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5G Advancements

New Architecture
» Advanced core network functions / NG RAN
» Incorporate SDN/NFV (NFV MANO)
» Decupling of control and data plane

» Decupling of functions from the hardware

Network Slicing

» eMBB, URLLC, mMTC | 8 subclasses pes slice

type

New Radio (NR)

» RAN protocol stack (+SDAP)

» New numerology for the PHY compared to LTE
Massive MIMO

» Multiple antennas and beamforming
Functional Split

» gNodeB Fronthaul Central, Distributed and
Radio Units (CU, DU and RU)




General 5G architecture

N, o
NP

Data
Network



Access and Mobility-Management
Function

Registration and
Security

Subscriber Mobility

Similar to MME in 4G Authentication
Location Temporary ID
Paging

Handover



Session Management Function

PCF Interaction for UPF Selection and IP
Data Network Profile Address Allocation

In 4G mobility and session functionality were both in one entity:
MME — In 5G this is split to AMF and SMF respectively.

Establishment, modification, termination of PDU sessions
 Interact with Policy Control Function to check the user subscription status
* Interact with User Plane Function to setup the PDU session



Unified Data Management

Registration / Mobility
Management

Access Authorization

Data Network
Profile(s)

Central repository of subscriber information

Access authorization

Tracking information

Data network profile (what the user can and cannot do)



Policy Control Function

Ability to Alter Both
Mobility and Session
Related Service
Aspects

Dynamic Policy
Decisions Based on
Conditions

Knowledge of network conditions

Real time decisions based on these conditions

May deny or alter service if conditions do not allow
Information from the Data Network (external) as well



User Plane Function

é N

>
i

Anchor Point for NG- QoS Flow and Policy

RAN Mobility Enforcement

Remains the same for a PDU session

Enforces QoS and data forwarding from/to the UE to/from the data network



5GS Service Based Architecture (SBA)
4 — we T D

I
e 1
| AMF Access and Mobility management Function
| i AUSF  Authentication Server Function
I

NSSF NEF NRF I @ uUubDM AUSF PCF AF DN Data Network

L FE Front End
RN S e [ ———— - e NEF Network Exposure Function
N nSSf N I'Ief N n I‘f NRF NF Repository Function
N Ud i Na USf N pCf Naf NSSF Network Slice Selection Function
PCF Policy Control Function

(R)AN  (Radio) Access Network

SEPP Security Edge Protection Proxy
SMF Session Management Function
ubm Unified Data Management

UDR Unified Data Repository

ContrOI plane AMF SMF UDSF Unstructured Data Storage Function
function group N / UPF  Uses Pans Functon

: N4

1

[

I 4 N

I N3 N6

N1 | UPF Data Network
[
I % gNodeB (DN)
(NG-RAN) User plane
5G UE

\function )




SBA Terminology

Network Function (NF)

\

Service Based Interface (SBI)

Service Based
Architecture (SBA)

UE




Core Network Architecture Evolution in 5G

* Functional entities
* Single Core
* Dedicated protocols

LTE

Service Based

Virtualization & Slicing
Softwarization/ Cloudification
Application Programming Interfaces
Harmonized protocols (HTTP ...)
Exposure to 3rdParties

Backward & Forward Compatibility



Data flow

PDU Sessions and QoS Flows

QoS Flows
' Provide differing QoS characteristics based on latency,
priority and data rate (guaranteed or non-guaranteed)

P

PDU Session Data Network

QoS Flows can be established and removed on the basis of the QoS
requirements of the User Plane traffic

PDU Session Data Network




Establishment Request

Policy association

» PCF establishment
"éml.,ase:sp?n 13. First uplink mo?iifymponse
data
5G Core Network (5GC)

«—» Control Plane

«—» User Plane




User Plane Function

A

NG-RAN >« 5GC
| :
UE : NB : UPF
| I
PDU Session
Radio Bearer NG-U Tunnel
QoS Flow
[ | [ ]
QoS Flow
|
Radio Bearer
QoS Flow
||
| i
I |
i |
Radio NG-U




User Plane Function

IP UE DRB NB QFlI Internet P
Flows mapping g Insertion UPF PDU Flows
— | | O t

— <—O DRB =1 )-—— 4—0 QoS flow 1, QFI=1 }= « !":’3 Best effort
" [ I
{ [72]
= - (] aosflow2, aFi=2 | 8 ‘
- g () DRB =2 ) @ ‘\% « Skype Video
o R £ ‘
Z T -—e Qo$ flow 3, QFI=3 }: S < Youtube
o stream
= Netflix PDU
o T
o b = = [T\ Netflix
L = 0O = — «
— é,: -—0 |DRB 3 )-— 3 ~—0 QoS flow 4, (llFI 4 | }— i CU™ <tream
o
ok .—O DRB =4 )-—— e <—O QoS flow 5, QFI=5 )' a - r “ Voice
< = I ()] I I
— a8 4_0 DRE =5 J<—— 2 4—0 QoS flow 6, QFI=6 }¢ « i Video
[ | | l
IMS
PDU

SDAP: Service Data Adaptation Protocol
SDF/TFT: Service Data Flow / Traffic Flow Template



ser Plane Function

5Ql Resource | Default Packet Packet Default Default Example Services
Value Type Priority Delay Error Maximum Averaging
Level Budget Rate Data Burst Window
(NOTE 3) Volume
(NOTE 2)
1 20 100 ms 1072 N/A 2000 ms Conversational Voice
GBR (NOTE 11,
NOTE 13)
2 (NOTE 1) 40 150 ms 1073 N/A 2000 ms Conversational Video
(NOTE 11, (Live Streaming)
NOTE 13)
3 30 50 ms 107 N/A 2000 ms Real Time Gaming,
(NOTE 11, V2X messages (see
NOTE 13) TS 23.287 [121)).
Electricity distribution
— medium voltage,
Process automation
monitoring
5 Non-GBR 10 100 ms 105 | N/A N/A IMS Signalling
NOTE 10,
NOTE 13)
6 (NOTE 1) N/A N/A Video (Buffered
60 300 ms 10 Streaming)
(NOTE 10, TCP-based (e.g.,
NOTE 13) www, e-mail, chat, ftp,
p2p file sharing,
progressive video,
etc.)
7 N/A N/A Voice,
70 100 ms 1073 Video (Live
(NOTE 10, Streaming)
NOTE 13) Interactive Gaming
82 Delay- 19 10 ms 104 255 bytes 2000 ms Discrete Automation
critical (NOTE 4) (see TS 22.261 [2])
GBR
83 22 10 ms 1074 1354 bytes 2000 ms Discrete Automation
(NOTE 4) (NOTE 3) (see TS 22.261 [2]);
V2X messages (UE -
RSU Platooning,
Advanced Driving:
Cooperative Lane
Change with low LoA.
See TS 22.186 [111],
TS 23.287 [121])
84 24 30 ms 107° 1354 bytes 2000 ms Intelligent transport
(NOTE 6) (NOTE 3) systems (see
TS 22.261 [2])




User Plane Function

NB uP C on )

g F . )
i -« L o+ N
|
PDU Session
Qos flow to PDU Session N3 Tunnel QoS flow QFl Insertion
DRB Mapping I I
= &_ : IP flow 1
= , "ﬁ" QoS Flow (Non-GBR), QFI = 6 3 "p— p
= = =
) w e i
= £33 IP flow 3 ©
S QoS Flow (GBR), QFl = 4 an 2
g =2 IP flow 4 =
< = E Py
QoS Flow (GBR), QFl = 3 = IP flow 5
5Ql : 5G QoS Identifier o QoS Flow Q05 Flow pararmeiers 5Ql
ARP : Allocation and Retention Priority type Resource Type*
GFBR : Guaranteed Flow Bit Rate Z 501 —> Default Priority Level
MFBR : Maximum Flow Bit Rate = g PDB
PDB : Packet Delay Budget 2 & |ARP PER
PER : Packet Error Rate 9 | %|RrRoA Default Maximum Data Burst Volume
QFl : QoS Flow Identifier = GFER Default Averaging Window
RQA : Reflective QoS Attribute -y %
z MFBR GBR, non-GBR or delay critical GBR
Notification Control
Maximum Packet Loss Rate




Network Function Virtualization

3 COTS Server

J

Virtualized
Network

Functions

* Most of NFV nodes may be virtualized (software processes)
* Running in Commercial Off The Self (COTS) Servers



Network Function Virtualization

( N
[ Control Plane } [ Subscriber J Virtuslized
Elements eg AMF Management eg UDM Network
- User Plane Elements Billing and Policy Functions
5 & eg UPF Control eg PCF
=2 | L J
§ 8 R
s
g fé e N — Computirig
g-g NFV Infrastructure \ Networking
c (Including Virtual Switching) Storage
c O
COTS Server computing
(Computing Resources) Netwarking
PRE
9 J 9 ) Storage

 Flexibility

» Scaling through software

« MANO in needed

« 5G is a series of virtualized processes
« APl driven



Network Function Virtualization

Classical Network Appliance
Approach

Message
Router

Session Border WAN
Controller Acceleration

--a

Firewall Carrier Tester/QoE
Grade NAT monitor

Iml:-:-:-

SGSN/GGSN PE Router BRAS

Radio Access

Network Nodes

* Fragmented non-commodity hardware.

* Physical install per appliance per site.

* Hardware development large barrier to entry for new
vendors, constraining innovation & competition.

Fewer platforms

Use less power

More flexibility

SLAs needed

Independent
Software Vendors

Virtual Virtual Virtual Virtual

Apphance Appliance Appliance ml“""
_‘ Virtual ._'_‘ y./.,“m bf‘ Virtual |5
Appliance Appliance Appliance

bt

Orchestrated
automatic &

remote install

Standard High Volume Servers

Standard Hig Volume Storage

Standard High Volume
Ethernet Switches

Network Virtualisation
Approach

More efficient use of resources



Network Function Virtualization

Decouples functions from hardware
to reduce network operator CAPEX !
. and OPEX, and increase service agility !

D

World Class Standards

NFV

Function Abstraction
Automation Orchestration
Isolation & Resoun:e Pooling

X
a 5 < ,Vlrtual "
/ \
EN NET o ization ',
ol < 3 D

- -

SDN s Cloud

Networking Abstraction Computation Abstraction
OpenFlow OpenStack
| Creates network abstractionsto | . Enables resources sharing, allows
enable faster innovation, network | : flexibility and resource pooling hence;

flexibility and holistic management ' . benefits from economies of scale



Network Function Virtualization

VNF 1 \%

3 |---[ VNFn

Virtual Network Functions (VNFs)

Virtual Virtual
Computing — Network

VIRTU 2 LAYER

Virtualised
Infrastructure
Manager (VIM)

Infrastructure, VNF & Service Description

Computing Storage Network
Hardware Hardware Hardware
NFV Management and

Network Functions Virtualisation Infrastructure (NFVI) Orchestration (MANO)




Network Function Virtualization

Virtualised Network Functions (VNFs)

VNF VNF VNF VNF VNF

NFV Infrastructure (NFVI) NFV
. : : Management
Virtual Virtual Virtual and
compute EIE LS Orchestration

Virtualisation Layer

Physical Physical Physical
compute memory network

Hardware resources




Network Function Virtualization

VIIUANsea INCIWOIK runcuons (|7~ ~=---___

Virtualised Network Functions (VNFs)

VNF VNF VNF VNF

1
I 1

VM VM VM
(VNFC) Jif (VNFC) | (VNFC)

VNF VNF VNF VNF VNF

STNEY

NFV Infrastructure (NFVI)

Virtual Virtual Virtual Ma"agzme“‘
an
Compute Storage Network _
P g Orchestration
Virtualisation Layer
Compute Storage Network
Hardware resources




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 VNFs

Terminate



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

n N\

/ NFV Management and Orchestratio
Os-Nla

Setvice, VNF and
Infrastructure
Description

Or-Vi
|

/ | NFV
O8S/BSS ; Orchestrator
-+ Or-Vnfm
Element managers
=
EM1 EM2 EM3 Ve-Vrém
: | VNF
-+ = T ' Manager(s)
VNF 1 VNF 2 VNF 3
1 FVn-Nf 1 ~ Vi-Vnfm
NEVI - < >
Virtual Virtual Virtual
Computing Storage Network
7 Rk Nf-Yi Virtualised
Virtualisation Layer I ! Infrastructurs
ViHa I Manager(s)
Hardware resource
Computing Storage Network
Hardware Hardware Hardware

e—=o Execution reference points

Other reference points

¥ Main NFV reference points

/




5G Architecture

Taking advantage of MANO

Virtualized Infrastructure Manager (VIM)

* Manages life cycle of virtual resources in an NFVI
NIV Management and Orchestration d om al n.
Os-Ma
0SS BSS = "l « That is, it creates, maintains and tears down virtual
I machines (VMs) from physical resources in an NFVI
1 Or-Vnfm domain.
]
- - B J e || o |||[Ses s [ o Keeps inventory of virtual machines (VMs)
- ' : Memmem )| || L pesrion associated with physical resources.
VNF | VNF 2 VNF 3
! T n-Nf ! 4 Vi-Vnfm
ST + * it  Performance and fault management of hardware,
Virwal Tl Vistaal, software and virtual resources.
Computing Storage Network
Virtualisation Layer Nf-IVI b o Or]Vi .
i) e | s ' * Keeps north bound APIs and thus exposes physical
| [ e ”“T““ii,‘;iffi‘;”‘" and virtual resources to other management systems.
Hardware Hardware Hardware
D 4

o—= Exceution reference points

Other reference poinls

== Main NFV reference points

Reservations and current usage of physical resources



5G Architecture

Taking advantage of MANO

NIV Management and Orchestration

Os-Ma

——

Ve-Vnfm
!
1

NE-Vi

- { OSS/BSS
| LM 1 ’ ’ EM2 | | M3
VNF 1 VNF 2 VNF 3
i fvnN i
NFVI i Ad L
Virtual Virtual Virtual
Computing Storage Network
I Virtualisation Layer
VI-Ha |
a Hardware resources
Computing Storage Network
Hardware Hardware Hardware

NFV
Orchestrator
-+ Or-Vnfm
] A
: Service, VNF and
VRE 3 Infrastructure
Manager(s) Description
J
Virtualised Or-Vi
Infrastructure %
Managen(s)

e—=» Exccution reference points

| Otherreferenee points

= Main NFV reference points

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

NIV Management and Orchestration
w———

o—= Exccution reference points

| Otherreference points

| )
Os-Ma
OSS/BSS
ISSIBSS Orchestrator
\_ I Or-Vnfm Y
f—
| o l | e ’ ‘ ‘ Ve-Vnfm VNE Service, VNF and
b } e Infrastructure
H Manager(s) Descriplion
| VNF | l | VNF 2 ‘ ‘ VNF 3

s 3 JVn-Nf i + Vi-Vnfm
i [NEVT A T
i Virtual Virtual Virtual

Computing Storage Network

— NE-Vi Virtualised Or-Vi
| Virtualisation Laycr t Infrastricture }
VI-Ha | Manager(s)
Hardware resource:
«{ | Computing Storage Network
[Hardware Hardware Hardware

= Main NFV reference points

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

alh-\evel aerworé

QN e, @ ond s \b

\I\\\? \\QQC‘\C\Q'

YNE liCecycle

NFV Management and Orchestration

NFV
Orchestrator

-1+ Or-Vnfm

P& 1
VNE Service, VNF and
Infrastructure
Manager(s) siotion

L Descripion |

™MAanagement,

Peci€ic

-+ Vi-Vnim

e

Yo
\ one
2’2\\\\‘ ANQC'\'\\\

Virtualised Or-Vi
Infrastructure 1
Manager(s)

4’ N4,



Example: Open Source MANO

Open Source
MAN U & Projects (project19) ~ €@ User (instructorl) -

EE Dashboard 88 Dashboard > Projects project19

& Packages 5 Failed Instances All Projects (5}
No Instances Available

practica2 1] project33 =
kubernetes =
project16 =

& O0SM Repositories
i WIM Accounts

ADMIN

B Projects
Users

= =

2 2

NS Packages VNF Packages

NS Instances VNF Instances




Example: SONATA Platform

Development

SONATA SDK

SONATA Service Platform

Editors

Packaging Tool

Debugging & Testing

Tools

Monitoring Data Analysis

Tools

NFVO (Network Service Management)

Platform Catalogues

Catalogue Access

| Private Catalogues |

- - | =] o=
K] = E
& a £ g
b= L
=3
Sl 2
Message Broker I Message Broker = &
=||E
Texecutive] enecutive) 8 “g
Service Lifecycle Service Lifecycle s L=
Decision Execution <

MANO Framework

VNFM (VNF Management)

' i
' .
: = it
' ; g
' AL
: 2 [
:I Message Broker I Message Broker lg |
: Terecuiee] Temeautve] E |
v | VNFUfecycle VNF Lifecycle S|
. Decision Execution H

T T

Monitoring Management

~|-+ Information Mgmt. %]

" — T ——
Service FSM/SSM

Repositories

Public Catalogues

Gatekeeper

| T

H
H
E | VNF Adaptor

Infrastructure



UE

The 5G architecture allows for the full usage of the MANO

5G Architecture

In-lab 5G realization

architecture
5G Functions can be realized in VNFs (all?)
The MANO toolset can be used to manage the VNFs

Fnes

Set a virtual 5G network

Control the reuses of the network

NG-RAN

M
- @

NFV Management and Orchestration

Service, VNF and
Infrastructure
Description

Or-Vi

o—=o Execution reference points

Other reference points

Os-Ma
NFV
OSS/BSS : Orchestrator
= Or-Vnfm
]
EM2 EM3 Ve-Vnfm
VNF
H 1
\ ' Manager(s)
WiT | vt VNF 3
1 FVn-NF i —+ Vi-Vnfm
N ¢ ¢
Virtual Virtual Virtual
Computing Storage Network
— NF-Vi Virtualised
Virtualisation Layer } fifiastiiiotire
Vi-Ha I Manager(s)
Hardware resource
Computing Storage Network
Hardware Hardware Hardware

== Main NFV reference points




5G Advancements

New Architecture
» Advanced core network functions / NG RAN
» Incorporate SDN/NFV (NFV MANO)
» Decupling of control and data plane

» Decupling of functions from the hardware

Network Slicing

» eMBB, URLLC, mMTC | 8 subclasses pes slice
type

New Radio (NR)

» RAN protocol stack (+SDAP)

» New numerology for the PHY compared to LTE
Massive MIMO

» Multiple antennas and beamforming
Functional Split

» gNodeB Fronthaul Central, Distributed and
Radio Units (CU, DU and RU)




Network
Slicing

“the capability to
“slice” network
resources and
functions and to
offer isolated end-
to-end network
services over
shared physical
infrastructures”

r 5G RAN ;] ( 5G Core
"

V2X Network Slice Instance
Designed for low latency, critical communication

Voice Services Network Slice Instance
Designed for low latency voice and signalling, with guaranteed QoS

e -
|\ | |

Smart Metering Network Slice Instance
Large numbers of connected devices, low data requirements and minimal

network activity
O <

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



Semlc:es Sarvinas Eervlcss
#1 #2 #3

l

"Jlrtual

[
:
-
P

-

M
Virtug) i

Virtual node

LINF - Logically isolated network partitions
VLAM — Virtual local area network



Large 5G Network Building Blocks

bandwidth

Support for low,
mid and high i 5G RAN : ; 5G Core

bands Virtualization in
é) i RANand Core
Beamforming

and MIMO
F[elele frame O ---------------------------------
structure

Split architecture |

Ed ti
ge computing Network slicing



Independent Virtual Networks

Transport Slice 1

a8
AEE ¥ J —
: RAN Slice 1

— = Z 7
11 (o). Y, S W 5@; S —_— %
il Fi 7 i

> | RANSlice3 ;  TransportSlice3 :  CoreSlice3 | Niagementsiicas H ier
: Network Slice for IOT ...............................................................................................



RAN Slicing

......................

......................

50 MHz Channel

: RAN Slice 2 : o URLLC
‘ Network Slice for V2X AanasneuoRuskansesend : M‘n] Slot
- - 4 Prrrrg 20 MHz Channel r

Network Slice fOl' IOT e Extended Slot



Core Network Slicing

Control Plane Functions

Session Policy
Control Control ( AMF)
(SMF) (PCF)
eMBBShce ................................
=t L0000 .88
- URLLC Slic AR/VR Apps

Edge Data Center

Mobility Control ~ Subscriber Data
Management
(UDM)

Local Data Center

~ User Plane Functions (Ex:

1
! |
i {
Simple low-cost
processor

VOD Server
E,_:(Content
: cache)

UPF)

R

High-performance
processor

Applicatior
Servers

Central Data Center



Transport Slicing

UE3



Service Service Instance 1 Service Instance 2
- Layer Instance

Charging Security
Policy Latency

: o Mobility Throughput
: Network Slice :  network Slice 1 i Network Slice 2

Reliability

Network Slice

Life-cycle Management

Security

NFVO [ | OSS/BSS

Network Slice 3 ‘_

VNFM  — EMS

OF NS

Resources

VIM  —

Network Slice Management Functions:

MR N

Template Creation

Instantiation

Scaling

Isolation of slices

Maintenance (Ex: Load balancing)




Network Slicing Customization

Latency
Throughput .-
$ A
. | [ \
/ \\ o |
Guaranteed QoS5 ) ‘ )
\ ”f T ..
| J
’f”... III1_ ..
‘: _______ .__‘J.-

Reachability

Massive Connectivity

Maobility

Data Security

Energy Efficiency

Network Capability

« Latency

« Data Security

« Energy Efficiency

« Moaobility

« Massive Connectivity
« Reachability

« Guaranteed QoS

« Throughput

*GSMA Introduction to Network Slicing



Network Slicing Customization

Network Services Big Data
+ BigData i
_ ID/Asset Management - ’JI 13 . Partner Integration
+ Partner Integration / e . '
L R ]
* Localisation / /v . ; . _
. .- 1\ ) P \ ..
* Edge Computing . _ / 7N\ \
Platform Security —H ; ; 4 Localisation
» Cloud Storage \ \ ‘. N ' ;
. : ' v \\
* Dynamic Charging \ Y& »
! — % ,z
+ Platform Security \ \ ! y
Dynamic Charging \ S Edge Computing
1
» |D Management 3‘

Cloud Storage

*GSMA Introduction to Network Slicing



Network Slicing Challenges

— Resource management/sharing among
slices

—|solation among network slices

— Life-cycle management of the network
slices

— Security aspects

—Slicing in wireless part (virtualization of RAN
functions)



5G Advancements

New Architecture
» Advanced core network functions / NG RAN
» Incorporate SDN/NFV (NFV MANO)
» Decupling of control and data plane
» Decupling of functions from the hardware
Network Slicing

» eMBB, URLLC, mMTC | 8 subclasses pes slice
type

New Radio (NR)
» RAN protocol stack (+SDAP)
» New numerology for the PHY compared to LTE

Massive MIMO
» Multiple antennas and beamforming
Functional Split

» gNodeB Fronthaul Central, Distributed and
Radio Units (CU, DU and RU)




5G New Radio Spectrum Range

Spectrum for 5G/NR ¥
Extension to higher frequencies including millimeter-wave spectrum
4G
5G
o 1GHz 3 GHz 10 GHz 30 GHz 100GHz
— Lower frequencies for wide-area coverage
— Higher frequencies for very high traffic capacity and very high data rates
in dense deployments
Spectrum for 5G/NR
Specified frequency bands
708 MHZ 3.3-4.2 GHz 4.4-4.9 GHz 24-29 GHz 37-40 GHz
1 GHz 3 GHz 10 GHz 30 GHz 100 GHz

Frequency range 1 (FR1)

Frequency range 2 (FR2)



5G New Radio Duplexing

Mainly unpaired spectrum

Mainly paired spectrum

--- 4 + 4 + 4 ---

1 GHz 3 GHz 10 GHz 30 GHz 100 GHz
Paired spectrum (FDD) Unpaired spectrum (TDD)
1} 13} k"g")
ey p— | =W Em \,,.
= h——= Em EEm ) |

Main focus on TDD



5G New Radio Duplexing

FR2(mmWave)

T
24.25 26.5 27.5 29.5 37.0 400 435 52.6
28.5

e~ Frequency [GHz

1850 - 1910 MHz

1710-1785MHz 1805 - 1880 MHz 405-435GHz  405-435GHz  TDD
EDD 824 - 849 MHz 869 - 894MHz 3740GHz | 3740GHz

2500-2570MHz 2620 - 2690 MHz 275-2835GHZ 2752835 GH2

880 - 915 MHz 925 - 960 MHz 27 3&35 i L1340 GH‘Z

832 - 862 MHz 791~ 821MHz
703 - 748 MHz 758 - 803 MHz

TDD TSNS 249 -2690MHz 2496 - 2690 MHz
P 1432-1517MHz  1432-1517 MHz
1427 -1432MHz 1427 - 1432 MHz

1695-1710MHz 1995~ 2020 MHz



Sub Channels Logical Number

Comparison with 4G

D Burst &1

DL Burst #2

k+2 |

VI 64 WAN | BEEsEi]

i r 2 i iy
G Zla S




Generic Frame Structure

LR N 'K k+l k+2 R R

“ao
“-se

cp Symbol

@ >
- -

Tép = 5.21,4.69 usec Ty = 66.67 usec

v




5G New Radio Carriers

Up to 5 carriers

e MM

Up 10.2-0 MHz
Up to 16 carriers

v I

Up to 400 MHz
LTE NR
— Per carrier bandwidth up to 20 MHz — Per-carrier bandwidth up to 400 MHz
— Minimum carrier bandwidth: 1.25 MHz — Minimum carrier bandwidth: 5 MHz
— Carrier aggregation up to 5 carriers — Carrier aggregation up to 16 carriers LTE . ) NR . )
< Maximum bandwidth: 100 MHz e Maximum bandwidth: 6.4 GHz (1) = Dawmiink Sopveritional GFDI ~=*Dolmiink Carsntional OFDM
— Uplink: DFT-precoded OFDM — Uplink: Conventional OFDM or

— Asingle numerology with 15 kHz DFT-precoded OFDM
sub-carrier spacing — Flexible/scalable numerology
— 15kHz, 30 kHz, 60 kHz, 120 kHz
— Correspondingly scaled symbol length

15 kHz 15 kHz 30 kHz

60 kHz 120 kHz



5G New Radio Numerology

. b
Tra'all‘:lfrarn.lgI 10ms nc:fm e H:;mium.“t}-l

eoe| I I Jess 1= S s &
k=[12 - Npgg(size, ji)] -1 "
T subtrame = 1 M5 :
- [ N |
o |+ 12 s [ o0 s [l -]s]5>] 5
1= ---.-_.________._“-._-". E j
15 Kz _ w=0 —— v <
'*: (ki) . . 5 3
1 "-,_‘“ W W E E
=l - L] =
g BN 8 8
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- v
LI 1] ~

I
i
B .
=
"
P
1 PRE

60 KHz
‘ 1° St = ¥ Sat == 3* g 4" Shat
120KHz |1|||||||||||||||||||II|||||IE||||II|I||||||||t|II|II|I|EIJII|II k=3 }

: 1* Shot z'slut I'SI-u! 5 St E Sl .rﬂuul B Skt
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5G New Radio Numerology

10 ms Frame "

- »
Numrology 1 ms sub frame
0 15 KHz
1 30 KHz
2 60 KHz
0.125 ms
3 120 KHz
0.0625 ms
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Generic LTE Frame Structure

Trrame = 10 ms
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5G New Radio Numerology

1 ms / slot

15 Khz

0.5 ms (500 us) / slot

30 Khz

0.25 ms (250 us) / slot

60 Khz

0.125 ms (125 us) [ slot
< 38.211 - Table 4.3.2-1 >

N H Nams NEzmu Nppame. st
¥ T L 0 1
o 1 13 T
o 7 i) a0 T
3 12 30 ]
T i 160 16

0.0625 ms (62.5 us) / slot

240 Khz
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4G vs 5G Resource Block

—— One Radio Frame = 10 ms ——»,

1 ms |

Slot 0 |Slot1 | Slot2 ‘
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Resource Element,
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Resource block
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Resource Block, 12
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15
kHz

30
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60
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120
kHz

5G New Radio (Protocol Stack —

PHY Layer Functions

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

(frequency-domain))

Layer

Flexible slot format (mixed DL UL)

SUBFRAME
1ms

SLOT
14 symbols

SLOT
14 symbols

1 ms

SLOT
14 s

[

SLOT
14 sym

[«

500 ps

250 ps

»

Subcarrier Spacing (p)
0

15 kHz

1
30 kHz

2
60 kHz (normal CP)

2
60 kHz (extended CP)

3
120 kHz

4
240 kHz

5
480 kHz

1)

Number of OFDM Symbols
per Slot (N3o,)

14
14
12
14
14

14

Number of Slots per
Subframe (NS:2ITamett)

Number of Slots per Frame
( N frame,y)

slot

20
40
40
80
160

320



Sub Channels Logical Number

Comparison with 4G
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5G New Radio Frame Structure
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5G New Radio Frame Structure

NR is the same as 4G

Subframe Subframe Subframe Subframe Subframe Subframe Subframe Subframe Subframe Subframe
0 1 2 3 4 5 6 7 8 9
oA T0E One Radio Frame: 10ms oA TR
Ay —
e e -y T I X I X Y Y X X I Xy e ey
Comparison l -
Schedule Unit LTE-SubframeREL U Siot S
Slot Slot l 30 KHz 0 1
C Slot Slot Slot Slot
" 60 KHz 0 1 . 2 3
ISubframe Structure LTE-2 Slot . ok Slot Slot Slot Slot Slot Slot Slot
i Zl o 1 2 3 4 5 6 7




5G New Radio Slot Formats

<38.213 v15.7 -Table 11.1.1-1: Slot formats for normal cyclic prefix>

D : Downlink, U : Uplink, F : Flexible

Symbol Number in a slot

[aliaRialialialialiaiiajial




Slot Format Examples

DL-heavy transmission with UL part
Slot (e.g, slot format 28)

Slot(e.g, slot format 28)

D pbpp/ppppbpp/pp pffflvippppbpp/pp ppp/p b f]v

UL-heavy transmission with DL Control

Slot{e.g, slot format 24) Slot{e.qg, slot format 34)

Slot aggregation for DL-heavy transmission (e.g, for eMBB]

Slot{e.g, slot format 0) Slot (e.g, slot format 28)
D pbpbp/ppp b bp/pbpbp/p bbb bbb p bbb p@v

Slot aggregation for UL-heavy transmission (e.g, for eMBB)




» New Architecture
» Advanced core network functions / NG RAN
» Incorporate SDN/NFV (NFV MANO)
» Decupling of control and data plane
» Decupling of functions from the hardware
» Network Slicing

» eMBB, URLLC, mMTC | 8 subclasses pes slice
type
» New Radio (NR)
» RAN protocol stack (+SDAP)

5G Advancements

» Massive MIMO

» Multiple antennas and beamforming

» Functional Split

» gNodeB Fronthaul Central, Distributed and
Radio Units (CU, DU and RU)



2T2R

This is a 2T2R antenna which
can do 2x2 MIMO (Low
Capacity)

Massive MIMO

4T4R
This is a 4T4R antenna which

can do 4x4 MIMO (Medium MIMO antenna which can do

Capacity)

16T16R (Massive MIMO)
This is a 16T16R Massive

4x4 MIMO (High Capacity)

=)



Massive MIMO

Beam-Forming Mechanism

Smaller Array Size

A smaller number of Tx elements
can generate beams with bigger

Massive MIMO (High Tx/Rx)

beamwidth. So they are good in
cases where we want to cover
wide spaces with minimum cost

Bigger Array Size

However, as we add more Tx elements,
the beam gets narrower. But the beam
also gets more directional.

X [X X | X |X [X|X |X|X|X




Massive MIMO




Massive MIMO

Zone with high interference
As beams are much wider so
they will have more

interference and users will
get lower SINR and lower
throughput

Low Interference
As beams are more
directional and there is
minimum overlap of the

beams between different
cells so the interference will
be lower & SINR/Throughput
will be higher

Normal Radios

(o) (o)

[ S

(o) (o))

Massive MIMO Radios

Less interference



Massive MIMO

o Time CS| Feedback Indicating Beam#2
g >
= 20% @
] - ®
= s 30%
< |IE ®
4 £ O)
20% ‘ A \
= (3 ()
= ]
= |G
HE &
q - (o
2 ()
Blue and Green UE sharing resources so both of them
are now getting 80% resources - increase in capacity CSI Feedback Indicating Beam#10

Why not sharing frequency also for Orange UE?



Channel State Information

X
4040, CSI Feedback
‘ CSI Feedback has three parts
. . - Rank Indicator (RI)
’."“ - Channel Quality Indicator (CQI)
».‘. - Precoding Matrix Information (PMI)
b.".‘ CQl Estimation
Use SINR to convert to CQI
——
ET
Signal
—Em
From a known codebook,

' find a precoding matrix
PMI Estimation that provides the best SINR
Choose the PMI with Max Gain

* RI decides how many simultaneous data streams the gNB should send
« PMI selects how to map those streams onto antenna beams
« CAQlI tells how aggressively to modulate and code those streams



Massive MIMO

How To Choose The Beam

The UE needs to tell the 5G cell about the best beam
This can be done by using CSI feedback

The CSI Feedback carries PMI information which has
two important components - i11 and 112

» The i11 is used to tell about beams in azimuth
direction while i12 is used to tell about beams in
vertical direction

Y V VY

Horizontal Beams Vertical Beams
i11 i12

i11=5, i12=6
» X

i12

i11=5, 112=0

>

U2

O

CSlI Feedback Indicating Beam#2

®
@

|
(e)

A

-

@
©

CSI Feedback Indicating Beam#10



5G Advancements

New Architecture
» Advanced core network functions / NG RAN
» Incorporate SDN/NFV (NFV MANO)
» Decupling of control and data plane
» Decupling of functions from the hardware
Network Slicing

» eMBB, URLLC, mMTC | 8 subclasses pes slice
type
New Radio (NR)
» RAN protocol stack (+SDAP)
» New numerology for the PHY compared to LTE
Massive MIMO

» Multiple antennas and beamforming

Functional Split

» gNodeB Fronthaul Central, Distributed and
Radio Units (CU, DU and RU)




Functional
_ Distribt_Jted Centra_lized
S p I It Unit Unit

Remote Radio Head

11
Introduction of the Backhaul b ' |
and Fronthaul network , (((l ',)) Fronthaul - Midhaul - Backhaul

The main challenge refers to

Mobile Core

Far Edge Data Center Edge Data Center

the RAN layer where the split
is performed




CU

DU

Network grel m
layer
PDCP
Data link RLC
layer
MAC
High-
PHY
Physical Low-
layer PHY
RF

Functional Split

Downlink
b=y

2

3

4

5

6 d ) r Low

; ! ~ RLC

7-3,7-2, 7-1

8

Packet Data Convergence Protocol

Radio Resource Control

4 w LOW HIGH

OSI Layer 1 - Physical OSI Layer 2 — Data Link Sl Layer 3 - IP
MAC Logical Link Control



PDCP
Data —*»

Retransmission
Buffer

—»  Numbering

High PHY

Code
Words

Functional Split

TP comprin P

4—— RateMatching €——
Code coded
Words Block

High PHY

Ciphering

——

Add PDCP
Header

High RLC
Retransmission
‘ Buffer
ﬂ’ Tmmm Segmentation
Low MAC
Controller Scheduler =
i,
Transport
Blocks




Functional Split

< Lower Bandwidth Higher Bandwidth -

«

7-2x oRAN
3GPP Splits
TR 38.801
Latency
Scalability
High Layer Split Double Split
Low Layer Split
Advantages Disadvantages Advantages Disadvantages
. . i Advantages Disadvantages
¢ Drastically reduced *  CoMP extremely 2:;':18 :;gnhdwi dth
Bandwidth complex or impossible virtualized and Latency * Ideal for CoMP *  High Bandwidth
* Ideal for non-mobile *  Complex and . Optimal FH (Mobile) *  Bandwidth scales
FWA Expensive RRH (size, for Mobile Faatiifermant *  Cost Effective RRH with Antenna
*  Llatency tolerant, can power, cost) and URLLC q Ports (8,7-1)
run long distances o Feduced *  Verytight latency
*  Processing in RRH Cost requirements
means uRLLC 2 Good
Scalability




@ Data (IP+Network)

(3

Radio Access Network

Core Network

Air Interface

)
i

Most Common
Split-8 Implementation
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Split-8 for 4G

v

R

LTE RU ((K>)

Functional Split

) :
------------------------------------------------------------------------- Split-2
RRC
-,I.'i!l,- cu
split-8forsG | F1 split 7 / split 7.2x | F1 |1

5G RDU MAC 5G Small Cells

MA - . A
C bu C Integrated mmWave

—_— R —

I

NR RU ((‘A’” oRU/NR RU “‘A’D

‘o
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Functional Split
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Functional split options
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ZXOAH SETIEOQN EMMIZTHMON
TAMHMA TAHPOE0PIKHE & THAETITKQOINGNION

TOMEAL ETHEOINONION EAT ETIESEPTAZTAT CTHMATOZ

Eemrepfprog 2025
Avaprswo sEETaonc 2 OpES

Kivnta ko Acvppota Aiktoa
OEMATA EZETAYEQN

Ozna lo

Avaloapfavers v evafabuion ™o actpuotnc dutbwmons oto The Mall Athens. Qzopavios o
Fextvare omd To undsv (oVTIKOTOSTOON TOU DEOPYOVIOS OMKTUOD), MUPOVCGLOCTE LE TN
LUETOADTEPT SLVOTY) ASTTOUEPELY, G0 EVOALUKTIKES ADos1c, pia pe ypron WiF1 ko uio pe ypron
5G vmodouns, SMKSVIPOVOVTIOS OTO  TEYVOAOVIKG yopoxkTnmotkd wxabs Adonc omms
gu{nTNonKoy oTo puabnuo, Kot TL 0T TPOCEEPOUY GTI CUTKEKPILEVT] TEpinTeoT, ue faon 1o
avouevousvo pueyeboc ko sidoc TAsmotvaviak S kivnonc. Katainits o mhsoveKTuota Ko
LUEIOVEKTHLLOTO K0l TH 61K oo mpoTocy] viomoinon:c. Kabos dev sivol duvatdv vo Eyouls wo
OLKOVOLUKY] UEAETY), Ut ACPETE LIOYT TOV TOPEYOVTC TOL KOGTOUL.



To xevrpo £yst covolikn emoedvain spumopikn: expetaiisvons 60.000 m? mov dwywpileton os 4
emimeoo kot owBeter 220 wotaomuata, ue 2.300 gpyalopevous won 2.070 Béosic otdabpsvonc.
LTOVS TPEL; MPOTOLS opoQov: Pploroviol SWTOPIKE KOTUOTILOATE OAMY TV S100V Kol OTO
tehevtaio eminedo guiofsvoivvion mn:-:mp*nsg oy ml.ru}rn,_, 0TS mxﬂpm:cwpuq:rm j.L'.IIDDUﬁ.,I"."‘r"h’_
SCTITOPLE, KOUPETEPIES, SCTIOTOPMA Teyveayios. To KTiplo vo SeTpEYEToL ad QUpPOEls AVETOUS
dradpopovs (ehdyioton miatovs 8 m) - foviefdpTo, SMOKOTUNUEVO GO CUGTAOES KOADVEY Kol
(A0 OPFITEKTOVIKG GTOUYELN, ETCL MOTE VO OVITTOPAYEToL oTov melo emoKETTY 1 aictnon on
KIVELTOL OF £V CUYYPOVO SLPMITeind sumoptko opouwo. H sicodoc, ot duddpouotl Kuxhopopios
nelov, oL mhateiec ot 4 yovies xdbs opooov, o1 KLAMOUEVES TKOLEC EMKOVEVINS TV EMUTESMY
Kot 101e: TO VOTIO GO ToU OIOTEASl vl TEpAcTIO umaixovi ue Bea oto O AK A kot ota
Tovprofovvia, Soxocunuévo pue petatiwd tofo (evapopd ot otod meldov Tov Kohotpdafeo).
EIVOL GYEOCUEVE MC VO CLTYPOVO ooTKO mepifdiiov, M7 £vo HIKTLO KOWOYPNOTWY J@poyY
OV GmodidoVTol oTov: melons ¥pNoTes Tov Kevipov. To viakd mov dsomolovy GTOVC YOPOVS
QUTOLS, efvol To SUA0 OTol NEToMo, o avolgid@mToc ydivfas, To LETAARO KOl TO YoLOAL OTIC
MUPOCTADES, GTIC KOAOVES, KoL OTLS avTpidec. To Dyt TV KOwoyproToy Yopay, o EEmepvony
o 20 m, emTpemovy pio KobeToTNTe OTO avamToyud T BE0c, £T01 MOTE O EMUOKETTIS VI £XEL
CUVOALKT KABETH LOTIL GTOVS OpOQOLL KOl KUPLmC o1 YmPOoL Vo TPOGPEPODY GVECT] Kol Ui
suydpoty avaco . Or ghevbspol 20OTEpIKOL KOWOYPOTOL YOPOL GYEMACTIKLY I CVOIKTOL
Erevalovrol amo Evo vEO TOADKOPPOVIKO VAKO OV KOADITEL TOVS YOPOLS KUKAOPOPIOS Kol
E0TILON G G UEYAAD VYO, £TCL (OTE VI EMTUYYOVETOL QUOIKOS poTEIouOC Kot v sfacpoiilston
1 GVEGT TOU UEVOAOD ECGMTEPIKOD uqmu-i Trv oiobnon avty Ponbd n Kanoxkot) ddtaln oy
EMMEGHY, ETOL OTTE UE MOGOYIKES VIOYOPNCELS TV CTEYUGUEVEY FOPEY oV eminedo, amo wabe
OpOQO VO DITAPYEL OTTIKY EMOQT OAmv Tev TpocPaoipay onpsiov. IToapd ™ peydin dounom, o
KTiplo dwpeiton o 4 meproyes, ModpoUES CITO TOVS KOWOYPOTOVS YOPOLL, ETCL MOTE O YPHOTN S
vo, evTiropBaveton Ko vo mpocAaufavel Ty swova pepovs Tov kTipiov. H mopokdto swova
2tvOU EVOEIKTIKY Tov TepifdiiovTos spopuoyhc.
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