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Network Function Virtualization

Fewer platforms         More flexibility More efficient use of resources

Use less power SLAs needed
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What a MANO should do

•Implementable as software only (even 

virtualized)

•Distributed across NFVI

•Support full automation without human 

intervention

•Avoid single-point-of-failure

•Use standards or “de-facto” standards

•Support munti-ventor environment



What a MANO actually does

•Initiate

•Scale

•Update/upgrade

•Terminate

VNFs



5G Architecture 
Taking advantage of MANO

• VNFs ETSI Management and orchestration(MANO)
– Virtualized Infrastructure Manager (VIM)
– VNF Manager (VNFM)
– NFV Orchestrator (VNFO)

Operations and Business Support System 

Element managers



5G Architecture 
Taking advantage of MANO

Virtualized Infrastructure Manager (VIM)

• Manages life cycle of virtual resources in an NFVI 

domain. 

• That is, it creates, maintains and tears down virtual 

machines (VMs) from physical resources in an NFVI 

domain.

• Keeps inventory of virtual machines (VMs) 

associated with physical resources.

• Performance and fault management of hardware, 

software and virtual resources.

• Keeps north bound APIs and thus exposes physical 

and virtual resources to other management systems.

Reservations and current usage of physical resources



5G Architecture 
Taking advantage of MANO

VNF Manager (VNFM)

• VNFM manages life cycle of VNFs. That is 

it creates, maintains and terminates VNF 

instances which are installed on the 

Virtual Machines (VMs) which the VIM 

creates and manages)

• It is responsible for the FCAPS of VNFs 

(i.e. Fault, Configuration, Accounting, 

Performance and Security Management of 

VNFs).

• It scales up/scales down VNFs which 

results in scaling up and scaling down of 

CPU usage, storage and/or network.



5G Architecture 
Taking advantage of MANO

NFV Orchestrator (NFVO)

Resource Orchestration

• NFVO coordinates, authorizes, releases and 

engages NFVI resources. This does so by engaging 

with the VIMs directly through their north bound APIs 

instead of engaging with the NFVI resources, 

directly.

Service Orchestration

• Service Orchestration creates end to end service 

between different VNFs. It achieves this by 

coordinating with the respective VNF Managers so it 

does not need to talk to VNFs directly. 

• Service Orchestration can instantiate VNF 

Managers, where applicable.

• It does the topology management of the network 

services instances (also called VNF Forwarding 

Graphs).



5G Architecture 
Taking advantage of MANO

OSS (Operations Support Systems) 

• Judge and assess the health of the overall 

telecommunications network. 

• FCAPS (Fault Management, Configuration 

Management, Accounting Management, 

Performance Management and Security 

Management).

• The focus of the OSS is towards maintenance of 

the network.

BSS (Business Support Systems) 

• Enable the operator to define the billing 

parameters, rate plans & associated logic, 

customer schemes, etc. 

• The focus of the BSS is towards managing the 

business aspects associated with the 

telecommunications network.



5G Architecture 
Taking advantage of MANO



Example: Open Source MANO



Example: SONATA Platform



5G Architecture 
In-lab 5G realization

• The 5G architecture allows for the full usage of the MANO 
architecture
– 5G Functions can be realized in VNFs (all?)

– The MANO toolset can be used to manage the VNFs 
• Set a virtual 5G network

• Control the reuses of the network
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Network 
Slicing

• “the capability to 
“slice” network 
resources and 

functions and to 
offer isolated end-

to-end network 
services over 

shared physical 
infrastructures”

The ability to create logical networks on top of the same physical 

infrastructure







Network Slicing Evolution



Network Slicing Evolution

Network Slice Instance

Network Slice Subnet Instance



Network Slicing Management



A NFV application



Independent Virtual Networks



RAN Slicing



Core Network Slicing



Transport Slicing



MANO



Network Slicing Customization 

*GSMA  Introduction to Network Slicing



Network Slicing Customization 

*GSMA  Introduction to Network Slicing



Network Slicing Challenges 

–Resource management/sharing among 
slices

– Isolation among network slices

– Life-cycle management of the network 
slices 

– Security Aspects 

– Slicing in wireless part (virtualization of RAN 
functions)
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5G New Radio Spectrum Range



5G New Radio Duplexing



5G New Radio Duplexing



5G New Radio Carriers



5G New Radio Numerology
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Generic LTE Frame Structure



5G New Radio Numerology



4G vs 5G Resource Block



5G New Radio (Protocol Stack –
Layer 1)

• Flexible numerology
• various structures for the subframe (time domain) and subcarriers grouping 

(frequency-domain))

• Flexible slot format (mixed DL UL)

PHY Layer Functions



5G New Radio Slot Formats



Slot Format Examples



5G New Radio Frame Structure



Comparison with 4G
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Massive MIMO



Massive MIMO



Increase coverage and capacity

Massive MIMO



Less interference

Massive MIMO



Why not sharing frequency also for Orange UE?

Massive MIMO
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Massive MIMO
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Functional 
Split

– Introduction of the 
Backhaul and Fronthaul 
network

– The main challenge 
refers to the RAN layer 
where the split is 
performed

Distributed 

Unit

Centralized

Unit



Functional Split

Packet Data Convergence Protocol

Radio Resource Control
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Functional Split

M. Agiwal, A. Roy, and N. Saxena, “Next generation 5G wirelessnetworks: A comprehensive 
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Θέμα 1ο
Συγκρίνετε τα συστήματα 802.11 (WiFi) και LTE σε σχέση με την παροχή
Ποιότητας Υπηρεσίας.

Θέμα 2ο
Ποιο (μόνο ένα) θεωρείτε το πιο σημαντικό νέο τεχνολογικό
χαρακτηριστικό των δικτύων 5G σε σχέση με τα δίκτυα 4G; Αιτιολογήστε
την απάντησή σας (να είστε συγκεκριμένοι).

Θέμα 3ο
Μια υπηρεσία πολύ αυστηρών απαιτήσεων καθυστέρησης πρέπει να
στηθεί πάνω από δίκτυο 5G (π.χ. εγχείρηση εξ αποστάσεως). Εξηγήστε ποια
μέρη του δικτύου (τόσο στο δίκτυο κορμού όσο και πρόσβασης)
εμπλέκονται και πως, ώστε να προσφερθεί η συγκεκριμένη υπηρεσία.

Παράδειγμα θεμάτων εξέτασης


