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Abstract of the contribution: This paper proposes to add the support for fully distributed model for time sensitive communication in the IIoT work stream in release 17.  
1 Introduction

One of the objectives of the “Study on enhanced support of Industrial IoT – TSC/URLLC enhancements (FS_IIoT)”, namely enhanced support of the fully distributed TSN configuration model, was discussed at SA2#134. The enhanced support of the fully distributed configuration model for the integration with IEEE TSN was part of the objectives of FS_IIoT from the beginning. Only in SA2#134 it was removed from the list of study topics in the study item description due to concerns of some members. 
In the meanwhile, pertinent, normative Rel. 17 requirements were added to TS 22.104 Clause 5.6A. They require the 5G system to support the fully distributed model for configuration of time-sensitive networking, and we need to discuss how these new requirements will be addressed in FS_IIoT.
2 Discussion
2.1 Motivation

In TR 22.832 “Study on enhancements for cyber-physical control applications in vertical domains” (FS_eCAV), several use cases address the flexibility of the manufacturing process in smart factories (Industry 4.0), and how 5G networks can support this flexibility. One avenue is the support of Time Sensitive Networking. TSN supports three configuration models: a) fully centralized, b) hybrid, and c) fully distributed. Different configuration models are suited for different shopfloor scenarios. Only when there is support for both fully centralized and fully distributed model, we can fulfill the requirement of smart manufacturing in the future. 
2.2 Flexible manufacturing with modular production systems and mobility
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 that offer high production flexibility and versatility. The concept of modular production systems encompasses many, increasingly mobile production assets, for which wireless communication and localisation services are required. 
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Figure 2.2-1: Flexible modular production – zones of different dynamics (taken from TR 22.832, Clause 5.15).
Zones A in Figure 2.2-1 are 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 fully pre-planned production processes. The production machinery is mobile, for instance, mobile collaborative robots. The production machinery and the associated communication is dynamically configured for each production task. This configuration can be done by the production system or in a collaborative self-organizing way by the (mobile) production machines and the robots. 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. Also note, that in a self-organized orchestration, the robots and (mobile) production machines are equal partners.
Logistics in flexible modular production requires highly mobile and dynamic applications and machines for transporting material, tools, and products within the factory. These applications and machines replace static sequential transportation systems. Logistics in flexible production makes use of AGVs and of mobile robots for collaborative carrying. The paths of AGVs may be pre-planned during the configuration of the production task, may be re-routed by the AGVs due to changes in the production environment, or may be determined dynamically on demand by the AGVs. A higher flexibility in the production processes leads to higher dynamics in logistics.
Since the configuration and breakup of production pods in a flexible modular production regime is highly dynamic, dynamic reservation of real-time communication services is needed. The Multiple Stream Registration Protocol MSRP, which is specified in subclause 35.1 of IEEE 802.1Q [1], meets this need. It performs registration and reservation of real-time communication, and it also offers resource protection and diagnostics. In case of inactivity or failure of devices, reservations are terminated and resources are released. The IEEE 802 standardization projects P802.1CS Link-local Registration Protocol [2] and P802.1Qdd Resource Allocation Protocol [3] will further enhance stream reservation capabilities to fulfill industrial requirements.

To support applications in zones A, a standardized User/Network Interface (UNI) between the end stations and the network is required so that real-time communication services can be configured on demand.
Zones B in Figure 2.2-1 are characterized by a lower dynamic of production actions. Production in Zones B is thus easier to plan in advance. Zones B contain tools, machines, robots and robot arms, video applications, etc. They all perform predefined tasks and are therefore rather static. Typically, there are master devices which strictly control their secondary 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 every year.
Given the scenarios in both zone A and zone B, the support of both fully centralized and fully distributed configuration model for TSN are required is required in order to support flexible manufacturing with modular production systems and mobility in factories of the future.
2.3 Normative 3GPP SA1 requirements

Pertinent normative 3GPP SA1 requirements can be found in TS 22.104 Clause 5.6A. They are listed below:
The 5G system shall support the fully distributed model for configuration of time-sensitive networking.

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 [1] clause 35.1), IEEE P802.1CS Link-local Registration Protocol (LRP) [2], and IEEE P802.1Qdd Resource Allocation Protocol (RAP) [3].
The 5G system shall support the user-network / network-network interface for the dynamic configuration of the fully distributed model for time-sensitive networking.

2.4 Status of the related TSN standards

The current status of the related IEEE standard development is as follows: 

-
IEEE Std 802.1Q-2018: Clause 35.1 Multiple Stream Registration Protocol (MSRP) has been published;
-
IEEE P802.1CS Link-local Registration Protocol (LRP) is in an advanced state (working-group ballot, Draft 2.2);
-
IEEE P802.1Qdd Resource Allocation Protocol (RAP) is in an early stage (Editor’s Draft 0.0); RAP uses LRP and is backward-compatible with IEEE 802.1Q stream reservation (MSRP) and pertinent capabilities, controls, and protocols of IEEE 802.1Q.
The current IEEE specification IEEE 802.1Q on MSRP provides a solid foundation in order to begin the work in 3GPP. 
As IEEE P802.1CS is already in an advanced stage, it is subject to minimal change. 
Although IEEE P802.1Qdd is still in early stage, the RAP in IEEE 802.1Qdd only adds enhancements to MSRP that are backward compatible with the MSRP specification in IEEE 802.1Q-2018. Therefore, support of the fully distributed model for configuration of time-sensitive networking can be done with the following steps:

1) MSRP [1],

2) LRP [2],

3) RAP [3]. 
3 Conclusion

Emerging flexible manufacturing requires the fully distributed TSN configuration model. The fully distributed model for configuration of time-sensitive networking is an important enabler for factories of the future and Industry 4.0. 

5G systems need to support the integration of the fully distributed TSN configuration model to be fully applicable in flexible production environments. 
4 Proposal
Emerging flexible manufacturing requires the fully distributed TSN configuration model; 5G systems in production environments needs to support distributed TSN.

This contribution proposes to add the support for the fully distributed model for configuration of time sensitive communication in the IIoT work stream in release 17. It is proposed to add the objective 
“Enhanced support of integration with IEEE fully distributed TSN configuration model” 
in the Study on enhanced support of Industrial IoT – TSC/URLLC enhancements (FS_IIoT). 
Objective

Study enhancements to 5G System that would enable enhanced support of Time Sensitive Communication and deterministic applications.

The following aspects are in scope of the study:

 1.
Enhanced support of integration with IEEE TSN:

a) Support for uplink synchronization with 5GS. 
b) Support for multiple working clock domains connected to the UE (considering uplink synchronisation with UE as master).
c) Support for Time Synchronization of UE(s) with the TSN GM of master UE with 5G System.
d) Support for fully distributed model for configuration of time-sensitive networking.
2.  Enhanced support of deterministic applications:

a) UE-UE TSC communication via same UPF 
b) Exposure of network capability to support Time sensitive communication, more specifically deterministic services and Time synchronization.

3. Consider the following aspects:

a)  Specific TSC related requirements needed for Audio Visual Service Production.
Any additional service requirement that is defined by SA1 (not covered as part of normative work in Stage 2/Rel-16) related to the above objectives. It is expected that the scope depends on Release 16 outcome. 

The proposed objective pertains to the following three tasks in Rel.17: 

a. Investigate the support of 5GS for the Multiple Stream Registration Protocol as defined in IEEE 802.1Q, subclause 35.1 and IEEE P802.1CS Link-local Registration Protocol.

b. Investigate the support for the User/Network Interface for communication between the end station and the network. 

c. Investigate potential additional features needed to support the fully distributed model for TSN with 5GS modelled as a TSN bridge. 
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