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Abstract: 5G takes the concept of service—oriented architecture to replace the priority principle
of network efficiency in the Internet to meet the requirements of the industrial Internet and
smart cities, such as high reliability and low latency. On the other hand, in order to adapt to
the uncertainty of future business, 5G features the openness of services and the Internet
protocols, different from the closeness of traditional telecommunication networks. Although
5@ tries to have the advantages of both the Internet and telecommunication network,
its realization still faces many challenges. In this paper, ten major issues concerning 5G
networking and service offering are discussed.

Keywords: 5G; software defined networking (SDN); network functions virtualization (NFV);
network slices; service—based architecture (SBA); mobile edge computing (MEC)
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Abstract: The Internet of Vehicles (loV) is developing from telematics to applications that
support the assisted driving, autonomous driving and intelligent transportation. Meanwhile the
communications for loV is expanding from Vehicle to Network (V2N) to Vehicle to Vehicle (V2V),
Vehicle to Infrastructure (V2I) and Vehicle to Pedestrian (V2P) communications. An overview
of recent advances in standards, development of technology ecosystem, major application
scenarios and requirement, as well as key technologies of loV is introduced.

Keywords: Cellular-=Vehicle to Everything (C-V2X); autonomous driving; intelligent
transportation system; cooperative vehicle infrastructure system
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Vehicle Behavior Analysis Based Ultra—Reliable and

Egg@
) E
E 1

Low—Latency Communication Technologies for Internet

of Vehicles

i E /ZHANG Haixia, XI3z7% /LIU Wenjie, BEfl /XUE Tong, $Ei /LIANG Cong

(WA, WAk 5758 250061)
(Shandong University, Jinan 250061, China)

B2 NEREMNSREIESHNERNBYFEMITEES (URLLC) MAE MM, 2H
TAREEWEINERTADNENR, FERTEFERTADNOBIEIREA. DRDEEAR
FERLZEEAR IWNEMTADNTEAZSEI URLLC 89EH, RiBERARRSEETRE
MHBEEFE, ARDEXARREESHENEIIE, BEREERAZIN URLLC BIFHR
RS,

REEF: FEEN; URLLC; EWTADNT; BolBIE; DRDE; BREE

Abstract: To alleviate the performance degradation of the Internet of Vehicles caused by
the high—speed mobility of vehicles in terms of ultra—reliable low-latency communication
(URLLC), the mobile management technologies, resource management technologies and
information security technologies based on vehicle behavior analysis are proposed. To achieve
this, the data of vehicle behavior is first analyzed as the basis. Based on the analysis, mobility
management technologies are analyzed to improve communication reliability, resource
allocation technologies are applied to reduce transmission delay, and information security
technologies are proposed to assist the realization of URLLC.

Keywords: Internet of Vehicles; URLLC; vehicle behavior analysis; mobility management;
resource allocation; information security
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REFEHD
HRERS
Deep Integration of C—=V2X and Intelligent Vehicle—

Infrastructure Cooperative Systems

7R /ZHANG Jie

(RESBEUBMBRARNDBERAT, J6R 100083)
(Gohigh Data Networks Technology CO., LTD., Beijing 100083, China)

BE: BERBEEREIIEEERDE (i-VICS) ML, FMALLERE (V2X) 2i-VICS BY
BETERAR, TMEFBENINERR T, NMBTESR - V2X (C-V2X) XAgXERA
REBSEHDD, #R T BERAREDTHEL i-VICS ZUTEHE, BET i-VICS T—H8VE
HBERON TINBEERANEEER, RELE TR, WM. OXFMZR THOERDD
BSEW,

K. C-V2X; i-VICS; EREMEAZE

Abstract: Intelligent transportation has developed to the stage of intelligent Vehicle-
Infrastructure Cooperative Systems (i—VICS). Vehicle to Everything (V2X) is an important
supporting technology of i-VICS, which can support real-time information interaction between
vehicles and infrastructures. The key technologies adopted by cellular—=V2X (C-V2X) and its
evolution are introduced in this paper, and how the development of communication technology
promotes the evolution of i-VICS is described. Meanwhile the possible evolution of i-VICS
is conclued, and the requirements of communication technology are analyzed. Finally, some
suggestions on the deployment of i-VICS in the typical scenarios such as highway, city and
park are proposed.

Keywords: C-V2X; i-VICS; intelligent connected vehicle
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Test Method of Connected and Automated Vehicles Based

on Digital Twin
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(1. China Academy of Information and Communications Technology, Beijing 100191, China;
2. Chongging University, Chongging 400030, China)
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B, BE T EBERWE NS DT HTMEXSsISIINNEY5%, RIAESHERE5EMNL
R, KA DT B0BRSTSHIEINE R ERIZR N ESLBIMEXE SN . ABRS5REA,
2R ARSI H EMEX S5SNI,

— o DOI: 10.12142/ZTETJ.202001006
Xl BalER; DT MDA PULSHEARIEIE : http://kns.cnki.net/kcms/

. . . . . . detail/34.1228.TN.20200220.2219.002.html
Abstract: The Digital Twin (DT) provides virtual representations of systems along their

lifecycle, and should be used in autonomous driving test. In this paper, a method of using DT

to carry out networked couplet autonomous driving test in a finite environment is proposed:
Y P g prop MEBHhREHE: 2020-02-21

In the simulation test environment of automatic driving, the test of real automatic drivin
¢ g INFSEER: 2019-12-22

vehicles under the virtual complex road scene can be realized by using the DT mapping. The
experimental results show that this method can effectively support the development of the
autonomous driving test.

Keywords: autonomous driving; DT; virtual simulation
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Driving Performance Optimization of Vehicle Platooning

Based on C—V2X Sidelink

1B/ /FU Siyu, Zzi& /JIANG Zhiyuan, %3525 /ZHANG Shunging
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(Shanghai University, Shanghai 200000, China)

B2 R ITBERERLLEES (C-V2X) AR ERMMTR. tHIEEEE (PCs) &
4 BEMN IR, UNEETREAIRARNERENBEINRANDAR, RS
BRI TER 2 POz, FhEdmmisEhass (SUMO) 1T S5 EIIE,
SRR D ZRIIEAE TR 4 VRISIEER N SRIAEEEBIITIL,

K. EFRIN; Bl 4; BORM; RAEBRE

DOI: 10.12142/ZTETJ.202001007

LB BhRMIIE . http://kns.cnki.net/kems/
detail/34.1228.tn.20200222.1522.006.html
Abstract: The vehicle platooning technology using cellular vehicle-to—everything (C-V2X)
is studied in this paper. For the low reliability of PC5 Mode 4 communication protocol, two
performance optimization schemes of transmission interval optimization and parallel driving are
proposed based on the relationship between packet reliability and final formation performance.
Subsequently, the two schemes are simulated by the traffic simulator——simulation of urban
mobility (SUMO). The results show that the proposed schemes can optimize the platooning
performance under the low reliability transmission based on Mode 4.

ML EREE]: 2020-02-23
INFSEEA: 2019-12-20

Keywords: vehicle platooning; Mode 4; packet reliability; maximum spacing error
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ZEBRNSE TN REERA

Main Technologies Adopted in High Layer Protocol for
Internet of Vehicles

T /LUO Wei, £ /WANG Mengzhen, ¥ /XU Ling

(EoENRNERAT, 7 Rl 5618057)
(ZTE Corporation, Shenzhen 518057, China)

B2 ATH—TRSERTEBE (V2X) BABRRIE, WFHMBSEENZRIEEY5
o, RETAEFRS (UB) LIRBENER. BE/HUSZ THETRE (SPS) RRNHOZE; X
T UEBERREEDN, RETRRBENMBOVRIS. SIb, RE THEEAIEATS RS
Sidelink ZRERGRA, UDDIBRFERRPREOMR, REESHMNERWDRABBRE,

FEIF: V2X; UE BTRRLE, T 2RRS DOI: 10.12142/ZTETJ.202001008

PESHBRRIEIIE . http://kns.cnki.net/kems/
Abstract: To improve the resource efficiency in vehicle to everything (V2X) communication, detail/34.1228.TN.20200213.0735.002.htm
the scheme of reporting user equipment (UE) assistant information and configuring/activating

multiple semi-persistent scheduling (SPS) resources for network side scheduling resource

MZSHBREHI: 2020-02-13
WHsEH: 2019-12-22

allocation is proposed in this paper. A strategy of resource reselection and reservation for
the UE autonomous resource selection is also proposed. In addition, congestion control
technology is proposed to reduce the probability of resource conflict, and Sidelink carrier
aggregation technology is supported to achieve more resource utilization efficiency of the V2X
communication.

Keywords: V2X; UE autonomous resource selection; congestion control; carrier aggregation
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5G NR-V2X Sidelink Spectrum Requirement
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E. £ 56 #i0) - ERLTLBEE (NR-V2X) BAPSEEEEM AT EmSWZ S0
IBESKHTHAR, SEMEHERARSE. BRESHANLGEER. £ NR-V2X RFED, HH
BEARERBRTEEINEEENER, XBDEIERZE/D 30~40 MHz BIIE, NR-
VX ARBSE R O U HE S AR IDETRER. RSEEAFE AN TN BENKE,
BHTFHARSEA LRSHIR  BYEFEEIERENRSSnn/ DT BEEENRUSE,
T NR-V2X SIRIARBID D D EARZRABE IR T K,

FH81F: 5G NR-V2X; [T#B5; ABE; ERSHSINA; X

Abstract: In this paper, the spectrum requirements of 5G new radio (NR)—vehicle to everything
(V2X) Sidelink communications for autonomous driving is studied. The methodology,
assumptions, and evaluation results are provided. In a NR-V2X system, the broadcast mode
is used to send messages that carry status information and environmental information. The
frequency requirement for broadcast mode is predicted to be at least 30~40 MHz. NR-
V2X supports the use of groupcast mode to send negotiation and decision messages in
autonomous driving group communication. However, since group communication is basically
event-triggered, even the groupcast mode is critical to support the advanced automotive
applications, the total traffic transmitted through groupcast mode is much less than the total
traffic of broadcast messages. Therefore, the frequency requirements of the groupcast mode
can be neglected in the early stage of NR-V2X frequency study.

Keywords: 5G NR-V2X; broadcast mode; groupcast mode; sensor sharing; frequency
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Challenge and Trend of Sensing, Communication

and Computing Integrated Intelligent Internet of Vehicles

Ft&& /WEI Zhiging, B2 /MA Hao, K& i) /ZHANG Qixun, BB /FENG Zhiyong
URBBEERZZMT LB EHEBERLE, LR 100876)

(Key Laboratory of Universal Wireless Communications, Ministry of Education, Beijing University of Posts and
Telecommunications, Beijing 100876, China)
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HEOA, BB TEFRA - 86 - 1TERISHNERERND AR EBS. ZAEET17
SENERERNDEIMRRIAEED, FEIRINISITE (MEC) BARRFEBRAESRE
WRE, REIEDENERMESWERR, RXSNETSEERDENLZEENEE.

Xg2iE: B - BE - 1TERG; S8R, BnEi; MEC

Abstract: The sensing function of single vehicle can not satisfy the safety requirements of
future automatic driving. Facing the problem of multi-vehicle sensing information fusion and
timely sharing, the sensing, communication and computing integration technology is proposed
in this paper to improve the cooperative environment sensing capability of autonomous
vehicles. The mobile edge computing (MEC) is introduced to reduce the inter—vehicle
information transmission load and improve the efficiency of information fusion and processing.
Finally, the secure autonomous driving can be realized via multi—vehicle intelligent cooperation.

Keywords: sensing—communication—computing integration; intelligent Internet of vehicles;
autonomous driving; MEC
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Key Scenarios and Technologies in EU-China V2X =

Trial Cooperation
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BE: PEORNEERTLZEE (V2X) RATNGHRES TN RIZR MR, M
= -V2X (C-V2X) BEAPEMNMMNBIRENER, ERFN TR V2X IKEdu/SZ. 18X
AN ISR, DREBIIIINER., RV TRHEMREEK. B8 QEWD SHIS 5%23
ARBENI2RAEZMAEETHERS . L)djiﬁﬁﬂlaiﬁs&gm XL REVKEE
BR. KRenfiPHEAFEEH—PMIE. RIIZEANER %E'\E EfEiRo

FE2F. VoX; IMEINVEZER®BAS; C-V2X; KEBEH (LTE) -V2X; IMEFEELEF2EY

Abstract: China and Europe have initialized the trial cooperation on Vehicle—to—Everything
(V2X) key scenarios and technologies. Using the current progress of Cellular-V2X (C-V2X)
development in both regions as the background, the selected joint test scenarios, related
key performance indicators, and the current test results are described in this paper. The
key test scenarios are green light optimal speed advisory, intelligent intersection, and
automated driving. The implementation of the messages at the application layer to support
the test scenarios is discussed. The effective information exchange among the vehicle, road
infrastructure, and mobile network are the key to realize these key scenarios. The joint V2X
trials between China and Europe will further evaluate and compare at the system level the
information exchange performance in test scenarios.

Keywords: V2X; cooperative—intelligent transport system; C-V2X; Long Term Evolution (LTE)—
V2X; cooperative, connected and automated mobility
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Abstract: Starting from the concept and key elements of the Internet of Vehicles (loV), the key technical points and technology development
routes of the loV industry are analyzed. It is considered that the key technologies of the loV are developing towards the direction of intelligent
and networking. Based on the research on the development situation of automotive electronics, new communication technologies of loV, loV
services and the policy environment of China's loV industry, this paper gives a judgment that the Internet of vehicles industry is in a period of

strategic opportunity for accelerated development.
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Abstract: Intelligent Connected Vehicle is able to achieve safe, comfortable and efficient driving and Cellular Vehicle to X (C-V2X ) is one of

the key enabling technologies. At present, many standards organizations around the world have carried out research on key technologies,

network architecture and application scenarios of C-V2X. Combining with sensor technology, Mobile Edge Computing (MEC) and 5G, C-V2X

provides powerful assistance for the realization of intelligent connected business. C-V2X network deployment will adopt an integrated

architecture consisting of terminal, network and platform. The large—scale commercial implementation will be realized on the basis of

experience from scale tests and demonstration deployment. C-V2X is faced with the challenges of product commercial promotion, high cost

of construction investment and unclear business model.
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Abstract: 5G is in the first stage of development, and is still facing many challenges.
Technological progress promotes the large-scale commercial use of 5G. The core
indicators such as product performance, integration and power consumption are
determined by the chip. The 7 nm process and chip will promote the large—scale
commercial use of 5G in batches. However, integration of different manufacturers is
the biggest challenge for 5G Core (6GC) commercial use. The end-to—end automatic
deployment across Radio Access Network (RAN), Transmission Network (TN) and Core
Network (CN) from the same manufacturer can be realized by network slices. Automatic
deployment of end-to—end slices from different manufacturers also requires carriers to
improve management domain specifications. The manufacturers with 5G end-to-end
capability have the advantages of integrated debugging and spectrum utilization in the time
window of 4G to 5G switching. 5G drives the digitalization of the real world, which brings
opportunities for carries once again to share the new infrastructure dividends. The digital
transformation of industry application requires the construction of an open and prosperous
ecosystem for multiple manufacturers.

Keywords: 5G; chip; 5GC; high division multiplexing; video cloud era; operating system;
database; digital transformation
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Abstract: 5G commercial process has been started. The 5G core network architecture
and key technologies have been basically determined. However, in order to better enable
vertical industries, achieve faster service deployment and more efficient operation and
maintenance, 5G core network still needs to be continuously optimized and evolved. The
continuous evolution of the 5G core network will be realized in three aspects: deterministic
network, intelligent network and agile network. The network slicing, edge computing and
service—oriented architecture are also continuously optimized. For vertical industries, key
technologies such as Non-Public Network (NPN), 5G Vertical Local Area Network (5G LAN),
Time Sensitive Network (TSN), Network Data Analysis Function (NWDAF), and Network
Al are introduced. These technologies will further promote the development of 5G core
networks.
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Current Status and Process of CU-DU Architecture in NR
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Abstract: In New Radio (NR) access technology, the wireless access network architecture is
divided into two entities, including Central Unit (CU) and Distributed Unit (DU). In this divided
architecture, the baseband centralized control function and the remote users service can

F1#0

be realized simultaneously by controlling multiple DUs through one CU. In this paper, the
basic characteristics of the CU-DU architecture, including segmentation methods, interface
functions (control plane functions and user plane functions), mobility scenarios, and other
related features, as well as their latest progress are introduced, which can be the reference of
next generation radio access network.
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