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Vertical needs and challenges

Needs
* optimize the route for order selection
* product location
e product type
e product destination
* elimination of the "waste" of time
* unnecessary movements due to non-location of a product
* incorrect route selection within the warehouse

Challenges

 difficult for data to be processed in real time for critical events to be solved in a quick manner

e data exchange mechanisms use their own modeling and schemes, and this takes time to make the E2E
system interoperable

e large amount of the loT devices



B5G technology advantages

5G advantages in logistics vertical
 5G and Beyond 5G networks are not introduced to redesign the production line but to enable
operating models with networking characteristics that enable added value services

* 5G technology characteristics
» Better network performance (high reliable and high available network, high throughput,
low latency
» 5G networks combined with cloud computing (High degree of autonomy, fast information
processing between the robot and its environment)
» Slicing

Advanced features introduces by B5G

* Introduction of Al as part of the network functions
» Increased accuracy on the decisions
» Increased data analysis
» Faster response



Characteristics

Applications
how robots can improve both the production process (reducing delivery times)and employee safety
(eliminate the need for employees to manually transport heavy goods, thus minimizing the risk of injuries)

Data verification: Ensure the proper

Issuing commands: Direct the robot .
reception of sensor and camera data

to perform specific tasks

from the robot

Emergency intervention: In case of
an unexpected situation. Be

Network performance evaluation:
Analyze network performance

prepared to take control of the robot metrics
Network
exploring and testing the integration of large-scale extreme loT-Edge- Cloud scenarios, based on a 5G
SA testbed

Automated slice changing process 100% area coverage

High network KPls Rel.17 functions



Network architecture

com‘:\‘feljll:lralor ' d 4 maln Components
- l « 5GC (SA Rel. 16), RAN (NR), Cloud
Data anal\,rsi.s: I‘:Jetwork A e Infrastructure and Slice Manager
perfon'nancemdlces:_KFTI ' R T Y .
"and grafcal presentation P e Testbed
Measurement | : * allows internet access
. Data Flow . ..
+ : : e supports secured VPN connectivity for
R : services developers to access cloud
: Slice : . . . .
5G Core || Manager o : infrastructure and install applications
 escurement o : and services.
Data Flow openstack :
. I-Aeeus-.;rementE
Probe B _- Data Flow .
BBU

— [Tess

Transport

o
Swieh (D) pﬁ




Slicing

UEs are able to communicate/interact with the network
* Request resources
* Request slice change
* Ask for information

((C ) })) 5Q1

The Service orchestrator represents the connection between the robots and the Slice Manager

Slice Manager sends information:

eMBB
URLLC

5G Core

Default Profile
Default slice
Secondary slices

Profile 2
Default slice
Secondary slices

Profile n
Default slice
Secondary slices

 when there is updated information to be shared (change in the existing slices or a new one is created)

» afteritis requested by Service orchestrator

The protocol used is http and the methods are POST, PUT and DELETE, to create, update and delete the slices.

Sustainable network processes: modern networks require increased resources and, at the same time, a large amount
of computing power to process the volume of data
A slicing mechanism will be designed, which will automatically assign resources to the end-user, ensuring that

there will be no unnecessary resources allocation




Automated slice management

The automated slice mechanism:

allows different types of services and
supports heterogeneous requirements

prevents poor performance or
disconnections, by taking decisions for
slice change based on the network KPIs
measurements.

its use could also be investigated for
cases of security breaches, as a
temporary but immediate method of
dealing with the issue

Network Cloud

. Orchestrator

Slice g
>6C Manager

Monitoring
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Main components for automated slicing
Slice Manager:
slice creation, update, cancellation
“share” slices information with the Orchestrator.
Orchestrator:
slice decision is taken
interconnected with the monitoring tool, getting information about the
network performance in real time
hosts a list of criteria that determine when a slice change is necessary.
Monitoring tool:
network Key Performance Indicators (KPIs) measurement tool
to collect data from the 5GC, in the RAN and in the robot

Example of the mechanism: 1) the orchestrator gets the information about the
available slices, their configuration parameters and the slices where each user
equipment is registered. 2) it gets real time data from the monitoring tool. 3) It
scans the criteria, for instance “if throughput is 90% of the available throughput,
then change slice” or “if packet loss is more that 1 per 10.000 packets sent, then
change slice”. 4) When these processes are completed, the Orchestrator sends a
request to Slice Manager for slice change.



Applications
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Issuing commands:

Direct the robot to
perform specific
tasks

Data verification:
Ensure the proper
reception of sensor
and camera data
from the robot

Network
performance
evaluation: Analyze
network
performance metrics



Results

Identifying the needs of the logistics

_KPI | Descripion | Value

integrate new technologies: robotics and B5G networks Availability High availability required,
so that the human AGV
The combination of these two technologies leaded to the operator should be able to 99,999%

design of a solution that utilizes the capabilities of robots
moving autonomously on a warehouse.

reach and control AGV if

5G/B5G network was deployed, offering Reliability n(;c;(::]seary 2s  above  for
* |ow latency, for direct control of the robot's movements - 99,999%.
when its control by an operator is required, - Ty — <Sms
* high throughput to transfer large amount of data, such :
as high-definition video and high availability Throughput High th.rouig,hput _ >3Gbps
* reliability to avoid the services interruption. Processing Reduction in processing 10%
Monitor tool installed and real time data transferred to a time time

platform.
Data were also utilized by the slice manager to allow a fast
and optimal slice change increasing the network reliability.
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