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Connected driving

— C-ITS (Basic/Advanced)
— Autonomous Vehicle

Traffic management
— Transportation
— Fleet management

Infotainment




Industry transformation and'5G

Traditional Industries

0 & v 24 DeVIces

Transformed
Industries

Digitalize & Mobilize

@ Operators & Network

Applications &@

2

-
ERICSSON
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Cellular IoT market outlook

Cellular IoT connection

by 2024 Securit
Payments ecurtty
Finance Industrial
Consumer
Connections
by 2024
Utilities

Automotive

Vs.

Source: Ericsson mobility report *Wide Area non-cellular IoT connection by 2024
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5G revenue potential from industry digitalization
by 2026

Retail Agriculture

Public safety Manufacturing

Media & Automotive
Entertainment
Finance .
Public
transport

Healthcare

Energy & Utilities

Source: Ericsson and Arthur D Little’s 5G revenue potential from industrial digitalization study
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Massive IoT continues to evolve Z |ow

Cat-M Converged
NB-IoT ot Requirements
“ ‘vs % ¢ (LPWA)

Coverage extension
Battery Life

(§/ D) .
Low complexity devices ¢ D’L"I ‘ IE] gng

Flexible deployment

5G ready Global adoption
>80 commercial networks in 40 markets —
both NB-IoT & Cat-M1 for diverse use cases -

Focus on wide area

5G technologies

For all industries Meet 5G performance and capacity
requirements fully co-existing with 5G NR

Multiple Industries
E and Use cases

Utilities — Smart metering

. Wearables — Health surveillance
Ensu red Long Ilfecyde Smart Cities — Smart sensors

Replace legacy 2G technologies Transport — Fleet management
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Massive IoT solutio
Managing fleets, :Si;'ens'or';shari eleaﬁt' s
'? ! T ; L,.] @5

(- - — ey ”il_

Al ik -

Evolution of GSM s ,: -
EC-GSM Ultra-low bitrate 14 \.

applications

eMTC 1.4MHz

Low to medium
bitrate applications

200KHz carrier

NB-IoT Ultra low-bitrate
applications




Broadband IoT (LTE-based) => C-\V2X

V2X A EH S 4l
(Direct links)

VX US4
(Indirect links)

— HAL S, 284

V2Networks

— Cie ME[A~ HZE

E2 A2 AR

OTT SEFE —  Zzec
IME=YPNE=IN, e.g. Waze, —
OEM 22tR E google maps C-ITS et E

(\6\@(' geve iy ! \‘}\\/\‘ éo
O(\e\’,,/ -biglll ’)O, ‘~~~
Oedl </ s~
N ,¢’ Nt ! \‘sA‘
/”,’ AVII ) \\\ﬁ ~~~‘~
& 7L ﬁ/. ol —
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LTE-V2X 7| 2

@
V2N (NW) over LTE cellular interface with
enhanced multi-cast for local distribution

V2P (Pedestrian) over
" optimized LTE cellular Uu
interface (up- / down-link)

&

—

O0OFD) — == =

V2V /2P over enhanced LTE
device-to-device PC5 interface
(sidelink)

V21 (Roadside Infrastructure)
over enhanced LTE device-to-
device PC5 interface (sidelink)



Direct (short range) Indirect (via NW)

V2N Vehicle to Network

V2V Vehicle to Vehicle

V21 Vehicle to Infrastructure

V2P Vehicle to Pedestrian
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V2V Performance £ ew
LTE-V2X sidelink vs. IEEE 802.11p

Reaction Time Braking Distance

~70s | ~2.5 s:
LTE V2X'> 370 m _____________ Estimated CAM message coverage range @ 90% reliability
140 km/h
140 km/h =802.11p
+100%%
802.11p~170 m B
Highway 140km/h, 10 CAM  Urban dense 15km/h, 2 CAM
msg/s msg/s
Reaction Time ! ' w
~1.8s Braking Distance
~25 S *R. Blasco, H. Do, S. Shalmashi, S. Sorrentino, Y. Zang, “3GPP LTE

Enhancements for V2V and Comparison to IEEE 802.11p", EU ITS Congress 2016



V2 X performance comparison

0.9

0.8

o
o

Average PRR
=]
n

=
.

=+fﬂ.ﬂ&r::u;u&t- PRR in (Distance-10, Distance+10]

",

it e
™ Y
s <=

Y
—— LTE multicast ¥
—+—LTE sidelink, centralized RA
—#— LTE sidelink, distributed RA
IEEE 802.11p
50 100 150 200 250

Distance (m)

Average PRR at 175 vehicles/cell (15Km/h) in
Urban Slow scenario at 5.9 GHz carrier
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Average PRR

Average PRR in (Distance-10, Distance+10
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T

p.2 | |—©—LTE multicast
—+—LTE sidelink, centralized RA
01+ —4— LTE sidelink, distributed RA
IEEE 802.11p

D 1 1 1 1 1 1 1 1 L AN
0 50 100 150 200 250 300 350 400 450

Distance (m)

-
>
ERICSSON

Average PRR at 54 vehicles/cell (140 Km/h) in

Freeway Fast scenario at 5.9 GHz carrier

@LG

*Wang Min, et al., “Comparison of LTE and DSRC-Based Connectivity for Intelligent Transportation Systems”, VTC Spring 2017



Of Z12= HIO} H| 2 |ew
O | c>|_f iﬂ-
19t C-V2X + LTE(Uu) 20k C-V2X + LTE 30 C-V2X + 5G
. @B = =1
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RSUAXZ n&FE G/W7|s
V2V: 59GHz C-V2X

V2I: 5.9Ghz C-V2X

V2N: LTE (infotainment)

MAHunsHE S
Crak A| ZHM (v2v/v2l J g
Al A 2| X| BHA|
RSU 7t EXH| 2
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LTELOCZ C-V2X YE =8
V2V:59GHz C-V2X
V2I/N: LTE (Infotainment + ' &)

QoS X1|01 X 2ok ofy
RSU =7t &XtHH| gl&

DEHE TS Al 7 K| LA
IH5A (19 ChH))

=

it

Vi

56 WO =2 C-v2x Y8 £+=8
V2V: 5.9GHz and/or mmWave C-V2X
V2I/N: 5G (infotainment + 1 &)

ZXX|H (short TTI, edge cloud,
network slice & 9—)
RSU 7= XHH| @12

HEAZ| =5

. e B0
: 4 t§]



3GPP 5G £ T AFS (

@LG

-
=
ERICSSON

DL: 30 bps/Hz UL: 15 bps/Hz
Reference to IMT-2020

Latency for infrequenct small packets RSN NG ole[d G

Mobility interruption time (intra-syst.) KAul

Mobility Up to 500 Km/h
Inter-system mobility Yes
Reliability (URLLC) 1-107in 1ms

inspection (Qualitative)

3 x IMT-A requirement

3 x IMT-A requirement

106/50 Mops DL/UL 1T

3 x cell edge IMT-A requirement
1,000,000 devices/Km?
Qualitative & Quantitative KPI

140/143 dB loss MaxCL (2/1(DL
)

IoT Coverage MCL 164 dB for 160 bps
Support of wide range of services RS
Reliability (eV2X) 1-10”in 2-~10 ms

eMBB Extreme coverage
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HE23A Xzt 2

— AL AAS
— EpOFR MBS A AR A A
— SLA X| 2l 5> reconfiguration
— g, 20oF
— ME2 AMH|AO| =M
— g0y
— Chey
Upgrade
21 A
H O
ARI/HHIA ZH S Y
— 23/
— ERAME S A|A R 1A N
=3/2E| 2] ARzt

|
IJHII

|
|
K

One network for multiple industries
— 0SS/BSS
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Applications and
services

IT systems and
platforms

Connectivity and
infrastructure

Z @G

ERICSSON

Users, content and devices

Service Service
platform producer
developer

Service exposure

Network Service Service
developer enabler creator

GIGA Korea "AMH|2 AILI2|2 70 AtY, HESRA THE”, 5G =H|0|X], 2017
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Functional and cross-domain RDs

Service/product governance

e, . [
' designand

lifecycle
management management

(¢ )

1-=]-=]-=}

I I Network slice governance
|

|

I

e|'f 2 T ‘€| Y Blueprints J Slice design
ifecycle | ; :
Network slices management and verification

fm——— — e m - i = \
! _ TRSEOHEI (G CEY '
: Access DM TERSEO ( ) (NFV/G-VNFM/VIM . _ I
I Access Transport I
I |

g Shared infrastructure/resources RD
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Network exposure function (NEF) £

EQ|T 0| MH|AQ} 7|50 / External exposure for AF \|—\
I:HOE A'-_Q_ol- A

F=l 21 I O] A
MI3AE (B & ME|A RS AES),
L 2|+ W E<I3, ol =2(# 0], \_

Application function, edge
= " — AFS= XM B2 NRFE HM EZfEo| 2t El0| O
computing 50| AF8 5tS 0% (via SMF to UPF)

— External exposure2| =
— BLUHE 7|s
— Z=2H[Hd 7|
— ZH/0= 7|s
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Global clouds

B mlm Central sites

Distributed sites

Edge sites

Any workload Anywhere in the network End-2-end orchestrated
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Distributed Cloud — enabling technologies =

Dynamic Orchestration

- Dyn(] mic orchestration of VIM/Container Network work-load "WApplication interface Application Service/Slice
workloads and NW slices orchestration orchestration exposure orchestration orchestration

— Programmable application

interfaces

— Flexible network applications
Internet

(VRAN' VEPC) ) ) Local X Ak central X Applications

— Scalable execution environments Application IE Applications g
VR/Robot :

— Robust server hardware for —

Central Offices VEPC UP llllllllllllllllllllllllllllllllllllllll
— i ictri (CN UPF)

Secu.rlty.for distributed T | critical

applications ((( " ) Traffic i

Distributed Edge Data Center Centralized Data Center
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3GPP support for edge computing

A A
= =
Central | \gr ‘ UDM PCF NEF
Site

3GPP functions for Edge Computing l
?Nnrf Nudm Npcf Nne:f Naf

— UP Selection and reselection AF

— Local routing and traffic steering

— AF influence on traffic routing and UPF
selection

— SSC mode
— Network Capability exposure

Local Site (AN = __----"77 -7,

On Site

-

&—
<3Nz N6 Data Network
PPE UPF (e.g. operator

or Internet)

Central

NG UE

Service
i Comger‘!:c\gvork

!
|
|
|
i
!
|
|
|
|
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Distributed EDGE vs. MEC

Distributed Edge

Put computing infrastructures (that host EC
applications) close to the network edge

EC is RAN agnostic

In mobile networks, traffic must be routed

accordingly to and from ECs by means of Local
Break Out (LBO) functionality.

Supported by 3GPP architecture

PW

) @LG

0

EC

MEC technology is intended to be implemented at
the cellular base stations (i.e. RAN)

— MEC opens the radio access network (RAN) to
authorized third-parties

— Needs to listen in to info exchanged between RAN
and Core (encrypted)

— Requires significant changes to 3GPP architecture

non-EC app :l

Aligned
with 3GPP

ittt Not 3GPP
aligned

1 ! 1
— / Cﬁ : :ﬁ:
\\) &/ 1
L S]]
non-MEC app 3 T = ‘non-MEC
=== RAN . 1 CN ! appb

_______________________
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Automotive Edge Computing Consortium
Getting the Infrastructure Ready for Future Automotive BIG DATA

* *

Future Automotive Service

Focus on
1~10 EB/month Network Traffic Define use cases Vehicle-to-Cloud Formulate a roadmap
and requirements to b"%‘-‘ gaps
S °

O: s

a8 Our Distributed
High Definition Map _ Intelligent Driving Work o Network and Network
Stream Computing | = AGGREGATION and Computing
v H for Aut ti for BIG DATA
uge amount of data or Automotive IE ACCESS

@y | = Device

v" More capacity
v" Improved coverage

4Illlll /I mEEEEEN
Global )
100M Connected Cars Address capacity Standardization Collaborate with
and efficiency issues relevant communities
5 '/-j NTT (@6!' TOYOTA
DENSO = intel MDDi O NTT décomo Noi [
ERICSSON TOYOTA CENTER Co., LTD.
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5G Automotive Alliance
Cross-industry collaboration, telecom & Vehicle Indus.

[

Automotive Industry

Vehicle Platform, Hardware and
Software Solutions

End—to—End Solutions for Intelligent Transportation,
Mobility Systems and Smart Cities

~

ERICSSON 2

/

L )

T ecoqmunlcatlons

Connectivity apd Netvv’orklng Systems,
DfVlces and Technologies

Drive standards and regulations, end-to-end solutions

NOKIA @LG QUALCOMWW intel' DAIMLER @ D



http://www.lg.com/

5G - a path to new revenues

New consumer services like 8K
1nd fi N

“'pterprises build truly
~connected solutior

Develop new business models "
beyond data monetization 4 b







