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It is an exciting era with the cellular generations,
but it is also causing headache for the

e ———

automotive sector

Mikael Nilsson (Ph.D.) ; Johan Rydbekg :
Technical Leader — Communication Systems Regulatory Affairs Expert
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Technologies and functions of today

GNSS:
Cellular: 2G/3G/4G/5G e GPS
Broadcasting: Wi-Fi: 802.11a/b/g/n/ac/ax

Galileo
AM, FM, DAB, SDARS & GLONASS
TV, DVB "\ 'f = \ Beiduo

SQY\T&BLE

0 NFC

Other:
125kHz
434MHz
5.8GHz

In a car we have 30-40 antennas
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Opportunities:
Non-Terrestrial Network Connectivity

Three Benefits of Non-Terrestrial Networks Y eta ( V

«  Service Continuity \

«  Service Ubiquity

- Service Scalability (

5GAA: “Non-terrestrial networks and NTN-capable u?

be compliant with 3GPP standa S and DO bll Ly with'§ ' Airborne/(Airships) i

4G and 5G networks”, RS laton I 20 km
20 kil '

a :x 10 km

S/UAV (Drone)

Not to
- Scale
P 600 km

JOO km wd 1’*0\“ i and above

Air-to- WOrK

)\v

Connected Car - PTS IPv6 Forum 2024, Mikael Nilsson - Volvo Cars, Security Clz Proprietar L, , 5
Ref.: https://www.awardsolutions.com/portal/shareables/why-do-we-need-satellite-based-non-terrestrial-networks-ntn-5g

Ref.: 5GAA Position on the Secure Space-Based Connectivity Programme and Focus on the European Communication Satellite Constellation



https://www.awardsolutions.com/portal/shareables/why-do-we-need-satellite-based-non-terrestrial-networks-ntn-5g
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Opportunities :
5G Broadcasting

Frequencies< 1 GHz
Large-scale cells . a
el

¥h TRwW H

o
HD Video programs JetBer with unicast —
ooon
pans [
oooo
sw/fw updates oooo | =
’ — =
Traffic updates ; : oo
000

) ‘ Content |
Emergency warnings ) | server _ : [ g %

Connected Car - PTS IPv6 Forum 2024, Mikael Nilsson - Volvo Cars, Security Cle Proprietar Ref: Nik Dimitrakopoulos - 5G Broadcast for Automotive - ITU Workshop 6
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Opportunities :
The future of wireless technologies — 6G

N
\c\&n O

e
VKO Q@Xf@

In the next decade, the reg atL S gbove WI|| merge and utilize the same wireless technology,
as a conyJlement to today’s technologies in the different areas.
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The vehicles have

just started to be
t of |
The V2X eco-system o

systems-of-systems

V2X eco-system

Long (cloud) and short (direct)
range communication with n*her
* Vehicles

* Infrastructure

* Pedestrians

* Bicyclists
‘ Connected
mobility ecosC®®em
Connected Car - m 2024, Mikael Nilsson - Volvo Cars, Security Class: Proprietar

https://5gaa.org/c-v2x-explained



https://5gaa.org/c-v2x-explained/

Status:

V2X technologies

Backward compatibility ——»

WLAN “

IEEE 802.11p
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3GPP R14

3GPP R15
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3GPP R

16

12

V O L vV O

V2 radio aggass
tr—:'hno

C
5G NRV2X °? V2X

The sunset of 2G and 3G is on-
going. The frequency bands will
e Nedfor 4G and 5G.

3GPP R8

3GPPR... 3GPPR...

3GPP R15

3GPP R16

3GPPR...

Non-interoperability

Cal

b
7 /|
E Cellular (V2N ﬂ
| W
— 2G_y 3d 4G 5G
PP 2994

W3crp R1874! PMse I | 'S
|
BGPP R... AR
e 3GPP RgsI 3GPP R7 3GPP R14

I
I
I
I
I

6G

3GPPR...

\/

I
I
I
I
I



V O L vV O

Status: clotka ==
Market situation of V2X long-range fO |O d

The Connected Safety function can inform the driver
\© Loy

whether another vehicle further ahead on the same roac®
slippery driving conditions I
P ( O EMV\{J‘ ToOMTOME® *lﬂ

has activated its hazard warning flashers or detecte(

natioriar
highways B %\ = oonivics

Mercedes-Benz

VOLKSWAGEN

Ref: https://www.volvocars.com/uk/support/topics/article/9f6373819205e691c0a8015148785fe1 11

Connected Car - PTS IPv6 Forum 2024, Mikael Nilsson - Volvo Cars, Security Class: Proprietary

Ref: https://www.dataforroadsafety.eu,



https://www.dataforroadsafety.eu/
https://www.dataforroadsafety.eu/
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Status:
Market situation of V2X short-range

China: Deployment of LTE-V2X is on-
going.

C-V2X mass produced models are released successively

CAICT thE{EiERE

» FAW Honggi, GAC, SAIC, NIO, Great Wall, Human Horizon , GM, Ford and Audi have released C-V2X mass produced models
» Beigj, Changan, BMW, Mercedes-Benz and other vehicle companies plan to release C-V2X mazeon

» Commercial vehicle enterprises such as FAW Jiefang, Beigi Foton, Yutong and Kiz
function application
» Baidu, T3 Travel, Didi, WeRide and other car hailing companies and autonomous |

verification

EUXCAP

V'smn 2030

Greatwall TANKS00

(Wuxi), Tianjin (Xiging), Hunan (Changsha) and Chongqin
+ In July 2020, the t dransporiation information and communical
« Since 2021, the Ministry of Housing and Urban-Rural Develo[ille

Technology have jointly determined 16 cities, namely Beijing,

Shenzhen, Xiamen, Nanjing, Jinan, Chengdu, Hefei, Cangzhou)
of smart city infrastructure and intelligent connected vehicles

susum X
oo [
e

110301

hn %
EURO@NCAP

Ref: https://www.volkswagen-newsroom.com/en/press-releases/world-premiere-for-

the-new-golf-digitalised-connected-and-intelligent-5490Ref
https cdn.euroncap.com/media/7 4468/euro-ncap-roadmap-vision-2030.pdf
Ref:https://www.autobahn.de/fileadmin/user upload/Pressemitteilung_Intelligente

Ref: 24:th 5GAAw

orkshop

SonnecreaiCargig LU CLSIESES >NoBiltast: fuer - weniger Verkehrsunfaelle.pdf

USYn 2020-Q4, Federal Communications
Corfmission (FCC) dramatically changed
the rule for the 5.9GHz frequency band.

« From\y
. - HY ¥ allocated to normal Wi-F

nly 30MHz left for safety related
functions. No spectrum for 5G NR-V2X.

aYFC

https://www.fcc.gov/document/fcc-modernizes-59-ghz-band-improve-wi-fi-and-automotive-safet

YRC)Yo LTE-V2X (4G).

12


https://www.volkswagen-newsroom.com/en/press-releases/world-premiere-for-the-new-golf-digitalised-connected-and-intelligent-5490
https://www.volkswagen-newsroom.com/en/press-releases/world-premiere-for-the-new-golf-digitalised-connected-and-intelligent-5490
https://cdn.euroncap.com/media/74468/euro-ncap-roadmap-vision-2030.pdf
https://www.autobahn.de/fileadmin/user_upload/Pressemitteilung_Intelligente_Mobilitaet_fuer_weniger_Verkehrsunfaelle.pdf
https://www.autobahn.de/fileadmin/user_upload/Pressemitteilung_Intelligente_Mobilitaet_fuer_weniger_Verkehrsunfaelle.pdf
https://www.fcc.gov/document/fcc-modernizes-59-ghz-band-improve-wi-fi-and-automotive-safety
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Expected timelines for ma f C-V2X use cases 5GAA @

The timeline of these Automotive Association

2018 2019 202(¢ usecasesshall 2024 ‘?2-_

support AD. S
Advanced Safety | s N
Automated 2026 I~
Driving(Step ”) \ Cooperative Traffic Flow
arkf@g

5 v ©—p :
Advanced Safety {fzm) ‘ Automated Valet Parkingg @ 1
Automated 2024 ite mp NGl Arca  mmm 5?*4——' i \lo-Werated Rriving for AV 5.?*'
Driving(Step |) Tele-O\rated Driving

Dynamic
Intersection Management

‘ Data geaaring (@Dynamic (

Coo®rative Maneuvers

S L W A
Basic Int s :
2021 Safety ntersectiof@ Sai

Safety
- Traffic Efficiency

Group Start )
Collaborative ACC 56 I

~_______

7 A 4 s
: . m I Hazard Information ~ M Data Collection “-e*
Traffic Eﬂ:ICIenC\" Collection and Sharing and shaging ;
- Safety Related (suitable for AVs) m for g marX -a— 55’*
. q v v
3GPP Specificatio 3GPP ~pp
Release Date Release 15 Relegse 16 1] Releas® 18
V¥ 3GPP Specification releasé |Ngerief#prod [:] Direct Network D Direct or network ﬁ Direct and network
Note:
https://5gaa.org/content/uploads/2020/09/A-Visionary-Roadmap-for-Advanced-Driving-Use-Cases-Connectivity-Technologies-and-Radio-Spectrum-Needs.pdf Size of Use Case Boxes driven by design restrictions

in-series-production indicators will be updated as publicly announced
13


https://5gaa.org/content/uploads/2020/09/A-Visionary-Roadmap-for-Advanced-Driving-Use-Cases-Connectivity-Technologies-and-Radio-Spectrum-Needs.pdf

According to Volvo CEO Jim
Rowan, fully autonomous

Status cars are still a "long way off,"
despite the maturity of the

Gartner's Hype Cycle* technology.

“In December 2021, Mercedes-Benz was the
first automotive manufacturer worldwide to
secure internationally valid system approval for
conditionally automated driving (SAE Level 3).”

: Autonomous ve
> Cycle any longer...

2015: Autonomous vehicles, at the peak 2020: Autonomeus vek
of the Hype Cycle, plateau in 5 to 10 years of disillusion?qt ¢

Al
\
o,
Autogibtive Lidar —’.0

/ WLE
) Vehicle Services =~ | / / \ ’ | N\
I// | \
f Autonomous Vehicles J‘/ \| B Ovelitne-Aig
Electnde Charging Infrastructure /
Vehicle-to-Vehicle Communic) - \

Hype Cycle for Connéfited Vehicles@inc /nN

Hyg

Iy

expectations

Smart Advisors Spe
Micro Data Centers — 1 g

Digital Dexter

Software-Defined Security — \
M s irim bt b \ .’ a

urrencies
W meé 3D Printing

5t IWobility@020

expectations

\tal Personalizat \
N \
79 Auton® o @ in-Venicie Advanced | dUI
\
places and Exchanges @ \
| esm
r//fMumh
[ Mobiyar  rice

Q Vintual Ass

expectations

As of July 2020
Peak of

novation Inflated Troughof Slope of Plateau of

Peak of

Innovation Trough of
Inflated s Y Slope of Enlightenment *  Trigger
Trigger Expoctations _ Disillusionment o
time Ti
. =3 ime
Plateau will be reached in: ctisots Plateau will o resched
Olessthan 2years ©2to5years ®5to10years A morethan 10years © before plateau oz ® 2105 years ® 510108 A Mors than 10 years %) Obschets betace platsau s of August 202

https://www.sae.org/news/202 /202 0-hype-cycle-for-connected-vehicles-and-smart-mobilit



https://en.wikipedia.org/wiki/Gartner_hype_cycle
https://group.mercedes-benz.com/innovation/case/autonomous/drive-pilot-2.html
https://group.mercedes-benz.com/innovation/case/autonomous/drive-pilot-2.html
https://www.motor1.com/news/632733/volvo-ceo-autonomous-cars-opinion/
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Expected timelines formag- . fC-V2Xuse cases 5GAA @

Automotive Association
use cases, that shall

2018 2019 2020  support AD, 2024 Yf;z_ 026 2027 2028 2029

Advanced Safety s very Optiri]iStiC N ,_amLZed

Automated 2026 -SenS( Signal Sharing- 56

Driving(Step ”) Cooperative Traffic Flow
arkf@g

Advanced Safety - I Automated Valet Parkm" @ 1 .
Automated 2024 al Area mmm 56 * \le-CQerated Wriving for AV 55 *I
Driving(Step |) Tele-O\rated Driving

Dynamic
Intersection Management

Data geaaring (@Dynamic (

Coo; Brative Maneuvers

I.te»
Group Start
Collaborative ACC 56 I

~_______

L AR
BaS|c Int iR s :
2021 Safety ntersectiof SaN

Safety
- Traffic Efficiency

% v E
: . Hazard Information ~ M Data Collection “-e*

Traffic Eﬂ:ICIenC\" Collection and Sharing and shm"nq ;
- Safety Related (suitable for AVs) W forg L o 55’*

.rs q v
3GPP Specificatio 3GPP G PP
Release Date Release 15 Relegse 16 1] Releas®™18

V¥ 3GPP Specification releaSé [Ngerie @prodl [:] Direct Network D Direct or network ﬁ Direct and network

Note:
https://5gaa.org/content/uploads/2020/09/A-Visionary-Roadmap-for-Advanced-Driving-Use-Cases-Connectivity-Technologies-and-Radio-Spectrum-Needs.pdf Size of Use Case Boxes driven by design restrictions

in-series-production indicators will be updated as publicly announced
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https://5gaa.org/content/uploads/2020/09/A-Visionary-Roadmap-for-Advanced-Driving-Use-Cases-Connectivity-Technologies-and-Radio-Spectrum-Needs.pdf
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Status:
Today’s mismatch in the industry regarding mass deployment of
Cooperative Connected Automated Mobility ( ﬁl\/l ) services

NHTSA’s previous assumption of V2V fleet penetrat%n ) O\ leg; @ ox Galyner: +10 years

5GAA: 5 years

100
China: Denloyr nYON-going
80 Io; et by VW
S IFA: T4 years
60
S

40

OO fl _____________________________ \ _______________________ __________________ l_ DSRC penetration l‘ 5 More realistically,
| Applicatioggenetrafpn we can expect
0 | | | | ; | CCAM services
0 ) 10 Y20 y 30 35 40 close to 2040.
e J

icl@s can exchange

information is larger than 50, if the technology is mandated by law
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Challenges:
Potential 6G threat to UWB

Ultra bandwidth (UWB) used in phone as key syst<
(time-of-flight) between the vehicle and the
withstand relay attacks.

World Radio {
IMT candidate band WRC 23

Al 1.2 Al 10
greveesssssnn . i
- i
W E i
i uwB uws | uwsB
= chanpel 5 channel F channel 8 ha|

7-24GHz is beifgg N V#st§at

CH9 is the primaly gldbal band for UWB

B

Connected Car - PTS IPv6 Forum 2024, Mikael N

/

S ) CtIO i /
'lkely IMT cand@late band WRC-27

e w rIdW|de for 6G, one main candidate i‘ 8-8.56@( S
CH10 is expected to be important as Rlaagmd tw-l5‘h is subjected to heavy
Wi-Fi 6E interference.

=) 6G in 8-8.5GHz will massively intfre wi™

\ilsson - Volvo Cars, Security Class: Proprietary - Ref. 5GAABMW Group Potential 6G threat to UWB used in CCC digital key standard
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Frequency spectrum
is a rare natural
resource that ngeds

as keyysystems

\

v,

Frequency in GHz Distance measured
by UWB

and cause enormous customer complaints.

- Ref.: ACEA & CLEPA input to ECC regarding UWB applications in frequency bands under discussion of Al 10

- Ref.: CCC UWB Spectrum Regulatory Position
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Challenges:
Development, Sales, and Lifetime of two differen} products

Ye(arb\mc@o a Itis a huge )
10 12 20

0]
challenge to dgyelop
B _
Cellular cellulgmsgcoqicty for
WLE thi @ )rptive
wfTtor
BT/BLE /
UWB
GNSS
SDARS
TPMS \
V2X (IEEE : :
(IEEE) Lifetime >15 years
V2X (3GPP)

B Generations Standards ® Chipsets



Challenges:
EU market, eCall - 112

The automotive iIRANstl £ 'op\ sal

V O L vV O

How did we end up
here, with one
optional part in the
legislation?

Vehicle manufacturers are bound by the type approvgl | Ie@urc(n#n‘ferent i £ed eCall actors
framework to include eCall and circuit-switched \
technology shall be used, i.e., QG SG
gy u I / { M1 and N1 vehicles | 26/36 (\ psap (D
Yi

V ar

1e P sa’r (ty 6_]1\
d 5

The MNOs do not have any obligations at all to

maintain and continue operaging 2(3/3(‘ NeffvONKs
|

b\ ‘Iator\ Optional | Mandatory

Discontinue tifge cMrent technology-specific.eCall legislakgn, inst§ad usq eaanced Mobile Location

Since in-vehicle systems are in compllance \ /|th exi tn 'slat|or. e’ c time of registration; the vehicles
shouldn’t be treated as nongcomffian ek |s allable due to 2G/3G shutdown or any other
infrastructure-related updateV

Mandate an eCall service eitheNy b|nb Ieglslat|on or voluntary tools such as EuroNCAP

Connected Car - PTS IPv6 Forum 2024, Mikael Nilsson - Volvo Cars, Security Class: Proprietary Ref.: ACEA/CLEPA draft position paper on the review of the EU eCall Regulation DRAFT 30 November 2022 20
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Challenges: ™
V2X short range backward compatibility — why it s ) If we don't have

ackward compatibility,

we will never see CCAM
V2X penetration vs. years with backward compatibility . bergtratiorfvs. ye services
between technology A and B #fmpatibility fetween /
100 100 '€
90

| 'TO@\ 550"
| @ ] T
: N\ \\((a | . @a( S |

9

(=)

8

o

o

o

Fleet penetration [%]
Fleet penetratigll

20

’ \I O N /
0 0
0 10 20 30 0 0 10 20 30 40 50
Years

20
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Exciting era! Will we have YGu in vehicles?
' ~
erstna he customer need it? (@@

Volvo EX9(—SG( ! &O { ‘
! "*uttl\c ol!



https://www.media.volvocars.com/se/sv-se/media/pressreleases/305658/ett-battre-liv-med-helt-elektriska-volvo-ex90
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|Pvo

Our vehicle architecture supports |Pv6 a ( V

We use it to pass the certification on the Chlnes al <e\ \.vnIT N

Evolution of IPv6 Mz y bg d |n~ ket ‘equirements
However, we don'’t s\ bd nef oge from IPv4 to IPv6 for th\n%ce.mEmLon
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