of clock synchronization messages is both, UL and DL.)

[PR-22832-6.1-00f]
The 5G system shall be able to support arbitrary placement of sync master functionality and sync device functionality in integrated 5G / non-3GPP TSN networks. (Flow of clock synchronization messages is both, UL and DL.)

[PR-22832-6-00f]
The 5G system shall provide a suitable means to support the management of the merging and separation of working clock domains.

NOTE: 
The management of the merging and separation of working clock domains includes configuration, supporting management functions, and management of synchronization domain identifiers. 

[PR-22832-6-00h]
The 5G system shall be able to support merging/separation of working clock domains in integrated 5G networks / TSN networks that is interoperable with the corresponding mechanisms of TSN and IEEE 802.1AS.

[MPR-22832-6.1-00i]
The 5G system shall support the fully distributed model for configuration of time-sensitive networking.

[MPR-22832-6.1-00j]
The 5G system shall support the fully distributed model for configuration of time-sensitive networking that is aligned with Multiple Stream Registration Protocol (MSRP, IEEE 802.1Q [x1]), IEEE P802.1CS Link-local Registration Protocol (LRP) [x2], and IEEE P802.1Qdd Resource Allocation Protocol (RAP) [x3].
[MPR-22832-6.1-00k]
The 5G system shall support the user-network / network-network interface for the dynamic configuration of the fully distributed model for time-sensitive networking.
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