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1. Introduction

It is well known that there is an increase
in mobile data consumption owing to the
various applications that run on smart phones
and the increasing traffic from video services.
Further, virtual reality/augmented reality services
and high-resolution video services require
high data rates from mobile networks. In
addition, tactile internet, game, robot control, and
vehicle communication applications require low
end-to-end latency [1]. Sensors utilized at
various industries such as energy, smart city,
factory automation, and healthcare require a
large number of devices that have long battery
life and are connected to wireless communication

networks. Fifth generation mobile communication

network (5G) evolves from people communication
using smart phone to things communication
such as robots, cars, machines and sensors.
With mobility and digitalization of wireless
communication systems, industries can
transform to new evolved industries with
value-added services. Every industry has their
own business dynamics; therefore, 5G is
expected to support industry diversity with a
business support system. Some industries
require excessive quality of service from the
network such as reliability, availability, security,
and quality of experience. Even with the increased
quality of service, it is expected that the service
provided by operators must be offered at a
reasonable price.

To cope with these evolved requirements,
a large number of technologies are under
development for 5G, for example, higher
frequency millimeter-wave large spectrum

band, massive MIMO, beamforming, new air



interface, backhaul technology, small cells,
local offloading such as device-to-device (D2D)
communication, heterogeneous network, edge
computing, software implementation with
software defined network (SDN)/network function
virtualization (NFV), flexible deployment, energy
efficiency, self-organizing network (SON), traffic
and radio resource management, network
automation and intelligence, new radio (NR)
network architecture, and network operation and
management.

Millimeter-wave (mmWave) communication is
a promising technology for 5G to increase data
speed and throughput. The large bandwidth
available at frequencies in the 30 GHz to 300
GHz range enable unprecedented connection
speed to mobile users and traffic capacity to
network operators. Owing to easy installation,
low cost of ownership, and high performance,
wireless technology is the preferred solution
for backhaul. Small cell deployment is an
appropriate solution for indoor and hot-spot
area high throughput communication. mmWave
communication is considered for access and
backhaul solutions in small cells. Recently, the
software implementation of RANs with
SDN/NFV technology to support the high
flexibility, low cost, and efficient management
requirement is a popular research topic [2].

The development of mmWave technology
should align with RAN architecture evolution

trends and consider the application to small

cell and wireless backhaul. With the survey
of RAN evolution trends, the spectrum status,
and standardization of mmWave, the challenges
of mmWave technology development can be
recognized.

This article reviews technology trends of 5G
RAN evolution to identify the role of mmWave
in 5G RAN. Spectrum allocation and standard
statuses of mmWave will be investigated from
the perspective of mmWave application. Based
on the results of this analysis, standardization
and technology development challenges will be

proposed.

2. RAN evolution overview
related to mmWave

2.1 mmWave, Small cell and Backhaul

A large amount of spectrum is available in
the mmWave frequency band (30 GHz to 300
GHz). 3GPP is currently working towards a
global standard for 5G NR that will operate
in frequencies from below 1 GHz up to 100
GHz. NR aims to open mmWave frequencies
to boost network capacity and deliver
ultra-high throughput services to a large
number of mobile users [3], [4], [5]. Multiantenna
transmission already plays an important role
in current generations of mobile communication
and will be even more central in the 5G era.
Single-user MIMO and multi-user MIMO
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leverage massive MIMO by dynamically
transmitting data as highly focused beams and
exploiting multipath propagation and spatial
multiplexing to simultaneously send and
receive more than one data signal over the
same radio channel. By beam steering a highly
focused beam, a stronger radio signal with
higher data throughput is delivered over a
greater distance using less energy. In
particular, in the mmWave frequency band,
MIMO

considered a critical factor because of the

massive and beamforming are
compact size of the antenna. Small cell
deployments are popping up worldwide as
operators begin to see the value of boosting
connectivity both indoors and outdoors. Small
cells deliver superior connectivity to areas
previously underserved by the macro network,
thus enabling subscribers to receive a seamless
and robust service wherever they are [6].
High capacity radio sites are expected to
require backhaul in the 5 Gbps range, with
extreme capacity sites in the 10 Gbps range
in 5G network at 2025. Wireless backhaul with
microwave and mmWave technology provides
the advantage of easy installation, low cost
of ownership, and high performance. 15 GHz,
23 GHz, and 38 GHz are popular for wireless
backhaul, and higher frequencies such as
E-band (70/80 GHz) are growing in popularity
because of the large available bandwidth and

low yearly average spectrum fee. In-band

backhaul, which uses the same frequency
bands as the cellular system, is a technique
for wireless backhaul with advantages such as
the high frequency characteristics of low
interference with beamformed radio signals.
In combination with a wireline backhaul
technique such as optic fiber, the backhaul can
RAN

implementation [7]. Flexibility and resource

be considered for architecture
optimization can be provided with the
combined optimization of radio access
networks (RAN) and backhaul. Especially,
in-band wireless backhaul is suitable for
flexible function deployment to meet 5G
services requirements with the reconfiguration
and adaptation of the connection path. In small
cell environments, in-band mmWave backhauling
can provide the optimum path to the required
traffic ~ with  unified radio resource
management of RAN and backhaul. mmWave
backhaul can be configured according to
service requirement such as low latency and
high data rate with help from unified radio
RAN

relocation, and fog computing.

resource management, function

2.2 RAN network architecture evolution
with virtualization
The RAN is evolving into a heterogeneous
and multitier architecture comprising nodes
with different air interface technologies,

power levels, capabilities, and/or backhaul



conditions [8], [9], [10], [11], [12], [13], [14].
Radio selection, radio resource management,
and interference management in this new
cellular RAN architecture is key to optimizing
and balancing utilizations for different tiers.
To support the highly flexible RAN architecture
and topology, splitting RAN functions such as
user plane and control plane separation is a
prerequisite for RAN evolution. Flexible RAN
function deployment such as centralized RAN
and distributed RAN requires function splitting
as in traditional RANs, considering backhaul
capability, latency requirement, and network
efficiency [15]. The capability to configure,
scale, and reconfigure logical nodes through
software commands enables the RAN to
dynamically adjust to changing traffic
conditions, hardware faults, as well as new
service requirements. This capability will be
achieved by software implementation of RAN
with SDN/NFV to separate virtualized software
implementation of RAN functions with general
purpose or specialized hardware. Deployment
flexibility with software implementation and
function split enables operators to deploy and
configure the RAN with maximum spectrum
efficiency and service performance regardless
of site topology, transport network characteristics,
and spectrum scenario. Considering the hybrid
automatic repeat request (HARQ) delay limit,
the anchoring point of dual connectivity,

hardware performance, and amount of data

mmWave technology in 5G networking

at the interface, radio functions of the RAN
can be grouped into two or three function
blocks. Higher layers can be implemented on
general purpose hardware and easily
re-located; some parts are implemented on
specialized hardware to relocate to designated
locations but lower layers need dedicated
hardware for implementation. SDN [2]
provides data and control separation with the
benefit of systematic abstraction, scalability,
and deployment flexibility. NFV provides
hardware-software separation with the
virtualization of network functions implemented
in industry-standard high-volume servers instead
of proprietary hardware [16], [17], [18]. Cloud
computing allows centralized data storage and
processing and online access to computer
resources through remotely deployed server
farms and software networks. It aims to
maximize the effectiveness of resource
sharing. Cloud computing has limitations in
meeting the strict latency requirements for
time critical control functions. Fog computing
[19] or edge computing can fill the gap with
the network, computing, and storage resources
at the edge of a network for a substantial
amount of communication, storage, control,

and configuration.



3. mmWave spectrum status

Federal Communications Commission (FCC)
released Report and Order (R&O) and Future
Notice of Proposed Rulemaking (FNPRM) titled
“Use of spectrum bands above 24 GHz for
mobile radio services,” in July 2016, which
discusses the policy direction for entire
spectrum utilization of the 10.85 GHz band
for fixed wireless broadband services. The
spectrum in the policy includes 3.85 GHz of
the licensed band at 37 GHz (37.0 GHz to 38.6
GHz) and 39 GHz (38.6 GHz to 40.0 GHz) in
addition to the Al block (27.5 GHz to 28.35
GHz) of the local multipoint distribution
service (LMDS) bands auctioned in 1998
(Auction 17) and 1999 (Auction 23) and the
new 7-GHz-wide unlicensed band (64 GHz to
71 GHz), which can be utilized for offloading.

28 GHz of the 27.5 GHz to 28.35 GHz band
is allowed for terrestrial application of wireless
communication because of the following
reasons: 1) There is no state level federal
allocation history in USA; 2) International
harmonization is possible with Korea and
Japan; and 3) there are many requirements
from the mobile communication academy and
vertical industries of trial services. Geographical
area licensing at the country level will be
applied to the 28 GHz band that can be utilized
for both fixed and mobile communications.

Licenses will be allowed with priority to LMDS

license owners, which covers 75% of the US
population at June 2016. Further, FCC
considers that the large share of LMDS license
owner's in the population will be helpful for
the rapid deployment of 5G.

39 GHz of the 38.6 GHZ to 40 GHz band
was allocated for fixed point-to-point
communication with backhaul purposes for
services such as broadband PCS. 2,450 licenses
were allowed for 172 economic areas (FAs)
(Auction 30) in April 2000. Originally, this band
comprised paired blocks with a 50 MHz size
but it changed to 7 TDD-based 200 MHz blocks
considering spectrum efficiency and  high-speed
communication. Licenses will be allocated based
on the partial economic area (PEA) in the 39
GHz band. PEA-based licensing will be helpful
for small operators participation and rapid
technology adoption because the PEA is
smaller than the basic trading area (BTA) or
EA larger than the county level in the case
of the 28 GHz band. 37 GHz of 37 GHz to
38.6 GHz band was considered with the future
possibility of combination with the 39 GHz
band for realizing a contiguous wide band of
a spectrum service, which is specified with
the both purposes of terrestrial and satellite
communication, but has not been utilized yet.
1 GHz of 37.6 GHz to 38.6 GHz band, which
is contiguous to the 39 GHz band, comprises
five blocks of 200 MHz bandwidth and a PEA
level of licensing will be applied. 600 MHz of



the 37.0 GHz to 37.6 GHz band will continuously
maintain the co-primary status.

In conclusion, based on FCC's policy
direction, 28 GHz and 39 GHz bands will be
mainly dedicated to 5G services owing to the
28 GHz band's international harmonization
with Korea and Japan and the high population
coverage.

The China Ministry of Industry and Information
Technology (MIIT) gathers opinions about the
implementation of the 24.75 GHz to 27.5 GHz
and the 37 GHz to 42.5 GHz mmWave spectrum
bands in the 5G plan, interference, technical
barrier, and roadmap. The Communication
Authority of Hong Kong said that 26 GHz and
28 GHz bands would be the first batch of
spectrum to be provided for 5G preparation.

The frequency bands of 27.5 GHz to 29.5
GHz including 11 candidate bands of WRC-19
have been investigated for coexistence with
other radio stations. Targeting for 5G
implementation in 2020, the Japan government
plans to set the technical requirements in
summer 2018 and to allocate the maximum
bandwidth of 2 GHz in the frequency band
of 28 GHz by the end of 2018, where the
frequency range of 27.5 GHz to 29.5 GHz will

be considered.

mmWave technology in 5G networking

4, Challenges of mmWave
technology development

mmWave technology occupies an important
role in 5G. To maximize the performance of
mmWave technology, there are challenges of
technology evolution.

With the increased requirement for data rate
and system capacity, backhaul is considered
an important factor for performance, especially
in a small cell of dense network. With the
increased popularity of micro-wave and
backhaul, radio

resource management of access and backhaul

millimeter-wave  wireless

communication must be considered together.
Wireless backhaul is enhanced with channel
bonding technology that combines high- and
low-frequency bands to increase reliability.

Channel bonding combination and/or high

Figure 1 Variations of paths with wireless

backhaul, small cell, D2D and macro

access

frequency/low frequency combinations must

be determined according to the access
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communication status such as load, service
types, and others, in addition to backhaul
interface communication environment such as
weather, amount of traffic, and so on. This
direction of technology development will be
essential especially for mmWave access
communication due to the high traffic load
and variation. This path option is described
in number 1 of Figure 1.

To support the low latency requirement
of the service, the optimum path selection
mechanism in combination of mmWave RAN
and wireless backhaul is a challenging
problem. Optimum routing path can involve
a multiple hop of small cells in a dense network
or a direct link to a macro cell. To support
optimum path selection, the backhaul network
status must be reported to the centralized radio
resource management (RRM) algorithm. The
mechanism to monitor the backhaul condition
in addition to mmWave access link needs to
be standardized. The centralized RRM
algorithm can determine the optimum path
to support the low latency requirement of the
service considering the path status such as
access/backhaul link load, delay characteristics,
and availability. This path option is described
in number 2 of Figure 1.

In-band backhaul is the preferred solution
when mmWave is applied owing to radio beam
isolation using controlled spatial isolation of

beamforming technology. In-band backhaul

with mmWave provides higher re-use of large
bandwidth per channel, higher dense deployment
backhaul — with
manageable interference between the hops.

When in-band backhaul is applied to a small

cell base station, a macro base station, which

supporting  multi-hop

has optical connection to the core network,
can be an anchor point of small cell base
stations. In this case, scheduling channel
resources across two domains, access and
backhaul, are employed for joint optimization
and integration of access and backhaul
resources. This path option is described in
number 3 of Figure 1.

D2D is considered as a method to improve
network performance [24]. In some specialized
cases such as vehicular communication, devices
in D2D communication can be considered as a
moving network. The equipment (or device)
in the car can be operated as a relay of the
in-vehicle passengers. As a network element
of the D2D communication, the device can
be equipped with network functions. The
standardization process should consider a
device as a network element. This path option
is described in number 4 of Figure 1.

The capability to configure, scale, and
reconfigure logical nodes through software
commands enables the radio network to
dynamically adjust to changing traffic
conditions, hardware faults, as well as new

service requirements. Radio function splitting



supports dynamic function deployment
according to the requirements. When the
wireless backhaul is applied, the radio function
splitting and the decision of the location of
radio functions must be determined according
to the capabilities of wireless backhaul in
addition to traffic condition, hardware faults,
and service requirement. The joint optimization
and integration of access and backhaul
resources must consider the radio function

splitting and fronthaul and backhaul status.

5. Conclusion

With the increased demand from 5G
services, high speed, low latency, and a large
number of devices are the new technology
development direction for mobile network.
mmWave will enable high speed and low latency
communication with wider bands for RANS,
backhaul, and D2D communication. Software
implementation, multitier and heterogeneous
network, small cell, and backhaul technology
evolution in RAN evolution are tightly coupled
with  mmWave technology evolution.
Nowadays, mmWave application to wireless
backhaul, small cells are popularized and
software implementation of RAN functions
impacts mmWave technology implementation.
mmWave spectrum allocation for 5G and

standardization is underway. In this paper,

mmWave technology in 5G networking

mmWave technology development and
standardization direction were recognized:
RAN and backhaul unified radio resource
managerrent, in-band mmWave access/backhaul
joint optimization, D2D communication, and
access/backhaul joint optimization with RAN

function splitting.
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B 2 T2 o f &gfolA @ I Eo]
Rl T3584 = T3585F AR+ AlZIt}. T3584
+ S-NSSAI®F DNN9| Zgof gt Sefol2 7]
Hh &3 Ao} Blo]Ho]al, T3585% S-NSSAIC]
thgt &efolA 719k S3F Alof Efojmtt,

T35849F T35859] 4t A4 X #= T3396
I} Hl5HA| o]FAIct. oiRt T3396> DNNZ o
FO= S, T35849F T3585+= 217+ S-NSSAI°}
DNN9| %3}, S-NSSALE thdo= dirk= Ho]
==

TIE]AL T3396: 33-Al2|2 EfolmEhA] 4AH]
o554l AlAE B 11 o] o]5EAl AlAFIONA
T A& AL T35849F T3585% 35-Al9]
Z Eo|Ho]7] wjizof| SAIH o554l AlAEofA
o st

r}OI'

B o 2% 7150l o] 714 ofs

54 AR Whome public land mobile
network, HPLMN)°|, 29 Z<l whof s, "
AtgAtel] ofsf AlojEls W 2 A 7is A=
gQ3l AH"E QLAsH, HAS £ YEE Fl=
HAUES K3 oA Al olsa4l A4
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A= HPLMNe] 21
HAT & l3lch

a4 20] 25 ©do] 29 ARIRRY] FHvisited
public land mobile network, VPLMN)9| 5-=3t
o HPLMN©] "ARiAlo]| ofsf Alojel= & & 4
& 71 o] "3t FHE QHdsHA Mgt
g2 TAGHTH

S IS QoPekAbd, that Aok wido]
REGISTRATION REQUEST HAIXE #ds}al
(¥ 1) HPLMN®| ARAH AE#2] FiA|(user
data management, UDM)OIAHA] 55 =l

et A 94o] HY=WEHY 2), HPLMNS

U T HEE dsH|

VPLMN
AMF

]

1. REGISTRATION REQUEST———H

(6. REGISTRATION ACCEPT:

7. Steering of roaming information
security check successful ?

I
8. If the security check fails or the UE is
configured to receive steering of
roaming information but did not receive
it then perform PLMN selection
procedure and end the procedure.

9. REGISTRATION COMPLETE—H

11. UE may perform PLMN selection if
higher priority PLMN is available.

a3 2 VPLMNO|| S5 Al "ARIKI0I| 2fal Mofet=

26

——4. Nudm_SDM_Get_Response—————

"ARAL o5l AojEle W 9 H V& Ao
a3t FR'E M= AFS
231 oo} Yofuk= 3 4,
oJaf| Aoj=l= W 9 <t 7% AEo] a3t
H'E A 4 9tk o] o] FRE
+ VPLMNOJA 788 4= gloug oA B
ot FALE FHSHEE ok AARE Hth
2 HO AL AEHoR FEEH Het
P dEH 0= S8ERIck = AXRKE REGISTRATION
COMPLETE "AIAIE &3 VPLMNe| Adgs}al
(@4 9), VPLMNZ 354 0& Nudm SDM Info
ABIAS 0183 HPLMNS] UDM] ol it

HPLMN
UubM

2. Nudm_SDM_Get———— |

3. Decision to send steering of
roaming information.

5. Nudm_SDM_Subscribe———

T2 71E MEl| st 'S QFoP| Hoks 1k (5]
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2. DL NAS TRANSPORT

AMF

P 1. Nudm_SDM_UpdateNotification

Rel-15 w#&s} T 3 FAR!

UDM

A

3. UL NAS TRANSPORT

A\ 4

33 3 VPLMNOI| 0OJ0] S8t 7, "ARAI0] ofsl Hofet= Y

<

4.Nudm_SDM _Info

A 4

=1

X E2 7z ME0| 29t

g2'E

QEGH TEHSh= 1Hy [6]

THd HPt AAjel| Mufisid, Tk VPLMNS
AF5HA] 31, VPLMNO] 52314] o=t} F3t,
HPLMN 0] 7117} AHof 29 FY uf
ARRAAtel 9faf Alojsle W 9 HE 7|& AE
a3t AH"7F HAE ZAAA] ofdAE BAS| &
4 91, olzfgt WY o HHE= o] A7l
o= AXE S Qled|, wio] Ayf=of oj#gt
470 Qld), s Axol it WA B AR
7} W=eA] gkom VPLMNE AlFshA] 9,
VPLMN©| 5554 =t}

"ARAAtel| QJaf AlojEle W E H V& A
of 93t HH'E HIEA] VPLMNO] 558 wof
o AgE 5 Qs A2 otk O ZoA Bkl
g 4 Q1% Nudm SDM Notification AJH|A,
Nudm_SDM Info A8l % DL NAS TRANSPORT
HA|A], UL NAS TRANSPORT HAIAE E3f A

9g SE g
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V2X(Vehicle-to-Everything)°]2}t 3+ o] tj
o 2=d 74 B4 4 225t A=A 9L
=

* EEE802.11p 4184l 7I& 7|9k WAVE

(IEEE), ITS-G5 (ETSI)
* 3GPP AEF FAEA 7I& 7IHk C-V2X

3.7 &%
71E 71eRl WAVESF C-V2X9 aviet
C-V2X9] PC5E 402 WAVESS] HlwE A
g3t & A mEsPL A== LTE-V2XeH
LTE-eV2X, NR-V2X=9] ZI8}o] thsf AmiEct.

WAVE(Wireless Access Vehicle Environment)
£ 201640l 7184 IEEE 7|& BE02 E84
3 MACAIS: Z2&Z2 [FEE802.11pS AMg
st YEQA A5 ASEAS TREST
Hol 172& IEEE1609.1~4 EFOog AL
et

C-V2X& 3GPPoIA A8H A& e
A AE 7e BEOR o584l ZIA T o
7t FA9 A/ FFEA (Uu QIEE 0|} BE
ol A o 7+ AY B4l FA (PC5 QUEHO]
2, Sidelink(SL)E A1¥atal Qlct.

* PC5 QIEHoIA A9l HE 7[HoE HEA

Y 24 71750l $8¥6k= Tx mode 3
o Tto] 24 435k= Tx mode 4% 7

H

R

WAVESH C-V2X+= 19 19] ETSI ITS Z2E

32

Z 72 7I180E HEYT 4 HE AS ol
B TEEZS FASHES AAT 4= qloH, 4
= Radio Access A (E2A5 2 MACAD)
71& 7t Aol AAF 7| Hlavt 7FsSic

Applications
(FCW, RHW, ..)

Facilities
(CAM, DENM, ..)

Networking and Transport

(GeoNet, IPv6, ...)

Radio Access Layer

J™ 1 ETSI ITSE2EE & 7[8t Radio

access AZE 7= HE A

® WAVE Radio Access Al 7I&: [EEES02.11p
e C-V2X Radio Access AlS 7|& 3GPP
LTE PC5 mode 4
371 & Radio Access 71&& 5.9 GHz(TS
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59 7I& 7180 ds 4 eH 7R 9 o]
554l HEYA glo] F4 B4lo] 7hsshte &
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et
o Aol #1: B o] gk A AU
71%
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H 2 802.11p2 LTE PC5 mode 4 7|& Hlu Q9F

.l 802.11p LTE PC5 mode 4 Sz
o s . . ( X 28 QLR 44 O]
At 2y A ARZH 2 AZb-=0p B3t 80 20
AR OFDM(high PAPR) SC-FDMA(ow PAPR) (52 HE Y g
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Convolutional Coding

Turbo Coding

¢ g5 e

Ot M=
o 895 14

=1t 72 25

05 2% g5 74

¢ @7t ViE =R

mjo

HIoIA| 2

- TH A 2 AIBH0IS S8 COIE] T3l 412 90% 7EECR LTE PC5 mode 47+ £ 40%
Ol FAfRIX| OIS &2 25
- FZ WAVE HW 45 HAES 48 Rl 27 4

=-

H 3 WAVE, C-V2X &5 Hln

WAVE(EEE 802.11p) LTE-V2X 5G-V2X(LTE-eV2X, NR-V2X)
Data Rate 2|t 27Mbps Zf 100Mbps Z|ti 20Gbps (eMBB)
Reliability 95~99% 95~99% 99.9~99.999% (URLLC)
Latency { 100ms { 100ms { 10ms (URLLC)
Density s s HSHHIG kmP 10"6LH:mMTC)
Mobility 7Fs(ZIti 200km/h) 7ts(160km/h) 7Fs(ZIti 500km/h)
Positioning BRI 50m) EXBH( 50m) 7k5( 0.1m)
Coverage Tts(Za 250~300m) ZRlchet -~ Z=20/E) Rl -~ Z20jE)
V2l & V2N s gt gt
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LTE-V2X LTE-eV2X NR-V2X
LTE V2X MHIA X 5G V2X AMHIA X[ (LTE-V2X AMHIA X|2d H&l)
3GPP Release 14 3GPP Release 15 3GPP Release 16
(20174 3% &) (20184 62 24=) (20194 12¢ &= =2H)

ME K MY
71K2 AAEL (mode 3) E=
o2 AAZ MEH (mode 4)

KIZARE (latency)| T2t AHIA

al

& XY MY HEe LTE-V2X9 SY

e

S X[AAIZE 2 Reliability0f] Trab AH|A XpHst 20185 8ELH
st T
7IE =9 A
Rl Carrier Carrier Aggregation X[
cc (ZIh 87H carrier) NR-V2X 7I£2 LTE-eV2X EC 25t
20 msec | AlZt MHIA M5 QTARIS X|gt 4 Qlofof &

NN, —the-Air 24 X|21
(Over-the-Air 2 X[9%) 10 msec X AlZE (Over-the-Air 24 X|2)

LTE-V2X HC} =2 HolH H&8 X1
(20| carrier aggregation S0 T2} CHE)

LTE-V2X9t BE LTE-V2X & LTE-eV2X9} BE

| BA1 >  mA2 > A3 > A4 >  wAs >

- i 1 E o
LTE-V2X 7|2 (LTE V2X A{H|2) LTE BVZ(;(G;LEZX%- 1|:||:{ i\.)rzx Jls

J3 4 3GPP C-V2X 7l=, MH|ALE AteZd &7 BA 2t A
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3GPPoA A3t C-V2X 71& #3E3} gt A LTE-V2X/eV2XE HI%3t LTE, LTE-Advanced,
HIA G5 8TARIES 58 Zo] ogit LTE-Advanced Pro, NR9| A€ 7}t AHIAE
Fe 87 AR 5 A E S ool 84=4 7] < 19 59 ZAM
Fo2  GAPR  3GPPM  EESE ded

B 5 3GPP C-V2X 7|z & MH|A g5 Q7

LTE-V2X 5G-V2X(LTE-eV2X & NR-V2X)
100 msec
Z|of KIS Azt 20 msec (EF 0HIE) 3~100 msec
1000 msec (3GPPY ZHRA|)
Reliability+ 80~95% 90~99.999%

50~300 Bytes (Z714)

AR 27| 1200 Bytes (OMIEA) 300~12000 Bytes
s 250 Km/h (=t 45) 250 Km/h (0 45)
2 A S5 500 Km/h (Alth 25) 500 Km/h (Altf £5)

A QF MHIA ok 20320 OfE] 50~1000 DJE]

+ Reliabilityl= ol ARF (= HEIIRURDON G Al 91 X bytes Z1712] kI Hlole] siple] 3oz 41 sk
b AA G AEA WS A SE0 BRS ARE 2 A S Aol westel 238,

latency F | 56 LTE-APro & NR (Rel.15~) |
requirement] .- | |
Edge Computing
] | LTE-V2Vi-eV2X(-Rel.14) | HD map 47191E  Remote Control UL: Sensor dataiLidar..]
V2V safety * UL: Cam+Sensor data  DL: Control
~10ms FCW, EEBL, CLW * | LTE-A Pro(Rel.13~14) | DL: Control
" 2V, V2l safety | LTEILTE-A (~Rel12) |77,
BSW, LCW, LTA, RLVWE, ...
~100ms UL: vehicle infc
DL: traffic info
i ITS :
seconds | RWW, IVS, In-Vehicle Event Video ypload
M. DL trafficinfo Entertainment . pashCamklip
.......................................... -+ DL: Video
Telematics
) UL: Sensor data DashCam backup
minutes DL: Control UL Dq_shCam clip
~0.1Mbps ~1Mbps ~10Mbps ~100Mbps * Ghps 10Gbps
bandwidth
requirement
* FCW: Forward Callisisn Wariing
(214 ;EI? _?—Iél il',—" GRS EEBL: Emergency Electric Breke Light
100m B2[7| M4 S&f 250ms BSW: Blind Spot Warning
HZIOIX] 80ms - H( 20mrs = “00ms o5l &2 CLW: Control Less Warning
GlHLOl o] 4|2} Ol X|+0r& A ZEZE 200~250ms LCW: Lane Change Warning
Al A 2 &3¢ A2t LTA: Left Tum Assistant
:‘%i E'] ; ;;_‘r 311ms, t Zl 404ms RLWW: Red Light Violation Warning
A" g2 250ms, A 2 300ms, &t best 100ms RWWY: Road Work Waming

V8: In-Veh cle Signage
VTL: Yirtual Traffic Light

J3 5 X H ®S U Q7% J|E 3GPP BEES} 71&/MH|1A
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4, V2X Fmte % Y

o
HEo] Z7lolA] 5.9 GHz tio] ITS &%
2 A=A} YRS HiRsto] vl=/4E
5.9 GHz ITS H9& B4 FA4G541 7|&0 Algt
SHA] Oh= HIgko 2 Fulp S F3Iokl Q=
Hh, =2 C-V2X B 7l Hgoz 2 %
ojt}. 371407 5.9 GHz HlYol 2153t 6 GHz
9 % 500MHz SIS ITS &= 3838k= Hiet

C-V2X 7lz & MH|A £ ot

Yot

T} 63 GHz mmWave oA 1GHz HYS &
Fole Hlo] IR AR EES GAE
Foll s QU

® 5G V2X AEIA (RK& 53, Extended Sensors

S 87EE 1% goly 52 A

S7] 1ef 2719 ITS Zuie Qo] a7

Hh
F8 =719 ITS Fur g9 %2 # 69
QoK.

United States

-5.9GHz band in 1999

-IEEE 802.11p based system

- Ann Arbor Safety Pilot(2012-2013) 3,000
DSRC0BUs

-USDOT: mandating V2V in new vehicle
modelas early as 2020
* NHTSA notice of proposed rulemzking
(NPRM) 13" Dec. 2016 but no F/up actions

Europe

-5.9GHz bandin 2008
- Technology neutral
- ETSICEN ITS standardizationready for
initial deplayment (M/453) (2013)
- C-ITS deployment in 2019 (EC)
* Hybrid communication solution
-Evolvetc 5G in the future

China

- 5.9 GHz band under study (2017)

- (In favor of LTE based technalogy)
- Governmentdriven

- Major driving force for 3GPP V2X
- Large filed trigls plannedin 2017

J3 6 C-ITSHA

=
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(O1=/%E/8=)

H 6 22 ITS X% Y &3

FOt+ Y &3 Power H|Z
Max. Power = 20 - 10MHz Channelization
dBm. (100mW) - SYHOMATY JAl K 2016-215 2 CHSITI= i
o= 5.855~5.925 GHz (70MHz) Max. EIRP = 33 dBm EHiE 20174) &=
(ZM - 7l& 38 (20174 FI5 2H{HOIA DSRC BA|
AR SR TS 8 FIZ2 BAE)
- 10MHz Channelization
RSU Max. Power = | - & FCC Title 47 §90.375~3770{ DSRC AtE HA|
5.850+5.925 GHz (75MHz) 28.8 dBm (750mW) FCC= 5.9 GHz HHEE Wi-Fi2t 398 4= U=
o= . . Max. EIRP = EHE T8 =
~ H
[5.850~5.855 GHz (5MHz) OilH[] 23/33/40/44.8 dBrm | - V2V XIZO| SEMPR NPRMS DI AlEf0[s &7|
(10MHz A2 =) D29M2 2RE 7I5d0| 1 &= oM 28EX=
o
5.8555.925 GHz (7OMHy) - ETSI 24 EN 302 571 V2.1.10{ ITS-G5 (802.11p 7[gt
i . QE D2EF) AR BA
oz ~ . - ™ =) NS S
#e | 585 5'877?7?9T21(§0MHZ)' ISM Mex. EIRP = 33 dBM | _ 5 9055925 GHz014d CBTC (urben rail, ITS-G5,
o LTE-V2X & ¢t 28 &5
ol 755.5~764.5 MHz (ITS Connect) _ - ETC2.0: 5.8 GHzO{Y0IN SHZ ZToll) 2 U
== | 5.770~5.850 GHz (ETC/ETC2.0) O MIRISH LIHX| TS Advanced ITS 252 Z4E &
- ZAE= 20184 1020 5.9GHz THe} 20MHz(5,905~5,925)=
== 5.905~5.925 GHz - LTE-V2X ZIHEMZT 7|8L9| |OV(Internet of Vehicle
BEE TA|
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ot s ATEY [TS & A%
A (9, 5.9 GHz)Z 35 A AH|A0] AREst
1, 38 AR d9e 54 AR Algsie
AH|2o] Egstar Qlck
° 1F FE AF, AZEo] & Heo] A
O|E, QJEHRIHE AH|A 5 mmWave T
o (ITS &= A E= A48 g2 A%t
g o5/ AN HelA L& 7Rsoich

o A5F A} Al A& 7h5Tt 2145 HlofE] AfH]
2 (AZEe] 9 Hejlo] AHelE, A&
o] E)

Z119] C-ITS A9 532 AE 20084 84
ECE= Decision 2008/671/ECE &3l 5,875 -
5,905 MHzE ITS Fd &= %okl ITS &
F = Y3t ITS Action Plan (COM (2008)
886y AEstgict. 20109 7€ 4 A9 ITS
S Qi3 ¥E AAIZA Directive 2010/40/ECE
Aesigict. 20149 119 Z=F &9 24 7 &
&2 3t C-ITS Deployment Platform& &

of  ofl

oto] 2014 3%E 201697HA] Phase 1 717t &
t T5 HAE el V)&, HE, 83} ol

o #AE A4 HE JfEsieien 20169 1€¢
expert reports Yt Phase 19] Z2i&
< WA Phase 2= 20179 99 S==3ich
4 W 5G /et 83t F AR 282 XI5t
7] 948 20169 “5G for Europe: An Action
Plan™S AE51%CE Radio Spectrum Committee™=
20179 10€ CEPTOl| 5.9 GHz th9o42] ITS
g ARt AFE 85I 7ol 5,905
- 5,925 MHzZ 83t (BTC (Communication-Based
Train Control, urban railoll @)z} ITS-G5,
LTE-V2X9] 3&] thet Wi8-= =3keie}. CEPT

i

£ 20199 397H] &2 975 A= otk

=2 %2 5.9 GHz ¥ DSRC 71 7]
HEo] TS AH|A 8= Shgsigint 20174 1€¥
US DOT (US Department Of Transportation}2 &
£ Al9t A4 light vehicle V2V 54 2k
oo} slti= NPRM (Notice of Proposed Rule
Making& ®7FoRSitt. ©] NPRM IEEE
802.11p 7I&Z AL A Ajtstler 25
ruleo] AEHEL 2 o|FRE HEsl= HES
HaL Qlet 3FAgE US DOTE Al #F rule©]
AYEAo] s TBAISkA] Al lom, o

NPRM2 G2zt JYP=A] o5 Aoz 1

W AAREC] e 4= e ARCIel=ER)
oS 9l Federal Highway Administration
Infrastructure Deployment GuidelinesE &7t
Pt Fasks 59 FAHQl S5k Hol1l Qrk

S=o4= MIT(Ministry of Industry and
Information Technology)& 422 5.9 GHz
igolA 70 MHz =5 ITS AH]A 852
a5t SRt Al A Folt 20169 114
o= 5,905 - 5,925 MHz9| 20MHzE 671 TAl
Ao A] C-V2X trial =& 5|83t v} Qlr}.
2018 69-7¥€7kA] 5,905 - 5,925 MHzS
C-V2X &&= dsHS Zdselch. E3) o+t
I AS ARl HeE 20209 AR] Folle
AA #29] C-V2X 7I8E C-ITS AR|A9] 4383}
7 A8E 4= QS A0R AESHI Qir}. FAIR
£ 20189 109l 5.9GHz WY 20MHz
(5.905~5,929MHz)&  LTE-V2X ZHF8AIREA
718k9] 10V(Internet of Vehicle)&E=2 FA|5}



AL o] A= 20189 12¢¥ 19%
golct.

RO 58 GHz S ETC(Electronic Tolling
Collection)o|gf= 18 7]&of AR83lal Qlch
Toyotats= 127040 “ITS Connect’2k= 17 7|
&g A8s19.oH, 760 MHz tFoA 9 MHzE
ARESH] V2Vel V2I AHIAE Algstal Sict of
A9k V21 718 “ITS Connect’ AHIAS AlF517]
915t RSUQ| B2 Adpo] E3fjt Aolt). g
T C-V2X 7% 719H9] ITS ARIAE 913t
5.9GHz H99] Z71 ITS A% &g 53150
o, 20184 39HE 20209 3974 5.9GHz o
Aol tE SAVIeY] 3 E IHHATE
skl Sl

AAACZ A= = C-ITS AF5 Al &
T2 oS At

Audi, Vodafone, Huawei: MWC2017 (20174
24, HIEZARofA Al SAK= 4G 7IREe] V2,
V2I AHIAS AR OH “see through®, A&
S A1, Bk A, vl HeEela A1 59
AH|A EEE ZIYSHSIH.

Audi, Fricsson, Qualcormm Swarco, Kaiserslautern
Univ.: ConVeX (A9) (20174 1€, 5%) A9 1
204 AdPH trialolA 3GPP Rel. 14 7|5k
C-V2X 7l&9 A5 (A3 =9 #9, 424,

AARE F)y& AlFsHL Qi ol F9l =

8= 4

10 &=

%

A 0] A5 SISk 9lom, 1 Anke 4
T HE A T Algelth

Ericsson, Orange, Qualcomm, PSA Group:
Towards 5G (20179 2¢, Z&gA) 27 ©A A
oA 56z AskE dFl & C-V2X 71e9

AE 7173 AA =2 ol ERlska Qlck
Use caseE “see through”@} MPIARF H
o] okl glom, o] & AujAd] tisf #|
AR ST BT Q. HEofA ] YEQA 7Y
C-V2X Aele] AR A THs e 2k
et

Vodafone, Bosch, Huawei: Mobilifunk (A9)
(20179 28, =) & Aol v2v A5 §A4l
A5t AR S5 gRlslal glom, F7HA o
& [EEE 802.11p 7|§t] 7l C-V2X 719
H WS A3gstal Qi

Jaguar Land Rover, Vodafone £]: UK
CITE (2016d 6%, ¥=) UK CITEY =22
connected and autonomous vehicle?] HAE
£ St AHH S F55k= Aotk

Audi, Deutsche Telekom, Huawei, Toyota:
DT (A9) (20169 7¢, %) A9 I&E=A 9]
AS B9l V2V 7ls FRRE Aol trial
AU 52 Akl At

Continental, Deutsche Telekom/T-Systems,
Nokia, Fraunhofer: Car2X (A9) (20154 11¢,
=) £ trialois IEER0A 9 Ago] 919
HEE LTE U olgst] A&k AU s
HoFI glom, o] AU+ 2ARA E40]
Zgoln olF AYsH] Al Deutsche
Telekom®] 2 Mobile Edge Computing 7]
<& A2l 3dE position-locating 7€
< A&3510] 20 ms oWy HEZ 2Asisith

CMCC, Continental, Nokia, Fraunhofer:
Car2X (20169 11¥, 3= Wuzhen) 2016
World Internet Conference®l*] C-V2X 7]&

< A8sto] vl Bdo]3 A1, Cooperative
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Passing Assistant 52 AH|AS AlHstA

Ericsson, BMW, Deutsche Bahn, Deutsche
Telekom, Telefonica, TU Dresden 2} 5G-Connected
Mobility (2016 114¥, 5%) A9 I&EZA
700 MHz W9 AR8sle] 5GE 283 thftt
C-V2X AHIAE AA| 87olA B|AEsta Qick
ol7]oe= AARE Auls, FAA 71EEe] tE A
HIA, QP AB|A Fo] Ztew, Zh ARIASE
network slice 71&& &3l 1 E4Z §AZ &
Ues A= Qlrk o] HAEE A9 I&LR
o] ApgF ol A9} HFck=s AoM%:
AE 31 Qi

China Mobile, SAIC Motors,
National Intelligent Connected Vehicle Testing
Demonstration Base (20164, =) Connected
vehicle, autonomous vehicleol| tjgt HAES}
AT A, A5 sk Sl Al =52
BIAE HEEA AR W32 100Km29] o & Al
gojch,

Qualcomm, Ford, AT&T, Panasonic, Nokia,
Ericsson 2] (20184, 7)) m=ofli= Qualcommitt
FordE Z4o= C-V2Xol tigh theet st
T, B X HofA trialo] THRE Aol
Stk of7]o=  Panasonico] #Fofsl=

Huawei:

B 7 22Y C-V2X trial

V2vol oigt A8t NokiaZl #olsk= San
Diego©llA9] trial A& 5°] )2 Fricsson>
5G 71&9] A& 7158 Hel v Qlrk

SAIC Motor, China Mobile, China Unicom,
ZTE, Ford, Huawei (20174, $=) S=°lA+=
C-V2X9] AH|Aft 7]zof thgt tfefet Hxet
trialo] %3 Folct. China Mobile SAIC
Motor®} HA| AsfioflA LTE-V2Xofl Higt H2Es
Z¥ o China Unicom, ZTE 52 Forde}
A V2P MHIAE Bl B WAl H2E B3tk
359} FAWE= WuxiollA LTE-V2X<] HZE Z
PP o, Beijing Nebula Links= EA] A9 ]
I S0l V2X H8-& AFeITE Huawei}
RIOH= £740|4 LTE-V2Xof Hist g2g A3y
5t} China Mobile 20189 TongZhou(57H
A9, 5Km), YiZhuang(25Km2), ChongQing(20-30
intersections), ShangHai(13-30 sites, 5Km2),
WuXi(200 open intersections) SolA TIFsH
C-V2X A&E AT oFeln, 20209714
100000 +5.9] S 100Km2 o}ge] X0
A HIAET oHoltt.

A MAFCRE 718 F20 C-V2X Triald] &=
H 70 AR

ol
Ofot
o

o

oA R AL2|R H|Z
) Real-time
Deutsche Telekom (DT), Continental, o a .
o A MR
Fraunhofer. Nokia Networks V2N2V ((20ms | DT9| LTE YOIA edge computing X
latency)
Audi, DT, Huawei, g?ﬁ? other automotive C-V2X LTE 712 7[5t BE HAE
Audi, Ericsson, Qualcomm, SWARCO Traffic C-V2X Connected vehicle to everything of Tomorrow
Systems, University of Kaiserslautern (ConVeX) 71AA|AS ZAMGIH C-V2X O I3y
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HE ALt H| 1

Ericsson, BMW Group, Deutsche Bahn, DT,
oot ot Vatorw | s sy i 4570 3
; : SFE0MC] C- A, TH ALS
Research Institute (BASt), Federal Regulatory EBUMES C-V2X use case Al 700MHz HI A
Agency (BNetzA)
Vodafone. Bosch. Huawei C-V2X (direct | E5| IEEE 802.11p2t H|WGHH iR Z2 XA AIZES THX|
' ' V2V) £ AHIAO CiSH LTE trialS 23
LTERt 5G 7[Et9 C-V2X 7|& HAEES T4t Qo
‘Towards 5G' partnership CovaX £5| MBB (mobile broadband) E2fZ0fl network slice,
(Ericsson, Orange, PSA Group, Qualcomm) LTE-V2X H2g =5t s Editl &84 S 5 Cifst
use case Uz T 5
UK Connected Intelligent Transport C-V2X
Environment (UK CITE) (Vodafone, Jaguar ’ HH| 2o EAE BlAS 1=
IEEE 802.11p
Land Rover)
National Intelligent Connected Vehicle Testing
Demonstration Base, Shanghai (China Mobile C-V2X Connected car0il That RRD, HIAE, AR, Q15 24 15
Communications Corporation, SAIC Motor, 2 T3 = 100Km20] Eot= etge 7158 A=Y
Huawei)
- Connected Vehicle Safety Pilot 9 Y&to=z | TE 78t
Michigan, USA (Ford Motor Company, C-V2X direct mode S41E &85t automated vehicle HAES
Qualcomm) xistst
. e O | coypx | ™0l ZE 2619} OIS 7K, ASUS| 401 o
ord, Nokia, Qualcomm, supported by the San St C-V2XCl HIE G20 et ZE Xist
Diego Association of Governments)

5. V2X Use Case

C-V2X 7]&& ArE3t use caseol tiall 3GPP
oA% LTE-V2X 7]8E9] use case®} 5G NR7|
19l yse caseZ U0l Aokl it

3GPP Rel.14 TR 22.885+= V2V, V2I, V2P,
V2N 5 277H4 use caseE A3k} V2V, V2,
V2P, V2Nel| tigt 3GPPY] 9= TS22.18590
A 2R S itk

V2V application A2 A3 o] A=z
V2V application FRE w3ksl= 7ot
3GPPol|A] V2V application ARE E3Foh=
AR S YEAT ARIAL] gt 71d} <
S= Z8E gt ofd 7Rl B B4l 2

tlQ YEEYS (B-UTRAN, NR-RAN) 9] AH]A
FY ol EAsk=A] ofFe} Aaglo] Aol 5
|5k

V2I applications AJ¢ok= T2 V2I application
JEE H3lok= HAIAE RSUU A|Fof| YA|et
application AJHo] 53kt RSUY A|of] 2Rkt
application Af#h= st olie] V2I applications
A F5H= ghgo]l V21 application AHS Z351=
RIS SRk V2P applicatione A& Q1349
o] A& V2P application ZEE w3l 35
o|t}. 3GPPOA V2P application AEES 2§+
Sk HIAIAY] HEE HIEAT ARAL] tigt 7t
Y} 5= "= gt o] 7R dE
B4 YIEQA (B-UTRAN, NR-RAN) o] AfH]A
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o Yol EAsk=A] of el AHgle] 5ol §
|t} V2P application FE+= Z=F W9] V2X
applicationg A|Yok= Tdof 2sff %
FF == AREA (VRU: Vulnerable Road

SGForum

V2N applicationg A|¥oks &> V2N
applications A|¥dk= application AH2} &
ALS 3t} o] 39 oy AHE 54 YE

3 AA" (EPS, 5G9 & Edf B4l

SEAY

Usen)7F A8k Qi V2X application AY V2V, V21, V2P, V2N9] use caseE ¥ SHE|
3l thtto] ola) HsEt 117F4] “geeict.
COR )
e S
AL TE Cavmrags . AT Cormeagn

r“ehicles outside network coverage)

[T

(2 by UE-twpe RS

J8 7 tHEXQI V2V use case

B 8 V2V use case MH

Use Case o9
y . Y S 200 SYsh A 2 3 HBH0) QU= XMl 20| S 2T ZU5IH S
Forward collision warnin S o o = Te estl e Aemm T e
9 it Yl =2
Control | . HO| &4 200 HERIZO Ho &4 OMIES = XS0 EEE HAE, OJHIE LA HEHS|
ontrol loss warning oxixjol| 211
Emergency vehicle warning 5 X 41l FH 7IGXZ2| O RS F7| o, JEXE AR, &, Wt FHE &5
Emergency stop Ig MiE: Hld FXAEH X0l FZots FHAKA EOt st S5 Z1
Cooperative Adaptive Cruise &2 IAFX ZIEE: CACC AR 80| &Fold 15 HElbl= AlLZIRE M. ORI ol
Control (CACC) O & ME, E2 2 ¥ dE 284 i
Wrong way driving warning | Z5E 2Oz Xl F91 XIS Zol0 FH XZoiA st S& 21 XS
V2X message transfer _ -
O|=EMT} 7 K| LHHIA V2VAH ] 0| V2XHAIXIZ CIE =X XHER ME
under MNO control [SSAY HHZIX| LHOJIA JHIAE XIHGH= AIHO| V2XHIAKIE L2 = AHER 5
. N BE A AL Y & Gl S20| ZAIE F AR 488 welolo] Aot IiE £ Gl &=
Pre-crash sensing warning
JsAMe AT
V2X areas outside network | _ - o = 2ape A
coverage St Ol49| XIO0| O|SSAIL AHHEIX| S0l QS T V2X HAKIE TE = IHER &S
V2X by UE-type RSU | V2XE X|5t= XIZ0| UE-type RSUE 27idtd S4Ik= AlLiz|2
Privacy in the V2V V2V EAL 31740 7101l A 55 2 QIHAIS AIRAL V2V AJAEIS RENSH=G]| 0IQ Q5 QAL

communication
environment

HIAX] RfFQ] 2R 7H 2R
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RSU
Periodic ( ) 1 v
Car Maintenance periodic
Records. / Car Maintenance

Records, Vehicle Repair Centre
4 Diagnostic centre
Belonging to Service Provider

Y ; - ((3?) ; o¢ Car Manufacturer

UE to supports V21

(Road safety service) (V2X service via traffic safety server) (Remote diagnosis and just in time repair notification)

% 8 HEXQI V2| use case

T 9 V2| use case AH

Use Case = b
Emergency stop g HE: 215 A LMAl RSUOIM 715 His HE MEeiQ2M Bt oreh & 411

7|8 i E2do A HYIE2 BN Y 0P| & B AIH Jtsd d1. TE AHHY
FEMN MEe=M 559 Jtsd st I 2st

Road safety services T2 OFd MH|A E2HH0f EXIE RSUS Sall V2IMBIAS AHC2M 2 OFH o

NS FRF ML Al XIS XA FXF Yart A=Al R, 72| e SSRGS 2Rt

Queue warning

s

Eol» A7

Automated parking system

THE HZ
V2X Road safety service via | RSU % & QM AMHQt Z2 Q1Ze} APt £& og o W& O &3 HAKIS MM &
infrastructure HHE
Curve speed warning AU K& 20 2T HHS 22 A58 LGS Z1

Remote diagnosis and just in | RSUZF QIESI0] F&EE 4= QU= 00| X<l ot HEIE 22 E= ¥4 Xt MEN| 208

time repair notification EZE 3t

0!

Pedestrian\

(Pedestrian collision warning) (Vulnerable road user warning)

2 9 EXQI V2P use case
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H 10 V2P use case dY

Use Case o9
. . . SR SF 410 FoG E= HAX0A HE HE. 3K E= AR Ehs MEA fEist
Pedestrian collision warning ABI0| MBS [} T HZ
Vulnerable Road User (VRU) | Ff5t &2 H3Xt OF: Xflt H3XL V2P J|s8 25 2R RF0| B3Rl ZXE
safety ZRBHD et 0| U= Z2, 2o 41
Pedestrian road safety via V2P | QIAl 2l ObH 12 \2p HZE FHAE HAX| TS 4= Ql= B3Rt TR Ho| Haik} oo
awareness messages x|, £ S F7ERE WS

Use Case

(Virtual traffic lights)

38 10 CHEXNQ! V2N use case

HE 11 V2N use case &Y

a9

V2N traffic flow optimisation
(virtual traffic lights)

IS Efjn 52 HNEk AR0| 2 B9 A 93,
CRARRIOI A2 T2 A3 452 AN, SRS 24

=2 T
S22 M55 A 0|2
SE2 I + US

|m

P 452 Jjoz
EE YRS oD Edy

V2X minimum QoS

V2X HAIX] & XH20] 253 A0l LUzt =2 X2 (O, 218 ZRH0 V2X TIAK|

M TS 7RIS ME

Use case for V2X access when

2% XS0 V2X Jis A1

roaming
) , VX MARIE R 2, £ F2 2T U 71 2 22 Hatle £40 MY + US
Mixed use traffic management Soi5py B
Enhancing positional precision for | $X| GPSEL} x| RAE &Y. K=t £29| X IFHCE 2X| 2XE =Y. XM 712

traffic participants

S0 018 75

V2N use case to provide
overview to road traffic
participants and interested
parties

P48t MHIA AHRIRIE MSoks 3GPP OIs8LYS &8, 7189 0587 IXImE 0180t
V2V AHZRIE EoME XG0 TIAK] &
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3GPP Rel.15 TR 22.886 General, Platooning, case?} AHE I 13 € I 140] Aol o,
Advanced driving, Remote driving, Extended Remote driving®] tH#ZQI use case?} AH&
Sensors = 257FA] use caseZ A9J=c} IJd 14 9 ® 159 A5kt Extended
General® HJEA9] use case?t AHS I 129 sensors= H|T|Q dlog 28 A 9 A& F
Aelel9ict. Platooning® A% 154, &4 A 93t} Extended sensors®] tEA QI use case
o] b4 WA FeEE9lor Platooning?) tHE 9 AWE I 15 9 & 169 Asiir)

22l use case®} ABE 17 12 9 # 139 4 FUollA= 7 173 22 tEHQI C-ITSE F
2I51tt. Advanced driving® SEZQl use oJ5}ar o]0 we} Aol A Folth,

Mo coverage

%—_0\3 \\4— —————
4 E)

‘o

41 S5
(Mixed 3GPP RATs deployment) (Dynamic ride sharing)
I3 11 tiEXQl general use case
E 12 General use case A%
Use Case 49

[

vehicles of different 3GPP | Radio)2 X|¥5l= 2E0| é’_i.* = 4 QICt NRXIZO| LTEXIZE} SM & 4 Ql= AQ LTEAIRS
RATs V2X 7180 S AHCZ

Communication between OEM Aol et Y& XfZoil= LTED! X|ote 2=0] HEE0 QXIZH T XZ0l= NR(New
[e7] 7:

nkﬂ

U 5G V2X use caseOf CHal ZSZIX0l ﬂ1|A|x| QIARBI0| MMEH RS D= XY 9

Multi-PLMN environment UE-type RSU7} 7IQURIOIR| CFEi0] AfEQI0| S5t l_g| MHIAT} KZE|0{of &t

AMEXIZEV2X OHS2A01MS ARBIH SiE V2X OfS2IAI01M82] HIAKIS FHO| THE X

Use case on Multi-RAT Proe
o

Use case out of 5G coverage V2X S8 DZTIMS Kok HUR OF RAT RHI(SG, LTEE #510 AUS

Lo . IS OE ARt 2961 T2 Qg A ole HahRt L 0|=6ld= 2XK| SO MEE
Dynamic ride sharing IS TS MBS SRoleis =S UE + AUS. 2kt ISotzt= =Xl 52 EE

Tethering via vehicle RIZ0| BHEAL BXOA WERKT HHAE Hizok= HOE 7Is2 &

NSt TR Ho HR(ECU)E ASAE AIAH L T} HAIS MOfSks AZEYY 259
FHOZ AF0{Y HOIMRE 2012 X KSR} 401l 0127 7HK| TSI F7 K21 AZE0
COIE7T TR MSAL Sy F20|0 AZEN HHOIEE FQ 2o ZAJS| THYO|H
ISR EAIM S8 01

Proposal for secure software
update for electronic control
unit
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1st lane

2nd lane

Use Case

eV2X support for vehicle
platooning

Vehicle E

E Obstacle

% 12 tEAQI platooning use case

T 13 Platooning use case &Y
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AES0| 4Zpt HEE TR 20I=S X OFs 29

Information exchange within

. PN 0] E2F3 TEEHIES N

platoonlng |% | é 30'” Can é E :FM

Automated cooperative driving | X 82 S4I2 Sofl g8 I £ 2. I8 AFS2 K HE, &R, T 2 I8
for short distance grouping | ROVEEIS 45

Information sharing for limited
automated platooning

H19) €01 3 ST 22 S50 X8 U0 S HE A RN 22 O * Ay
AE)E JPY U, 7205k ChRbsl 470 fE a0z %

Information sharing for full
automated platooning

Aol aFE. H2

H19] T 4/5 RgFdli 22 279 X2 285
A £D)E 7Y o, ushdc G0H e 2F

RR2E Il 2% ojt *

Changing driving-mode

S
ofu

f o 20| M2 7 HE= YUNOR X2 7Y, =8, JHFEY M VKR 2% 4
HRE 7 Heks K601 AL 1-I gz &Y =+ Q= Z2MRY} %“5

e

46



Traffic Signal
Road Radar

Use Case

Cooperative Collision
Avoidance(CoCA)

C-va2x 7

X MHIA E

Intersection
Safety
Information
System

LDM

RSU

% 13 tEAQI advanced driving use case

E 14 Advanced driving use case &3

20| AL THsMS o ’é 1 CAM/DENM FE DA
=]

Q0] 4 EOIE, HE

Information sharing for limited
automated driving

A2 s B
2K F0| HOJH W

727t Ok XRZH HEI(O: 2% Ol *
=

B 19| B 2/32 22 &0 =i
2t

L35 JrEE o,

Information sharing or full
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