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eMBB
Enhanced Mobile Broadband

Gigabytes in a second
3D video, UHD screens

S tH Building —
mart Home/Building Work and play in the cloud

Augmented reality

Industry automation

Voice o
—— Self Driving Car

Smart City —— | Mission critical
application
e.g. e-health

Ultra-reliable and Low Latency
Communications

mMTC Source: ITU, 2015 URLLC

Massive Machine Type
Communications
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5G ARCHITECTURE KEY FEATURES
Control & User Plane Separation
Multi-access Edge Computing
Massive MIMO
Evolved VRAN (Protocol Separation)
Full Virtualization (SDN/NFV)

Service Based Architecture
(Network Slicing)

New Radio Spectrum (mmWave)
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Use cases, business models, value proposition
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Source: NGMN 5G White Paper, 2015
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I uDC :
—— AF Application Function

: | AMF Access and Mobility management Function

AUSF Authentication Server Function
NSSF NEF NRE |1 FF uom | | AUSFe PCF: | AF AUSE - Authentictin
| FE Front End
L - e o e Ee Ee e e e e o e e E e Ew Em NEF Network Exposure Function
Nnssf Nnef Nnrf Nudm Nausf NpCf Naf NRF  NF Repository Function
NSSF Network Slice Selection Function
PCF Policy Control Function
(R)AN  (Radio) Access Network
SEPP Security Edge Protection Proxy
SMF Session Management Function
UDM Unified Data Management
UDR Unified Data Repository
UDSF Unstructured Data Storage Function
Control plane SMF
. UE User Equipment
\functmn group / UPF  User Plane Function
() N4
N2
N3 N6
UPF Data Network

(DN)

gNodeB

i (NG-RAN) User plane
5G UE function
N / Source: 3GPP. 2018
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'f.?? 5G Network Slicing

3GPP deployments using network slicing 33\3?
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Source: 3GPP, 2018
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ved Packet Core:
& User Plane Split
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Node-B Node-B eNode-B
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Source: 3GPP, 2016
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. Control & User Plane Separation
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NON STAND ALONE (NSA)
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SGW

eNB Xx gNB
(New Radio)
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DEIB—Politecnico di Milano

5G Architecture: NSA & SA

STAND ALONE (SA)
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Stand Alone

Evolved Packet Core

Packet Gateway

Serving Gateway

Mobility Management Entity
5G Core

Access & Mobility Function
User Plane Function
Intermediate User Plane Function
Next generation Node B

Source: 3GPP, 2017
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Endpoints Access Network Edge Network Core Network
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Source: Metaswitch, 2019
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* Physical Lower & Higher

e Medium Access Control s
* Radio Link Control

* Packet Data Convergence Control

* Radio Resource Control backhaul <
e Common Public Radio Interface

e Evolved CPRI

* Next Generation Fronthaul Interface - BBU '-Z'NRT."-3

s Core Network X2 E/ midhaul
* Centralized Unit n :_\\\ N\
iii <

backhaul

RRC
PDCP

Xxn

e Distributed Unit / "1 L2 RLC
* Evolved Packet Core MAC
. ' PHY-H

Base Band ({n/t | fronthaul < |_1
* Remote Radio Unit CPRI CPRICPRI/ fronthaul
* Control Plane/User Plane NGFI
* Real Time \_
* Near Real Time RRU ((éz) ((éz) RRU PHY-L

4G 5G

Source: 3GPP, 2016
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Traditional Mobile
Networks

Phase 1: Virtualization and
Cloudification (SDN, NFV and
Cloud Computing)

Phase 2: Service Migration

(SDN @WAN, Cloud Factories

and Service Migration) Phase 3: Orchestration

(E2E Orchestration of

_ network and services)
Phase 4: Service Network

Automation (Network Slicing and
MEC)

Softwarized 5G
R- Kahn et alii, IEEE Comm. Surveys and Tutorials, 2019 Networks
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Network Softwarization Phases in 5G
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Edge Computing Applications

* Network Performance and QoE improvements
* Content/DNS Caching (high QoE)
* Performance Optimization: Protocol Accelerators (lower network bandwidth cost)

* Consumer-oriented services
e Augmented and Virtual Reality (low latency, high performance)
* Gaming (low latency, high performance)

* Operator and third party services

» Big Data & Artificial Intelligence services (local data storage —via blockchain records- & Al
processing towards core application)

* Enterprise services (managed services)

* 5G loT Vertical Market Services
* |oT Gateways
* |oT Connected Cars (low latency)
loT Smart Environment (big data volumes)
loT Industry 4.0 (low latency)
loT Drones (low latency), etc.
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vSAEGW-U,
vFW/NAT, vCDN,
MEC apps etc.

vRAN - vDU
and vCU

(
Far Edge DC @ Edge DC @
Pre-Aggregation Aggregation
1000’s ~< 50
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Distributed Cloud Networking

vSAEGW-C,
MME, vIMS,
VvPCRF etc.

VSAEGW-U/C: System Architecture Evolution
GW - User/Control Plane

VRAN: virtual Radio Access Network

vDU: virtual Distributed Unit

vCU: virtual Centralized Unit

vFW: virtual Firewall

VNAT: virtual Network Address Translation
vCDN: virtual Content Delivery Network
MEC: Multi-access Edge Computing

MME. Mobility Management Entity (4G)
vIMS: virtual Internet Multimedia System
(4G)

vPCRF: virtual Policy & Charging Rules
Function (4G)

Central DC

7 Source: Cisco, 2019
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