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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)




Network Function Virtualization

ey COTS Server

=,

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 J [ Subscriber J Virtualized
Elements eg AMF Management eg UDM Network
- User Plane Elements Billing and Policy Functions
&€ eg UPF Control eg PCF
]
- S & 5
& 8
58 [( N
> -§ NFV Infrastructure
é o (Including Virtual Switching)
COTS Server
(Computing Resources)
AN J
- Flexibility

« Scaling through software

« MANO in needed

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



Network Function Virtualization

i | Independent
Classical Network Appliance & bdane dact
Approach o | |t | [ ||

Vmul -"7 v,,“m o3 anl e

Message
Router

Orchestrated

DN Session Border WAN
automatic &

Controller Acceleration

-m

Firewall Carrier Tester/QoE
Grade NAT monitor

Iim@

SGSN/GGSN PE Router BRAS Radio Access
Network Nodes

remote ins wh

Standard High Volume Servers

Standard ng! Volume Storage
k(T

* Fragmented non-commodity hardware. Standard Hi gh Volume
* Physical install per appliance per site.

* Hardware development large barrier to entry for new Ethernet Switches

vendors, constraining innovation & competition. Network Virtualisation
Approach
Fewer platforms More flexibility More efficient use of resources

Use less power SLAs needed



Network Function Virtualization

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

-
ETs| .

World Class Standards

NFV

Function Abstraction
Automation Orchestration
Isolation & Resounce Pooling

- _
a 5 ~ ,Vlrtual >
/ \

OF NG ization I

SO S 3

- -

SDN s Cloud

Networking Abstraction Computation Abstraction
OpenFlow OpenStack
7 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
compue I LS Orchestration

Virtualisation Layer

Physical Physical Physical
compute memory network

Hardware resources




Network Function Virtualization

VIITuUalnscea NCIwWOrK runcuons

VNF

VNF

VNF VNF

[

1

VM VM VM
(VNFC) i (VNFC) | (VNFC)

Virtualised Network Functions (VNFs)

VNF VNF VNF VNF VNF
NFV Infrastructure (NFVI)
Virtual Virtual Virtual
Compute Storage Network
Virtualisation Layer
Compute Storage Network

Hardware resources

ATNEY

Management
and

Orchestration




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
eSupport 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

( NFV Management and Orchestration\
Os-Nla

Service, VNF and

Infrastructure
Description

Or-Vi

/ | NFV
OSSIBSS J Orchestrator
— Or-Vnfm
Element managers
=
EM1 EM2 EM3 Ve-Vrém
H L v IJI
—+ = o ' Manager(s)
VNF 1 VNF 2 VNF 3
1 Fvn-Nf 1 - Vi-Vnfm
NFVI - = =
Virtual Virtual Virtual
Computing Storage Network
2 7, Nf-Yi Virtualised
Virtualisation Layer l | Tnfrastcture
ViHa [ Manager(s)
Hardware resource:
Computing Storage Network
Hardware Hardware Hardware

e—= Execution reference points

l

Other reference points

\t Main NFV reference points

4




5G Architecture

Taking advantage of MANO

NFV Management and Orchestration

0Os-Ma o
0SS/BSS } '
DSBS : Orchestrator
-+ Or-Vnfm
—
IM1 EM2 LM 3 Ve-Vnfm ; Service. VNE and
i : 2 + /NE Infrastructure
& _E i Manager(s) Deseription
VNF | VNF 2 VNF 3
1 T, ) 4
1 1Vn-Nf 5 =+ Vi-Vnfm
NFVI A
Virtual Virtual Virtual
Computing Storage Network
NE-Vi Virtualised Or-Vi
Virtualisation Layer | } Infiastruotuie :
Vl-Ha l Manager(s)
Hardware resources

Computing Storage Network
[Hardware Hardware Hardware

o—= Exceution reference points

| Otherreference points

== Main NFV reference points

Virtualized Infrastructure Manager (VIM)

Manages life cycle of virtual resources in an NFVI
domain.

* That s, 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

NIV Management and Orchestration

e—=» Exccution reference points

Olher relerence poinls

Os-Ma
0SS/BSS NEV
U Orchestrator
-+ Or-Vnfm
= ' N
| LM 1 | | CM2 | | M | Ve-VVnfm . Service VINE and
£ —+ —_ f (NE 4 Infrastructure
: i i Manager(s) Deseription
VNF | VNF 2 VNF 3
; 1 Fvn-Nf | J
PORET Y e e
Virtual Virtnal Virtual
Computing Storage Network
P NE-Vi Virtualised Or-Vi
| Virtualisation Laycr } Infrastructure {
Vl-Ha I Managen(s)
Hardware resources
Computing Storage Network
Hardware Hardware Hardware

== 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

(| )
Os-Ma
OSS/BSS
DSBS Orchestrator
\_ - Or-Vnfm A
—]
‘ IM1 | I M2 | | IM3 ‘ Ve-Vnim . SR
; i } (NE Infrastructure
i Wz H Manager(s) Descriplion
VNF | l VNF 2 VNF 3
: I }‘/“' I =+ Vi-Vnfm
PORET Y
Virtual Virtual Virtual
Computing Storage Network
——— NE-Vi Virtualised Or-Vi
| Virtualisation Laycr I } Infrastructure :
VI-Ha I Managenr(s)
Hardware resources
Computing Storage Network
Hardware Hardware Hardware
—= Exceution reference points | Olherreference poinls — —mpe 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

v
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NFV Management and Orchestration

NFV
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~ 1
S " Service. VNF and
Infrastructure
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Example: Open Source MANO

Dpen Source =P ts (] 119 O User (instructor1)
MAND Tojects (projec ) ser (Instructor

B8 Dashboard 8 Dashboard > Projects project19

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

practica2 o project33 =
kubernetes =
project16 =

& O0SM Repositories
i WIM Accounts

ADMIN

B Projects
Users

L =

2 2

NS Packages VNF Packages VIM Accounts

NS Instances VNF Instances SDN Controller




Example: SONATA Platform

Development | Orchestration
i e [ L e
[ SONATA SDK oy i SONATA Service Platform :
1! | i
I - i MANO Framework !
I P N o |
i i ! i = E NFVO (Network Service Management) [ VNFM (VNF Management) i !
! E '
+ PR ! H 1 l
} | Packaging Tool I T - ; - oo [ ] | S R F
i i = H 2 - P ' £
! Debugging & Testing i I g : S Sllsll 2] : §' | £ £ i :
; Tools [P 5 ! N E R = | &[] & 7
L o I I~ : E 3|l 2 ¢ R i
: — = = : B b 2 » ;
I'| Monitoring Data Analysis | | | i = ' I Message Broker I Message Broker E & ?:: . I Message Broker I Message Broker & ' 2 E, 2 !
I Tools il ' s||lE|l=] ¢ S lE||E 2 !
! H i ' Texecutive] Temecutive] 8 "g g1 E Texecutive] Teecutive] |8 s 8 :
| | Catalogue Access | 1 i i | Service Lifecycle Service Lifecycle E A | B VNF Lifecycle VNF Lifecycle S VL= 5 E
{ o i : Decision Execution o Decision Execution ' = :
Yoy I .
s || O e " i l —  — 3 .
rivate Catalogues i
i 8 I T | { | Plugin Management | Message Broker | :
it S S N 1 1 I " i
N O e e 1 i i £
_ o i i Infrastructure Abstraction | Infrastructure Adaptor |:: | VNF Adaptor |: ]
Public Catalogues > i ._“:____- L ] Ji
L)

lnfras tructure

Service Users



Nnssf

NEF

Fnet

N1

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

e Set avirtual 5G network
e Control the reuses of the network

Meusf

Uu

Nnl

Mz

UE

NG-RAN .

4
o O

NFV Management and Orchestration

Service, VNF and
Infrastructure
Description

Or-Vi
|

Os-Ma
NFV
L] / |
" il : Orchestrator
- Or-Vnfm
 —
EM2 EM3 Ve-Vnfm
VNF
H ]
\ I Manager(s)
> e e VNF 3
1 TVn-NF 1 —+ Vi-Vnfm
N & ©
Virtual Virtual Virtual

Computing Storage Network

— NF-Vi Virtualised
Virtualisation Layer } Infrastructure
Vi-Ha I Manager(s)
: Hardware resource
ekl | Computing Storage Network
Hardware Hardware Hardware
o—=o Execution reference points . Other reference points == 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”

" 5GRAN ] ( potse
"

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

I" I I

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



Semces Services Semcss
#1 49 #3

l

"Jlrtual -—-—--':-"*——"‘——"—--—— -

: s, - Sl
- ’ .l. .. ' ® m ) j
: 'vu'-""* rrr node
muﬂ!‘ ua;-t"-"rk q;ﬁuﬂ"' [ : manager (VM)
@ —y ; ' Vifual \
{ ’”uai H M"Tu.aj 1
. Virtual node i firak ]
:\ s \® Virual node P

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



Large 5G Network Building Blocks

bandwidth

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

bands Virtualization in
é) RAN and Core
Beamforming

and MIMO
Flex‘ble frame O ---------------------------------
structure

Split architecture |

Ed t
ge computing Network slicing



Network Slicing Evolution

Services Dedicated Core 5G Network Slicing
Networks
Multiple Services (APNs) sharing 4G Framework for Dedicated 5G Framework for Network Slicing
one MBB Network Core Selection based on UE based on Slice/Service Type (SST)
Pre 3GPP R13 Usage Type 3GPP R15

3GPP R13/R14



Network Slicing Evolution

" | Communication
| Services

Network Slice Instance

1
. Network Slice Subnet Instance
J Core Network

TN Supporting

connectivity

] Access Network




5G Orchestration Framework

Network Slicing Management

Communication Service Management Function (CSMF):
responsible for translating the communication service-related
requirement to network slice related requirements.

Network Slice Management Function (NSMF): responsible
for the management (including lifecycle) of NSIs. It derives
network slice subnet related requirements from the network
slice related requirements.

Network Slice Subnet Management Function (NSSMF):
responsible for the management (including lifecycle) of NSSs.

NFMF: NF Management Function is capable of application
level management of VNFs and PNFs and is a producer of the
NF Provisioning service that includes Configuration
Management (CM), Fault Management (FM) and Performance
Management



NF Provisioning services

Os-Ma-nfvo

A NFV application

Ve-Vnfm-em

e ¢ - - -

NFV Orchestrator

(NVFO)

PNF

Ve-Vnfm-Vnf

—— TN Management

VNF
Manager
(VNFM)

Vi-Vnf

Virtualised
Infrastructure

m

Or-Vnfm

Or-Vi

Manager

(Vim)

" NFV-MANO



Independent Virtual Networks
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RAN Slicing

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

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

50 MHz Channel

: RAN Slice 2 : L. URLLC
: Network Slice fOI’ V2X AR PRARS G e ; Mln] Slot
o — A
- - ; ool 20 MHz Channel o

i Network Slice for IOT S ppbotn s Extended Slot



Core Network Slicing

~ User Plane Functions (Ex: UPF)
| sesmasesaey 3 - ",

Control Plane Functions

I
I
|
|
|
i
|

Session Policy Mobility Control ~ Subscriber Data Simﬁle low-cost High-performance

Control Control (AMF) Management processor processor

(SMF) (PCF) (UDM) e s S

— VOD Server o o Anpliatior

. . E ... S5, (Content ‘ Servers
: eMBB Slice : i cache)
2 I L0 BE
- URLLC Slic AR/VR Apps

Edge Data Center Local Data Center Central Data Center



Transport Slicing

UE3



U - - Network Slice

- Service Service Instance 1 Service Instance 2 Service Instance 3 : :

| oves st ervice Instance ervice Instance Life-cycle Management
Charging Security Reliability A

................................ _____ERN NFVO || OSS/BSS

: o Mobility : i Throughput : Security | :

: Network Slice :  Network Slice 1 i i NetworkSlice2 i i  NetworkSlice3 i i

inatanes Layer Seosmenitis. Riiitmmemecontastid| inmsae il | oo T

% i T VIM
- .ﬂ%.ﬂ?%“ﬁ ......... {E)E o 8
‘ Resource s, % D 7 €9
: Network Functions Resources
Layer : Network Slice Management Functions:
...................................................................................................................................................... i “Template Création
2. Instantiation
3. Scaling
4. Isolation of slices
5. Maintenance (Ex: Load balancing)



Network Slicing Customization

Latency
Throughput .
~ A
\\\ "" MY
g SN
f \\ . | \
Guaranteed QoS ) * ]
f” Sk '.
\ J
f”-l. .'1 ..
>
’ -
A e

Reachability

Massive Connectivity

* Mobility

T Data Security

Energy Efficiency

Network Capability

« Latency

« Data Security

« Energy Efficiency

« Mobility

« Massive Connectivity
« Reachability

« Guaranteed Qo5

* Throughput

*GSMA Introduction to Network Slicing



Network Slicing Customization

Network Services Big Data
+ Big Data -,",z .
_ ID/Asset Management - e i . Partner Integration
+ Partner Integration / o v '
L R ]
* Localisation / /v | k . .
i / ‘\ / AN | L
* Edge Computing . _ / 7\ \
Platform Security —H ; ; +  Localisation
» Cloud Storage \ \ ‘* N ' '
: : ' v \-‘
* Dynamic Charging \ < *
+ Platform Security \ b o J
Dynamic Charging \ S Edge Computing
1
+ |D Management ¥‘

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 + 4 - - -

1 GHz 3 GHz 10 GHz 30 GHz 100 GHz
Paired spectrum (FDD) Unpaired spectrum (TDD)
aa m o
ey p— | Em Em \M
= ——h—— R Em ) L]

Main focus on TDD



5G New Radio Duplexing

FR2(mmWave)

24.25 26.5 27.5 29.5 370 400 435

52.6
285 — Frequency [GHz

Hz

)5~ 1880 M 405— i ~ 43 5GH TDD
869-894MHZ L AT A bt I SR
FDD 37-40 GHz 37-40 GHz
2500 - 2570 MHz 2620 - 2690 MHz e e e
880 - 915 MHz 925 - 960 MHz 275-2835GHz  275-2835GHz
832 - 862 MHz 791- 821MHz
703 — 748 MHz 758 — 803 MHz

TDD WENIEENNN 249 - 2690 MHz 2496 - 2690 MHz
1432 - 1517 MHz 1432 - 1517 MHz

m- 1427 - 1432 MHz 1427 - 1432 MH2
10 1995~ 2020 M
617-652MHz




5G New Radio Carriers

Up to 5 carriers

e M

Up 10.2.0 MHz
Up to 16 carriers

v NN

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: 160 MHz < Maximum bandwidth: 6.4 GHz (1) — Downlink: Conventional OFDM — Downlink: Conventional 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

= I
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5G New Radio Numerology

10 ms Frame .

- »
1ms sub frame

Numrology
0 15 KHz
1 30 KHz
2 60 KHz
0.125 ms
3 120 KHz

0.0625 ms

4 240 KHz Slot |Siot [siot [Siot |siot [Siot |Siot [Siot |Siot [siot [siot |siot [Siot |siot [siot |siot |




Generic LTE Frame Structure

T{rame =10ms

k+1

-’__.-"-_. T,.d,mm,=1ms = "'~-_~_-
e “— T -
0 1 2 3 “ 6 7 8 9
0 1
o — T
i Tsi0e = 0.5 ms
OFDM Symbol
ot f— PR
0 1 2 3 5 6
cp Symbol

Tép = 5.21,4.69 usec

T, = 66.67 usec




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 >

E o ‘\'r:)?nb N;ﬁ;na. i ‘Nr;umbimne. i
S 0 14 10 1
o 1 14 1]
o p L a0 7
3 14 50 3
4 14 T60 16

0.0625 ms (62.5 us) / slot

240 Khz



Frequency

—Subframe —>!

4G vs 5G Resource Block

(€——  One Radio Frame = 10 ms ————

Slot1 | Slot 2 ‘
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Slot 19(S1ot 20

l One Subframe |
[ [ [ ]
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Resource Element,
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5G New Radio (Protocol Stack —
Layer 1)

PHY Layer Functions

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

 Flexible slot format (mixed DL UL)

SUBFRAME
1
ms Subcarrier Spacing (i) Number of OFDM Symbols Number of Slots per Number of Slots per Frame
15 sLoT pasia per Slot (N37%,) Subframe (Nbimemeit) (Nrame.n)
kHz 14 symbols 0 14 1 10
15 kHz
1 ms 1 14 5 20

30 sLoT Sl
kHz 14 symbols 2 14 4 40

60 kHz (normal CP)

500 ps 2 12 4 40
60 kHz (extended CP)
60 sLoT

kHz WIT 3 14 8 80
120 kHz

250 ps 4 14 16 160
240 kHz

5 14 32 320
480 kHz

[«

120
kHz

SLOT
14 s

[

(4]
=

»



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

[alifalialialiafyalialiajia)




Slot Format Examples

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

D ppp bbb b bbb bfffluppppbp bbb bplp/p b plf@v

UL-heavy transmission with DL Control
Slot(e.g, slot format 24)

Slot{e.q, 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]
DDDDDDDDDDDDDDDDDDDDDDDDDDU

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




5G New Radio Frame Structure

PRI RN RS

e

2
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[ sFo T SF 1 I SF2 T sF3 | sFa 1 SF S | sfFe | SF7 I SF8 T sF 9 1
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Sub Channels Logical Mumber

Comparison with 4G

D Burst &1

DL Burst #2

k+2 |

eV 65 QAN | BoEtsaiy
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» 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 B st

3« .)

Massive MIMO (High Tx/Rx)

Smaller Array Size

A smaller number of Tx elements
can generate beams with bigger
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 CSl| Feedback Indicating Beam#2
g >
= 20% @ \
4 @
) (&}
3 | I
v | ®
H & @
= | IR ( o ’
20% ‘ 4 \
e ¢ @
= O
= |3
e ®
3
= Blue and Green UE sharing resources so both of them SR
are now getting 80% resources - increase in capacity CSl Feedback Indicating Beam#10

Why not sharing frequency also for Orange UE?



Rank Indicator (RI)

Massive MIMO
CSI| Feedback

CSI Feedback has three parts

Channel Quality Indicator (CQl)
Precoding Matrix Information (PMI)

;

Sig

g PMI2

it

CQl Estimation
Use SINR to convert to CQI

CSI-IM

3

Sinrl

Sinr2

Sinr3

CSI-RS

h 4

Sinrd

A 4

PMI Estimation

PMI

From a known codebook,

find a precoding matrix

that provides the best SINR

Choose the PMI with Max Gain

(t2)



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 i12

» The i11 is used to tell about beams in azimuth
direction while 112 is used to tell about beams in
vertical direction

Y V VY

Horizontal Beams Vertical Beams
i11 i12

) i11=5, i12=6
i11=5, i12=0
» X

>

i12

0
]
i1

®

M2

CSlI Feedback Indicating Beam#2

®
@

|
(e)

A

r Y

@
&

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
_ Distribyted Centra_lized
S p I It Unit Unit

Remote Radio Head

1
Introduction of the T, l
Backhaul and Fronthaul , (((' ")) Frontitaul - Midhaul - Backhaul

network

Mobile Core

Far Edge Data Center Edge Data Center

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




CU.

DU

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

Functional Split

Downlink
g

N o B W o

i | - Low

7-3,7-2, 7-1

Packet Data Convergence Protocol

Radio Resource Control

s w Low HIGH

OSI Layer 1 - Physical OSI Layer 2 — Data Link 0Sl Layer 3 - IP
MAC Logical Link Control



Functional Split

High RLC Low RLC
Lt RLC Control
PDCP ; : jic d
Dot b I e a S ome e M Eh e Y, e,
High PHY Low MAC
Controller Scheduler =
CRC DL-SCH

< Data Transfer ¢ fans

s <4—— RateMatching ¢——  Coding+ e
Code Coded
Words Block




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 Sl
. . i Advantages Disadvantages
*  Drastically reduced *  CoMP extremely E:Js;ar:m :;gr:iwi dth
Bandwidth complex or impossible virtu:yalized and Latency +  Ideal for CoMP *  High Bandwidth
*  Ideal for non-mobile *  Complex and « Optimal FH (Mobile) *  Bandwidth scales
FWA Expensive RRH (size, for Mobile requirement *  Cost Effective RRH with Antenna
+ latency tolerant, can power, cost) and URLLC Ports (8,7-1)
run long distances B Radbead = Very tight latency
*  Processing in RRH Cost requirements
means uRLLC s Good
Scalability




@ Data (IP+Network)

(3

Core Network

Radio Access Network

Most Common
Split-8 Implementation

JERC

Backhaul Al I

RRC

@ Data (IP$Network)

()

Radio Access Network

Core Network

Air Interface

)
i

Small Cells

ERC

Backhaul s

El" )

Integrated
Base Station

<|=

UE

MAC e
& Air Interface l )
. Ry
UE
4 .
@ Data (IP Network) Spllt'7
EPC
Core Network A A
Backhaul 1
B 4 -
(@YD) [ TR
Radio Access Network .a.m . GO7ED
S
THi-PHY
Fronthaul i
Air Interface I
RU
' o

-
Data (IP Network)

Core Network

% Air Interface

Split-2 | 5G/NR
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Split-8 for 4G

v

RF

LTE RU ((A’))

Functional Split

X2 .
---------------------------------------------------------------------- Split-2
.'_,. ~0 cuU
Split-8 for 5G | F1 Split 7 / Split 7.2x | F1 |F1

VGO <« ou ——

R — | RLC
G 5G Small Cells
MAC I:tegr:aDt:d mmWave

—_— Rl ——

I

NR RU «‘A”) oRU/NR RU “‘A”)
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Functional Split

180

160 Network recl @
layer
140 o A 1
w
o 120 O PDCP
O )
100 -
= Data link RLC |— 3
8 g0 layer
£ ==y
@ % MAC |— 5
40 6
High-
20 PHY
0 . .I .I ml mu | 1 | - - - - - - D . — 7_33 7_27 7-1
8 71 79 3 p s 4 r 5 | A Physical Low-
. ) ) Y layer PHY
Functional split options —_— 8
mDL mUL RF

M. Agiwal, A. Roy, and N. Saxena, “Next generation 5G wirelessnetworks: A comprehensive
survey,”I[EEE Commun. Surveys Tuts.,vol. 18, no. 3, pp. 1617-1655, 3rd Quart., 2016.



Napadeypa Bepatwy e€etaonc

OQfupa lo
Yuykpivete ta cvotipata 802.11 (WiFi) kot LTE o oxéon Me TNV Topoxn
Molotntoc Ynnpeoiac.

OQ&upa 20

Moo (novo ¢€va) Oewpelte TO TIO ONUOVTIKO VEO TEXVOAOYLKO
XOPOKTNPLOTLKO TwV SIKTUWV 5G og oxéon pe ta diktva 4G; Altlodoynote
TNV anavtnon oog (vo eloTte CUYKEKPLUEVOL).

OQfupa 30

Muwat umnpeoia MOAU oUOTNPWV OMALITACEWV KABUOTEPNONG TIPETEL va
otnOel mavw armno diktuo 5G (m.x. eyxeipnon €€ anootacswcg). EEnynote nowa
HEpN Tou Olktvou (toéco oto OiKktuo KoppoU Oco Kal TpooBaonc)
EUTTAEKOVTOL KOLL TTWC, WOTE Va TtPoodePBEL N CUYKEKPLUEVN UTINPEDLAL.
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