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Abstract: Use cases and new potential 5G service requirements for merging/separation of working clock domains. Proposed text to be included in TR 22.832 (FS_eCAV).
Discussion
This contribution provides use cases and potential new 5G service requirements for the merging and separation of working clock domains. Future smart factories will see more mobile entitities with communication links such as mobile robots, mobile machines, and AGVs. Each of these mobile entities may have its own local working clock domain for its internal communication network. The mobility of the cyber-physical manufacturing entities will also increases the dynamics in the organization of working clock domains in an industrial communication network.

The proposed text changes are for inclusion into TR 22.832 “Study on enhancements for cyber-physical control applications in vertical domains” (FS_eCAV). 
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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].

Abbreviation format (EW)

AGV
automated guided vehicle

gPTP
generalized precision time protocol

PTP
precision time protocol

TSN
time-sensitive networking

<ACRONYM>
<Explanation>
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5.e
Merging of working clock domains

5.e.1
Description

One key issue of the integration of TSN and 5G wireless networks that has to be handled is mobility. The integration of 5G wireless communication into the industrial communication infrastructure allows for mobility in the manufacturing process. This mobility enhances flexibility in the manufacturing process, e.g. through adding certain manufacturing capabilities on-demand by having a machine move to the respective production line. This means that machines that are synchronized to different working clock domains may need to interact with each other.

Mobile machines/AGVs providing additional functionality or material for stationary production line

In a flexible manufacturing process, some specialized manufacturing capabilities are provided by mobile machines. The mobile machine has its own internal TSN network with its own working clock domain (restricted to the mobile machine). After the mobile machine has arrived at the intended location and is stationary again, the two interacting working clock domains of the stationary production line and the mobile machine have to be synchronized with each other. Otherwise interaction and collaboration might not be possible without interfering with ongoing operations. An example is an autonomous mobile handling robot adding parts to an assembly line. Without synchronization between both, correct placement of the parts would be impossible. Similarly, the working clock domains of AGVs providing material or work pieces to a production line need to be merged if they need to interact and to collaborate.

Cooperative work of mobile robots

In a future smart factory, otherwise independent mobile robots may gather in order to do a certain task together in a cooperative way, such as carrying a large or heavy work piece. In order to do such demanding cyber-physical control task, the mobile robots require synchronized clocks (time synchronization) between each other. They have to be in the same working clock domain. Each of the mobile robots has its own internal TSN network with its own working clock domain (restricted to the mobile robot) when it is on its own (i.e. not collaborating with any other mobile robot or machine). After the mobile robots have come together to do the cooperative task, the different interacting working clock domains of the mobile robots have to be synchronized with each other. Otherwise interaction and collaboration will not be possible.

However, it is not always desired that working clock domains are merged if the meet or get into range of each other. For instance, the working clock domains of an AGV and a production line have to stay separate if the AGV just pases the production line. Therefore, the interaction between different working clock domains requires a concept for controlling the merging and non-merging of different working clock domains. 
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Figure 5.3.1-1: Working clock domain interactions "Merge" and "Separate"
When members of different working clock domains interact, there are two possible options (Figure 5.e.1-1). Which option is used depends on the manufacturing process, the cyber-physical control application and its requirements.

-
Merge: The working clock domains merge into one. This option can be used in applications where synchronization is critical, e.g. high precision robots interacting with each other.

-
Separate: The members of the different working clock domains interact while keeping their own separate time synchronizations. This option can be used in applications where synchronization is non-critical, e.g. an AGV collecting finished products from a production line.

5.e.2
Pre-conditions

The different entities of the production process (mobile robots, AGVs, production line) have their own separate working clock domains.  
5.e.3
Service Flows

The different entities of the production process come to together:

a) mobile robot and production line

b) mobile robots for cooperative task

c) AGV passing production line
In cases a) and b) collaboration and interaction is intended. The different working clock domains merged in order to achieve a common clock synchronization with the necessary precision.

In case c) collaboration and interaction are not intended. The different working clock domains stay separate.

After finishing the cooperative task, the different entities part and go their own way. The common working clock domain needs to be split into different working clock domains at the different entities.
5.e.4
Post-conditions

Working clock domains are identified and distinguished by the time domain indentifier, the domain number in IEEE 802.1AS [e2]. If two working clock domains have the same domain number and get connected (are in the same network and can receive all gPTP messages from both working clock domains), gPTP mechanisms will ensure that there is only one active sync master in this combined working clock domain.

The different entities of the production process (mobile robots, AGVs, production line) have their own separate working clock domains again. The corresponding time domain identifiers / domain numbers are assigned in such a way, that there is no accidential merging of different working clock domains due to equal time domain identifiers / domain numbers.  
5.e.5
Existing features partly or fully covering the use case functionality

Clock synchronisation service level requirements from TS 22.104 [e3] Clause 5.6.1:

The 5G system shall support a mechanism to process and transmit IEEE1588v2 / Precision Time Protocol messages to support 3rd-party applications which use this protocol.

The 5G system shall support a mechanism to synchronize the user-specific time clock of UEs with a working clock.

The 5G system shall support networks with up to 32 working clock domains.


The 5G system shall provide an interface at the UE to determine and to configure the precision and time scale of the working clock domain.
5.e.6
Potential New Requirements needed to support the use case

 
[PR-5.e.6-001]
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-5.e.6-002]
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.
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6
Merged potential service requirements

Editor’s note: This Clause proposes consolidated potential unique further 5G service requirements based on the vertical use cases and potential 5G service requirements for communication for cyber-physical control applications in Clause 5 .

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-22832-6-00f]
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.
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