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Abstract: This contribution provides requirements for support to the application layer for Cooperative carrying of work pieces. The corresponding requirement is in support of TR 23.745 “Study on application layer support for Factories of the Future in 5G network”. The proposed changes are for inclusion into TR 22.832 “Study on enhancements for cyber-physical control applications in vertical domains”.
Discussion
This contribution provides requirements for support to the application layer for Cooperative carrying of work pieces. The study of TR 23.745 includes identifying architecture requirements that are necessary to ensure efficient use and deployment of support to the application layer for Factories of the Future in 5G network.
An enterprise IT management system can be supported through the network exposure interface by 5G system to manage Cooperative carrying of work pieces for CAV applications.

The text changes are proposed to be included in TR 22.832 “Study on enhancements for cyber-physical control applications in vertical domains” (FS_eCAV).
Proposed Changes


START OF PROPOSED CHANGES



 Start of Change 1 


5.10
Device-to-device communication in close proximity for CAV applications
5.10.1
Description

In the industrial environment, especially indoor factory, the production and processing infrastructure is very complex with many metal equipment in different locations. This infrastructure complexity results to very complex radio propagation environment for 5G deployment, which can challenge the communication between UE and network. At the same time, due to the nature of operation in the factory environment, many communications occur among devices which are in close proximity. Therefore, device-to-device communication can be considered as one option for cyber-physical applications to complement the UE-to-Network communication deployment.
5.10.2
Scenarios

5.10.2.1
Support communication in bad & no network coverage area

For safety and security reasons, sometimes machines which comprise PLC (Programmable Logic Controller), actuators and sensors are installed in a shielded metal box, such as demonstrated below:
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Figure 5.10.2.1-1

In this case, the motion control between the PLC (UE0) and its controlling devices, such as UE1, UE2 and others (Un) need to rely on the communication in the production cell, where the signal strength from gNB is not strong and reliable enough to provide data plane connectivity between those devices to exchange control information. Some of UEs in the shielded box may be outside the network coverage of the gNB. Therefore, theProSe Device-to-Device communications between PLC (UE0) with its actuators and sensors in this close proximity production cell can be established.

In factory Non-Public-Network, there may be multiple licensed 5G bands being used to meet various deployment needs. For example, in these scenarios, the devices within the shielded product-cell may use mmWave (29GHz) to conduct direct communication to each other, while gNB uses C-band (3,8 GHz) for direct UE-to-Network communication. Using different bands also has the advantage of orthogonalizing interference.
5.10.2.2
High cooperative robots' operation
The factory floor is divided into different work zones. In one work zone, the robots are organized by dividing into different groups. For each group, the robots with different functions are installed in close proximity and working together to complete some joint tasks with very tight cooperation. The cyber-physical applications can enable group management operations (e.g. CRUDN) for the robots.
Normally one robot can take the role of a master in a group, but distributed cooperation schemes between all the robots in a group are also possible. In order to complete a task with different robots, the strong cooperation among the cooperative robots is absolutely required in real time, and those deterministic control data requiring ultra-low latency (<1 ms) are exchanged between the robots to achieve the movement synchronicity and tight cooperation. In these scenarios, a network controlled direct communication between these cooperative robots for data exchange can be considered as one deployment options as it can reduce latency and increased reliability, considering the control data don’t need to be going through other network nodes, such as gNB in UE-to-Network communication case.
In order to prevent the interference from the communication outside of this robot group, the (direct) communications between those robots need to be monitored and controlled by the network.

5.10.2.3
Using Device-to-Device communication for traffic offload in factory

In a factory’s OT NPN network, there can be many cyber-physical applications running simultaneously which demands high bandwidth and resource from the gNB in the factory floor. At the same time, the operator of the factory NPN may not have enough spectrum in one band to cover the whole NPN, but has multi-band spectrums which are widely spanned. As a result, it may be challenging for a single eNB to support all the whole spectrum. Therefore, the NPN operator may need to distribute the different application traffic by using different spectrums, and offloads some device-to-device traffic to ProSe communication instead of letting those traffic going through eNB. The cyber-physical applications can subscribe and get notification for application traffic information from UEs.
For example, Technician Jenny walks to a machine and start to conduct a routine check on a machine operation by taking a handheld tablet with the high-resolution video streaming (10Mbit/s) from the camera inside a machine. Because it’s the peak time of the production, the main gNB resource (using 3.8GHz with only 100MHz bandwidth) in these areas have been allocated to some critical URLLC Control to Control traffics and other higher priority video traffics for production line control, there is no additional bandwidth for Jenny’s operation. Therefore, the network establishes a direct communication between Jenny’s handheld tablet and the machine camera using mm Wave, so Jenny can watch the streaming video of the machine operation.
5.10.3
Service Flows

Not applicable

5.10.4
Post-conditions

Not applicable

5.10.5
Existing features partly or fully covering the use case functionality

Use of direct communication for eCAV scenario has potential overlap with the several requirements in TS22.186, including R.5.1-20 listed below:

Table 5.10.5-1
	Specification 
	Existing feature 
	Coverage analysis 

	TS22.186
	R.5.1-020]
The 3GPP system shall allow UEs supporting V2X application to use NR for direct communication when the UEs are not served by a RAN using NR.
	This requirement is only applied to V2X.


The 5G system shall be capable of supporting ProSe communication between two UEs in close proximity even when the UEs are not under network coverage.

Editor’s Note: This may be covered by other SA1 work, and will be evaluated later to see if can be considered as new requirement.
The 5G system shall be able to support ProSe communication between UEs in close proximity using spectrum different than the spectrum being used for the 5GC-based communication.

NOTE:
For example, the mmWave is used for ProSe communication, while 5G NR-sub 6 band is used for 5GC-based communication. Editor Notes: This may be covered by other SA1 work, and will be evaluated later to see if can be considered as new requirement.
5.10.6
Potential New Requirements needed to support the use case
Editor’s Note: Pending potential new requirements in 5.10.5.
[PR-5.10.6-001]
Based on operator policy, the 5G system shall provide suitable APIs to allow a cyber-physical control application to subscribe and get notification for application traffic information from device-to-device communication UEs.
[PR-5.10.6-002]
Based on operator policy, the 5G system shall provide suitable APIs to allow a cyber-physical control application to enable group management operations (e.g. CRUDN) for device-to-device communication UEs.
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