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Abbreviations 
 

For the purposes of this White Paper, the following abbreviations apply. 

 

3GPP  3rd Generation Partnership Project 

APT  Asian-Pacific Telecommunity 

BSM  Basic Safety Message 

CA   Certificate Authority 

CAM  Cooperative Awareness Message 

C2C-CC  Car-2-Car Communication Consortium 

CCSA  China Communications Standards Association 

CDF  Cumulative Distribution Function 

CEN  Comité Européen de Normalisation 

C-ITS  Cooperative Intelligent Transport System  

CRL  Certificate Revocation List 

C-V2X  Cellular Vehicle to Everything 

DENM  Decentralized Environmental Notification Message 

DoS  Denial of Service 

DSRC  Dedicated Short-Range Communications 

EDCA  Enhanced Distributed Channel Access 

ETSI  European Telecommunications Standards Institute 

eDRX  Enhanced Discontinuous Reception 

eMBMS  Enhanced Multimedia Broadcast Multicast Service 

eMTC  Enhanced Machine Type Communication 

FDM  Frequency Division Multiplex 

GBA   Generic Bootstrapping Architecture 

GLOSA                Green Light Optimized Speed Advisory 

GNSS  Global Navigation Satellite System  

HAD  Highly Automated Driving 

IoT  Internet of Things 

ITS  Intelligent Transport System 

ITS-G5  Intelligent Transport System @5.9GHz 

I2N  Infrastructure to Network 

I2N2V   Infrastructure to Network to Vehicle 

I2V  Infrastructure to Vehicle 

IVI  In-Vehicle Infotainment 

KPI  Key Performance Indicator 

LTE  Long Term Evolution aka 3GPP 4G system 

LTE-A  LTE Advanced  

LTE-A Pro LTE Advanced Pro aka 4.5G system 

LTE-M  Long Term Evolution for Machines  

LPWA  Low Power Wide Area Network  

MAP  MAP data, in conjunction with SPAT messages 

MEC  Multi-access Edge Computing 

MIMO  Multiple Input Multiple Output 

MBB   Mobile Broadband  

NB-IoT  Narrow Band IoT 

N2V  Network to Vehicle 

OBU  On Board Unit 

OEM   Original Equipment Manufacturer 

OOB  Out of Band 
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PCA  Pseudonym Certificate Authority 

PLMN  Public Land Mobile Network 

ProSe   Proximity Services 

PRR  Packet Reception Ratio 

PSK  Pre-Shared Key 

RSU  Road Side Unit 

SAE  Society of Automotive Engineers 

SCMS   Security Credential Management System 

SC-PTM  Single-cell Point to Multipoint 

SDO  Standards Developing Organization 

SPAT  Signal Phase and Timing Message 

TCU  Telematics Control Unit 

TLS  Transport Layer Security 

UE  User Equipment 

V2I   Vehicle to Infrastructure 

V2N   Vehicle to Network 

V2P  Vehicle to Pedestrian 

V2V   Vehicle to Vehicle 

V2N2V  Vehicle to Network to Vehicle 

V2N2I   Vehicle to Network to Infrastructure 

V2X   Vehicle to Everything  

VRU  Vulnerable Road User 

WLAN  Wireless Local Area Network 
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Executive Summary 

 
In June 2016, NGMN created a V2X task force to study and evaluate V2X technologies and requirements and 

harmonise Mobile Network Operators (MNOs) views on LTE-based V2X and DSRC/IEEE-802.11p. The task force 

objectives were to reduce time to market of C-V2X technology, and trigger cooperation with the automotive industry 

in order to create a common understanding and promote NGMNôs V2X views. During the work in the NGMN task 

force the following areas were investigated: 

Å Technology evaluation of LTE-based V2X and DSRC including link and system level simulations for 

various scenarios, 

Å Identifying opportunities in LTE-based V2X for mobile network operators and other stakeholders, 

Å Various deployment aspects of Connected Car including multi operators and roaming, 

Å Business model of operating an Intelligent Transport system (ITS),  

Å Examining available spectrum and regulatory aspects,  

Å Reviewing security aspects and privacy. 

 

In the study, eight V2X use cases were chosen to reflect the three ITS application types: 1) road safety, 2) traffic 

management & efficiency and 3) infotainment. They encompassed various C-V2X communication methods: V2V, 

V2I, V2P, I2V, V2N2V, and N2V. A brief analysis of the technology requirements such as message communication 

range, vehicle speeds and density, the need for a connection to the application server, and implementation 

possibilities were examined in task force reports. The work has consciously focussed on the sidelink use cases 

because network link use cases were expected to be available in most cars in the next few years. Various 

deployment aspects were extensively discussed amongst MNOs including unmanaged and managed 

deployments. Unmanaged deployments without MNO involvement are expected initially. Managed deployments 

where both MNOs and road operators are involved is expected at later phases and was studied extensively.  

 

A generic business model looking at different aspects of investment and revenue models, in addition to the 

traditional infotainment model has been discussed. This is especially important when legislations are in place for 

the provision of regulated safety features in cars. It also touched on the anticipated benefits from road safety to the 

car manufacturing industry and to society in general.  

 

Spectrum and regulatory aspects of the existing ITS spectrum in different regions in the world were surveyed.  A 

recommendation for handling coexistence and harmonisation aspects of ITS spectrum allocation in ETSI were 

explicitly provided in the reports. In addition, an outline of the latest developments in China on ITS systems 

deployments was detailed. This is important because C-V2X as the technology of choice in China might have an 

impact on other regions and regulators in Europe, Japan, and in the US.   

 

Finally, security and privacy of 3GPP V2X was investigated compared to IEEE 802.11p by the NGMN security 

group and is included as a section in this paper. The section discusses the facilitation of provisioning and 

management of security certificates by inherent cellular wide area connectivity, and more specifically by using 
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3GPPôs Generic Bootstrapping Architecture.  The ways by which 3GPP V2X allows vehicle manufacturers to 

differentiate were also investigated.  

 

This paper presents a summary of the findings of the NGMN V2X task force and concludes with the following key 

points: 

Å To date, NGMN members have provided cellular connectivity to more than 30 million vehicles worldwide 

which are used for a variety of safety related use cases (e.g. distribution of end of traffic jam warning, 

black ice warnings, etc.). It is expected that in the near future every vehicle will be equipped with cellular 

connectivity. This is a good and market driven basis for further deployment of further C-V2X technology 

and services. 

Å With the finalization of 3GPP Rel. 14 specifications at the beginning of 2017, NGMN members now have 

a 3GPP standardized solution, which supports both long range as well short range communication, and 

which fulfils all the requirements of a C-ITS eco-system.  

Å After already ongoing tests, the technology will be deployed by 2020.  

Å NGMN believes that C-V2X is not only able to enhance safety features for vehicles, but also supports 

use cases for other traffic participants, like pedestrians and cyclists. 

Å NGMN has investigated and concluded that C-V2X technology is superior to IEEE 802.11p standards, 

technically, economically, and eco-system wise, and can well satisfy the basic safety applications. 

Å NGMN studies found the following technical advantages of C-V2X: 

Á It has better performance than IEEE 802.11p, e.g. in communication range, latency and scalability; 

Á It can be harmonized with cellular technology and easily utilize the benefits of cellular technology, 

such as improving the penetration of C-V2X based on high penetration of cellular vehicle terminals 

and mobile phones, disseminating information using cellular broadcast and decrease the investment 

in infrastructure by reusing already deployed cellular networks.  

Á It has a natural evolution path to future advanced applications by updating current networks to 5G. 

Å NGMN supports the go to market statements from major industry stakeholders, such as car 

manufactures and chip-set suppliers, and collaborates with the relevant industry associations, like 3GPP, 

ETSI, and 5GAA. 

Å NGMN members are engaged with other partners of the eco-system in ongoing tests in various trials 

worldwide; NGMN fully supports the timeline of go to market for C-V2X technology using chipsets 

commercially available from major chipset vendors by Q3/2018 for deployment in vehicles at the 

beginning of 2020. 

Å There are solutions for major topics for C-V2X market introduction such as security, spectrum, multi 

operator deployments and others, which are described in detail in this white paper. There are of course 

also some open issues, which are described in the paper as well. 

 
The paper recommends to the players in the C-V2X eco-system to take notes of the NGMN V2X Task Force 
studies and findings. 
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1 Introduction of V2X 

1.1 Introduction  

 
In order to reduce the number of road accidents and enhance road safety, vehicles should be able to observe what 

is happening around them, foresee what will happen next, and take protective actions accordingly. This requires 

that vehicles have the ability to exchange messages with each other. V2X is one kind of solution which can be 

considered as a wireless sensor system that allows vehicles to share information with each other via a 

communication channels. Compared with standard sensors (such as radar, LIDAR, lasers, ultrasonic detectors, 

etc.) the utilization of a V2X system can get information out of sight, testing hidden threats, expanding the scope of 

the driver's perception, and as a result improve driving safety, efficiency and comfort as a result of driving 

automation. C-V2X is therefore also considered more than ever to be one of the key enablers of cooperative 

automated driving [1].  

 

Today, vehicles are equipped with a range of sensors, driver assistance and safety related systems. Safety and 

comfort have been further improved by adding cellular communication capabilities to millions of cars and this 

number is growing rapidly. Many of the use cases described in the ETSI ITS specifications and other documents 

are already implemented using existing cellular network connections. For example, cellular networks already 

enable features like slow or stationary vehicles in traffic ahead warnings, road works warnings, weather conditions, 

hazard warnings, in-vehicle signage and speed-limits.  

 

The telecom industry and the 3GPP standards organization in particular have analysed the ITS use cases and 

have derived related requirements to LTE. With Rel. 14 of its standard, LTE is enabled to support V2X services 

taking into account V2X services and parameters defined in organizations e.g. in ETSI ITS or US SAE or by similar 

governmental organizations. This LTE-V2X Rel. 14, complements cellular connectivity between vehicles and 

networks/cloud (V2N) with connectivity between vehicles and other vehicles (V2V), road side infrastructure (V2I) 

and also pedestrians (V2P). In particular, enabling direct V2V and V2I communications in and off network coverage 

as well as the availability of a proven evolution of cellular network generations are essential steps to support all ITS 

use cases with a single cellular network technology, keeping the costs in the vehicle at a minimum.  

 

C-V2X which refers to smooth evolution from LTE-V2X to 5G V2X will not only support existing use cases but will 

also enable completely new applications which will increase traffic safety, transport efficiency and driving comfort to 

a level which cannot be achieved with the traditional ITS communication technology based on IEEE 802.11p. Since 

C-V2X relies on 3GPP cellular technologies which have proven ability to adopt to market needs and retain 

continuous compatibility over several generations of systems, NGNM believes that C-V2X is a superior technology 

which has the potential to realize the full benefits of C-ITS.  It also takes into consideration the huge investment 

which has already gone into the deployment of cellular networks and will continue to go into their evolution, the 

large and further growing number of vehicles connected via cellular networks as well as the huge 3GPP based 

ecosystem of equipment, devices and applications. All those factors will guarantee cost efficient evolution and 

increasing benefits such as road safety, comfort and traffic optimization.  
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This white paper describes the technical advantages of C-V2X as well as technological, security/privacy, business 

and regulatory aspects of its introduction. It also looks at specific developments in various parts of the world.   

1.2 General description of the Connected Car Eco-System  

 
Various stakeholders are involved when a vehicle uses a road and other traffic infrastructure, like a parking garage, 

and every of the involved stakeholders would like to benefit from the added value provided by connectivity. The 

connected car therefore serves a variety of eco-system stakeholders, each with different requirements. 

 

Car manufacturers and their suppliers are improving the functionality of the vehicle continuously, with the 

additions of safety functions, comfort functions, efficiency functions and others. For all topics, not only cellular 

connectivity to backend services, but also direct connectivity between vehicles and vehicles and infrastructure plays 

an important role for high innovation. Examples are 

Å Smart sensors: with the development of V2V and V2I services 15 years ago, smart sensors didnôt exist 

with mass market characteristics. Also, in this time cellular networks were not able to fully meet the 

requirements of sharing smart sensor information. Nowadays these sensors (speed limit alerts, distance 

control, lane keeping sensors, visual object recognition sensors, etc.) together with V2N capabilities (e.g. 

hazard warnings) are fulfilling a wide range of safety and comfort related services. 

 
Å Crowd sourcing data / swarm intelligence: Started with traffic flow information and the detection of traffic 

jams, data analytics based on sensory information of a fleet of vehicles is in the market. Examples of 

services based on crowd sourced data are the detection of free parking spaces for on-street parking, the 

detection of road hazards, and of course the widely used real time traffic information services. Sensory 

information is transmitted via V2N to backend systems, there, the data is analysed and distributed again as 

a service to other vehicles. 

 
Å Backend processes become more and more the brain of the vehicle. Therefore, the vehicle must be 

connected to a variety of backend-services via V2N connectivity. The vehicle might be connected to the 

userôs/customerôs service environment, for example to the home of the user, the calendar of the user, or 

the banking account. The vehicle might be connected to services operated by the car manufacturer itself, 

or a fleet operator: Examples are remote software updating procedures, tele-diagnostics and tele services. 

Alternatively, the vehicle might be connected to third party service providers, such as insurance 

companies, electric power companies, parking service providers, telco operators, and others. Backend 

services are connected to the vehicle based on cellular connectivity. 

 
Road operators and other traffic infrastructure providers are mainly interested in a safe and efficient use of their 

infrastructure. From a road operatorôs perspective, a safe traffic flow on the road must be assured. The parking 

space provider is aiming to organize the usage of parking services as efficient as possible. Every traffic 

infrastructure provider therefore is providing information about the actual state of their infrastructure, together with 

predictions via the internet to their customers. V2N connectivity is widely used for the distribution of this kind of 
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information. It should also be noted that the ITS-RSUs, with the single purpose of the collection and distribution of 

traffic related information, requires a substantial investment. Existing cellular networks are already being used for a 

variety of V2V and V2I services initially planned for direct communication, such as weather information, traffic jam 

ahead warnings, or emergency vehicle approaching warnings. In addition, the deployment of security credentials, 

their renewals or the distribution of certificate revocation lists, could be distributed via cellular networks. From a 

customerôs perspective, every customer knows about such services based on his or her smartphone experiences. 

 

Regarding V2I and I2V use cases, like GLOSA or speed alerts, it is still an open question as to how to overcome 

the investment challenge for traffic road side infrastructure. Since this is typically a public infrastructure, public 

funding is difficult to justify because the benefits of such investments will be perceived in the far future, more than 

10 years starting from introduction, and assuming a significant installation rate in vehicles and infrastructure. A 

parallel introduction therefore of the same use case, but based on an indirect communication path (V2N2I resp. 

I2N2V) would create benefits much quicker for road users as well as for road operators. One example is the 

emergency vehicle approaching warning use case: An emergency vehicle is not approaching within a couple of 

msec, but has its planned path; if such path together with the actual position is distributed via cellular networks, 

there would be an immediate customer benefit, together with a safer and faster trip of the emergency vehicle itself. 

 

If the customer must pay for road usage, very often special road infrastructure based on CEN-DSRC, or number 

plate recognition techniques are operated by the road operator (tolling gantries). But even for tolling, systems 

based on V2N connectivity are in place, producing the tolling transactions with sensorial information of the vehicle 

and transmitting the transactions via V2N services to backend systems e.g. road pricing systems in EU countries 

like Belgium and Germany. 

 

As already mentioned above, a variety of other service providers around the vehicle need to be connected as a 

close as possible to their customers and their vehicles. Examples are insurance companies and maintenance and 

repair shops. They get their relevant data, either based on the vehicles installed V2N communication, or based on 

the connectivity the customer brings into the vehicle with his cellular devices and contracts. V2N communication 

plays an important role to get access to this kind of information, such as Baidu map providers. 

 

The mobile network operators and their suppliers are providing connectivity in various forms as an enabler 

function for the services mentioned above. 

 

Within the past 5 years, assisted and automated driving functions have had a very high rate of innovation. Together 

with higher levels of driving automation, now V2V/V2I address mainly new functionalities around situational 

awareness and cooperative driving needs. Automated driving will be programmed in a conservative driving mode 

due to safety reasons. With the growing penetration of highly automated driving vehicles, the need for cooperation 

between the vehicles will increase, which instantly will lead to a broader exchange of information between the 

vehicles, other traffic participants, and the related traffic infrastructure. Sensor sharing between vehicles, the 

exchange of planned paths and the negotiation between the vehicles about the driving manoeuvres are examples 
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for the exchange of rich information. This kind of communication creates new connectivity requirements, which are 

covered by new standardization efforts in 3GPP and other SDOôs (SAE, é). 

 

If traffic safety is in focus, from an ethical point of view safety should not be related to the individual ability to pay for 

safety functions. Sometimes itôs argued that safety for everybody can only be achieved by mandating V2V/V2I 

connectivity, to get V2V technologies even into low budget vehicles without investing into high-end sensors. As it 

would still be a low budget vehicle the customer would be able to benefit from an informational service, still with the 

need of driver interaction. Generally, informational safety is a low-cost variant. Conversely, active safety includes 

active control of vehicle behaviour, which results in high costs in the vehicles.  

 

Regarding ñsafety for everybodyò, low cost vehicles are equipped already with cellular connectivity. Because its 

ñonlyò informational safety, the distribution of safety relevant information out of backend-systems via V2N would 

create much faster a positive safety effect than a distribution via direct communication only. Also, the higher latency 

would create only a minor negative impact, because the driver has to react anyhow with a latency of about 200 

msec.  

 

Prerequisite for V2N is sufficient coverage and throughput of the cellular network. Statistics show that in all 

industrial countries network coverage has been and will be even more increased to levels above 95%. 

 

1.3 Description of V2X connectivity  

 
Cellular connectivity in the vehicle is a matter of fact because nearly every car manufacturer is equipping newly 

produced vehicles with cellular connectivity for the following reasons: 

Å Functional reasons: more and more vehicle related functionality needs backend connectivity, such as map 

updates, software updates over the air, traffic information and online navigation, remote control functions 

and others. 

Å Driver safety reasons: a variety of safety services relying on cellular connectivity, such as eCall, or hazard 

warnings out of backend services (see e.g. Daimler V2X services[2]) 

Å Customer relationship reasons: because the OEMs can get a much closer contact to their customers, 

examples are services e.g. tele-diagnostics or preventive maintenance. 

Å Customersô experience: the customer expects to use the services which they are accustomed to using 

outside, also inside the vehicle, regardless whether they are the drivers or the passengers.  In an 

automated driving mode the customer will be both the driver and the passenger. 

 

So there is no doubt in the automotive industry that vehicles have to be equipped with cellular technology. With 

regard to the safety use cases mentioned above, also from a political point of view, the need for cellular connectivity 
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is evident, as indicated for example in major ITS programs, such as the ITS masterplan of the EU1, the mandate for 

the introduction of eCall, and others. 

 

Regarding the V2V/V2I safety use cases which were initially planned in the C-ITS masterplan of the EU, some 

OEMs have already implemented the majority of these use cases by a combination of smart sensors in the vehicle 

and information collected from backend services (based on V2N communication). Examples in this area include:  

Å Forward collision warnings based on crowd sourced sensor information of location and the speed of 

multiple vehicles (see for example commercial services at HERE, TomTom, Inrix et al.), and  

Å Hazardous location warnings emanating from a backend service based on emergency brake lights or 

blocked lanes indicated by crowd sourced vehicle sensor information (see e.g. Daimler, V2X series 

product). 

 

If a safety function relies on data coming from other cars, and shall provide active safety, the latency of the network 

must be very limited to not more than 100ms. Otherwise the information has to be transmitted directly between the 

vehicles, the traffic infrastructure, or the pedestrians, with lower latency. Examples for active safety use cases in 

ITS are  

Å direct V2V (Vehicle to Vehicle): e.g. a driving ahead vehicle transmits the CAM (Cooperative Awareness 

Message) to surrounding vehicles that it brakes, a vehicle which is planning to overtake transmits the CAM 

to overtake, etc.), and  

Å V2I (Vehicle to Infrastructure): e.g. a traffic light transmits the estimated signal phase to the surrounding 

vehicles (SPAT (Signal Phase and Time), a (mobile) construction works vehicle transmits information 

about speed limits, blocked lanes and others to surrounding vehicles. 

 
Since more than 15 years in Intelligent Transport Systems (ITS) a worldwide harmonized spectrum in the 5.9 GHz 

band is dedicated to traffic safety-applications. The IEEE standard 802.11p was chosen as the communication 

stack for active safety functions. Within that time frame of the past 15 years, authorities, the automotive industry, as 

well as road operators tried to deploy communication infrastructure in a broader range. But besides a variety of 

research prototypes and deployments with a small number of vehicles and/or traffic RSUs, this approach was 

never successful. The only exception is the implementation of Cadillac Vehicle-to-Vehicle in 2017[3] and the 

announcement of VW to equip their group vehicles (with IEEE 802.11p) from 2019 on. 

 
Now, with the availability of a 3GPP based functionality for direct communication, an alternative to the traditional 

IEEE 802.11p communication exists, which can combine the strengths of cellular connectivity based on V2N 

communication with the strengths of direct communication within one, harmonized technology stack. Since in the 

automotive industry cellular connectivity is needed for a variety of other purposes, the direct C-V2X communication 

can be established in conjunction with the deployment of cellular connectivity which is done anyway. 

                                                        
1 EU C-ITS masterplan: a hybrid communication is approach is proposed which combines cellular technology with 
other technologies, e.g. for short range communication. http://eur -lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX:52016DC0766 
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C-V2X entails the Uu based V2N/V2N2V/V2I/V2N2P connectivity with the PC5 based V2V/V2I/V2P connectivity. 

But because there is no fundamental discussion about the need of cellular based backend connectivity, this white 

paper concentrates on the benefits of PC5 technology for V2X and how to deploy it. On the other hand, it takes all 

V2N aspects into account, which needs to be clarified for the introduction of a PC5 based connectivity: 

 

Operationally PC5 can be established between  

Å vehicle and vehicle (V2V),  

Å vehicle and traffic-infrastructure or other RSUôs (V2I), and  

Å between vehicle and so-called Vulnerable Road Userôs (VRUôs), whether they are pedestrians, cyclists, 

motor-cyclists, or other traffic participants (V2P). 

Therefore, all the above-mentioned entities are described in the white paper. 

 
The automotive use cases attached to a direct communication mode are mainly safety relevant use cases. So, the 

communication needs to be established, regardless of network availability. In the case a backend connection 

cannot be established, the direct (PC5) communication has to function Because, most likely the entities are using 

their Uu based V2N connectivity in parallel for other services beside safety, various network operator subscriptions 

are used. A PC5 based ecosystem therefore needs to be able to work regardless to what mobile operator network 

the UE is belonging to, which is also discussed in the white paper. 

 

Besides all technical aspects, the direct communication is a specific matter of trust, because normally, no 3rd party, 

like a network operator, is involved in establishing the communication. If one vehicle is not able to trust the 

information transmitted via PC5 communication, e.g. a hazard warning as a DENM, it might not make use of this 

information. The already specified security systems for direct communication are supported fundamentally by C-

V2X, because on the one hand all security and data privacy rules can be deployed for the C-V2X direct 

communication in the same way as they are specified for IEEE 802.11p, on the other hand they benefit from the 

V2N capabilities for the operational purposes, such as distribution and renewal of certificates and certificate 

revocation lists. 

 

These are the reasons why this C-V2X white paper focuses on the PC5 direct communication with special regard 

to 

Å different types of C-V2X UEôs (vehicles, pedestrian, road side infrastructure) involved, 

Å different network providers involved, including that no network coverage exists, and 

Å The security management system components which establishes a level trust between the various entities. 
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Figure 1.3-1 Illustration of the Focus of the White paper in blue 

 

1.4 Use cases and application requirements  

 
Different standard organizations and industry alliances have defined the use cases and application requirements of 

V2X. Some of them are global standard organizations, such as 3GPP. The others are regional standard 

organizations such as ETSI, C2C-CC in Europe, US-SAE, CCSA, C-ITS and SAE-china in China. In general, the 

V2X applications can be categorized into three types: road safety, traffic management & efficiency and infotainment. 

Annex A describes some typical use cases. Some of the use cases are event triggered such as traffic jam or road 

work warnings and some require frequent and periodical transmission such as Intersection Collision Warning. The 

requirements of the different use cases in each application type are very similar however, the requirements for 

different application types are diverse. The following are requirements of these typical applications. 

 
Road safety application 

The main objective of road safety application is to reduce traffic collision and improve road safety. The main 

requirements are the following: 

V Coverage 

Vehicle/pedestrian/RSU shall be able to communicate with adjacent vehicle/pedestrian/RSU. The 

communication happens mainly in a single hop coverage. It requires that vehicle/pedestrian/RSU shall 

be able to transmit and receive messages in and off network coverage. 

V Latency 

In order to avoid collision, the end to end latency is required to be very low between a vehicle, a 

pedestrian and a RSU.  

V Reliability 

For road safety applications, the reliability of communication shall be very high regardless of in 

coverage and off coverage. 

V Throughput 
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Throughput is very limited. 

V Predictability  

Because the network is not able to provide coverage, latency, reliability in every kind of situation, it is 

important to get information about when and where network KPI canôt be fulfilled. 

V Communication range 

The communication range is mainly determined by vehicle velocity, the driver reaction time and 

acceleration.  

V Velocity  

The vehicle could be at a very high absolute velocity (250 km/h). The maximum relative velocity is 

twice as high as the absolute velocity. 

V Multi-operatorôs operation 

It requires that the communication system shall be able to support message transfer between a vehicle, 

a pedestrian and a RSU when served or not served by the same Pubilc Land Mobile Network (PLMN) 

supporting V2X communications. 

 

Traffic management & efficiency application 

The primary objective of traffic management & efficiency applications is to improve traffic fluidity. The main 

requirements are as follows: 

V Coverage 

Vehicle/pedestrian/RSU shall be able to communicate with adjacent and remote 

vehicle/pedestrian/RSU. It requires that vehicle/pedestrian/RSU shall be able to transmit and receive 

messages in and off network coverage. 

V Latency 

Different use cases have different latency requirements.  

V Reliability 

The reliability of communication should be high because a loss of communication would result in a loss 

of traffic management services. 

V Throughput 

Throughput can be high, e.g. navigation map data has been provided and updates continuously  

V Predictability  

Because the network is not able to provide coverage, latency, reliability in every kind of situation, it is 

important to get information about when and where network KPI canôt be fulfilled. 

V Communication range 

The traffic management services have a long communication range as well as a short communication 

range. 

V Velocity  

The vehicle could be at very high absolute velocity (250 km/h). The maximum relative velocity is twice 

as high as the absolute velocity. 
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V Multi-operatorôs operation 

It requires that communication system shall be able to support message transfer between a vehicle, a 

pedestrian and a RSU when served or not served by the same PLMN supporting V2X communications.  

 

Infotainment application 

Infotainment application provides the local and global internet services by advertising and providing on-demand 

information to passing vehicles on either a commercial or non-commercial basis. The objective of infotainment 

applications is to make drivers and passengers convenient and comfortable, and allow the OEMs to manage the 

customer relationship over the vehicles life cycle.  

V Coverage 

Vehicles can move everywhere. Coverage is a prerequisite to provide the continuous infotainments.   

V Latency 

The latency is not critical for infotainments reliability 

V Reliability  

a prerequisite to provide the continuous infotainments. 

V Throughput 

Throughput can be very high. For example, the throughput requirements of several passengers in one 

vehicle watching individual video streams. 

V Predictability  

Because the network is not able to provide coverage, latency, reliability in every kind of situation, it is 

important to get information about when and where network KPI canôt be fulfilled. 

V Communication range 

The infotainment services have a long communication range as well as a short communication range. 

V Velocity  

The vehicle could be at very high absolute velocity (250 km/h). The maximum relative velocity is twice 

as high as the absolute velocity. 

V Multi-operatorôs operation 

There are no additional requirements for multi-operator operation, compared to todayôs mobile 

broadband services and existing roaming agreements. 

 

To summarize, communication varies from in coverage to off coverage scenarios. The latency ranges from 50 ms 

and below to more than 1s. The reliability varies from low (best effort) to high (ñfive 9ôsò). The throughput ranges 

from several kbit/s to tens of Mbit/s. The communication range varies from short range (300 m and below) to long 

range above 2 km. The absolute velocity ranges up to 250km/h and the relative velocity is up to 500km/h. Actually, 

some use cases have been deployed by current cellular communication technology, except for those use cases 

requiring low latency and high reliability. In order to support all these use cases and meet these diverse 

requirements of V2X, the enhancements of Rel. 14 based on LTE are introduced.  
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2 Technology overview of C-V2X  
 
In 2015, 3GPP specified V2X features to support V2X services based on the LTE system in Rel. 14. The V2X 

specifications cover vehicle-to-vehicle (V2V) and vehicle-to-infrastructure (V2I) requirements and the first 

publication of the specifications were in September 2016. Further enhancements to support additional V2X 

operational scenarios in Rel. 14 were completed in June 2017 [4]. V2V communications are based on Device-to-

Device (D2D) communications defined as part of Proximity Services (ProSe) services in Rel. 12 and Rel. 13 of the 

specifications [5] . As part of ProSe services, a new D2D interface designated as PC5 was introduced to support 

enhanced vehicle to vehicle communication use cases, specifically addressing enhancements to support vehicles 

communications V2X requirements. Enhancements were introduced in order to handle high relative vehicle speeds 

(Doppler shift/ frequency offset) up to 500Km/h, synchronisation operation outside eNB coverage, improved 

resource allocation, congestion control for operation in high traffic load, and sensing and traffic management for 

different V2X services.  

 

Two modes of operation for V2V communications for LTE based V2X were introduced in Rel. 14: 1) 

communications over peer to peer PC5 interface (V2V) and 2) communications over LTE-Uu interface (V2N). V2V 

communication over PC5 interface is supported via two modes: managed mode (PC5 Mode 3) which operates 

when the Vehicle UE is scheduled by the network, and unmanaged mode (PC5 Mode 4) which operates when the 

vehicle UEs communicate independently from the network as shown in Figure 1.4-1. PC5 Mode 4 scheduling and 

interference management of traffic is supported based on distributed algorithms between vehicles while PC5 Mode 

3 scheduling and interference management of V2V traffic is assisted via the base station (eNB) by control signalling 

over the Uu interface.  Both single and multi-operators, deployment scenarios are supported with the additional 

benefits arising from the use of the Uu based connectivity in conjunction with broadcast services.  

 

Figure 1.4-1 Vehicle to Vehicle direct communication modes of operations 
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2.1 Description of C-V2X Technology  

 
3GPP both enhanced the Uu interface (indirect communication) and PC5 interface (direct communication) to 

support the low latency and high reliability V2X service. The sidelink was specified to operate either overlaid to 

cellular spectrum or in dedicated bands. Device-to-Device (D2D) operates on Uplink (UL) carrier for FDD spectrum 

while for TDD spectrum it operates on UL subframes. In terms of the communication link D2D communication can 

be either unicast or broadcast using open-loop communication. Support of Quality of service (QoS) via per packet 

priority and UE-to-network relaying were added later on in Rel. 13. D2D communications operate in two modes: 

Mode 1 (network scheduled) in which the UE requests resources and eNB schedules; Mode 2 works as an 

autonomous mode which uses a resource pool configuration, e.g. via eNB, and the UE selects autonomously D2D 

resources from the pool. In order to have an efficient D2D communication, a common time reference is needed. 

Local synchronization is achieved by a distributed synchronization protocol, which includes relayed distribution. 

Detail descriptions of the D2D feature can be found in[6][7][8].   

Some of the key areas of enhancements were added to the D2D feature in order to support V2V 

communications: 

- Mode 1 from D2D was enhanced to mode 3 for V2X, similarly, mode 2 from D2D was enhanced to 

mode 4 for V2X. 

- Additional reference symbols to handle high Doppler associated with relative vehicle speeds up to 

500km/h were introduced. 

- A new arrangement of scheduling assignments and resource allocation to allow reduced latency and 

better performance in high vehicle densities was developed. 

- Sensing with semi-persistent transmission based mechanism for the unmanaged or off coverage 

mode (mode 4) was incorporated, in order to sense congestion on resources and estimate future 

congestion on those resources.  

- Enhancements were included to use GNSS for time synchronization in the off coverage scenario.  

Additional enhancements to the Uu interface to improve the latency, capacity, and reliability performance of 

LTE Uu interface by enhancing UL unicast and DL multicast/broadcast including:  

- eMBMS enhancements by shortening the Multicast Control Channel (MCCH) repetition time 

- introducing the new QoS for V2X services 

- localize the eMBMS deployment to minimum backhaul delay   
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2.2 Architecture of C-V2X Technology  

 
As shown in Figure 2.2-1, the UEs within the system can communicate with each other through PC5 and LTE-Uu 

interface. A new module ñV2X control functionò is introduced in the V2X architecture. The V2X Control Function is a 

logical function that is used for network related actions required for V2X which is used to provision the UE with 

necessary parameters in order to use V2X communication. It is used to provision the UEs with PLMN specific 

configuration parameters that allow the UE to use V2X in this specific PLMN. V2X Control Function is also used to 

provision the UE with configuration parameters that are needed when the UE is not served by the network (off 

coverage). 

 

It should be noted, that mode 4 works even without a valid MNO subscription in the vehicle (e.g. the subscriber 

contract is not prolonged). In that case, mode 4 operates with the parameters preloaded to the PC5 modem. 

 

For the application domain, a new server called ñV2X Application Serverò is introduced into V2X communication 

system to process the data of V2X communications.  V2X server is an important carrier of V2X applications. 

Currently, there are many possibilities for the operation of V2X application servers such as OEMs, MNOs, ITS 

service providers, and third parties. In order to meet different needs of V2X applications, V2X application servers 

can be deployed in different places, e.g. at the edge of the network. For this purpose, there is currently a work-item 

in ETSI MEC on V2X API, standardizing solutions in that perspective. Such edge application servers can co-exist 

with the central application servers, and will play an important role in many V2X use cases such as HD map 

download. 

 

Also, security in a V2X system is important. All communication through LTE Uu and PC5 interfaces need to be 

protected. Security features will have to provide original message authentication, integrity, optional encryption, and 

privacy protection in either network or application layer. 

 

 
 

 

 

Figure 2.2-1 Architecture of C-V2X technology 
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3 Advantages of C-V2X  
 
Adding to V2N the introduction of C-V2X for V2V and V2I has a variety of advantages. 

 

There are technical advantages described in various white papers and documents; e.g. from GSMA [9][10]and 

5GAA[11][12] , like  

¶ technical performance, 

¶ scalability, 

¶ harmonized cellular technology stack, 

¶ usage of cellular broadcast technologies, and 

¶ functional redundancy. 

 

There are also several non-technical advantages, like  

¶ penetration with communication technology and the size of the eco-system, 

¶ ease of upgrading of existing networks, 

¶ possibility of including other traffic participants, such as Vulnerable Road Users (VRUs), into the eco-

system, 

¶ synergies of infrastructure investments between road operators and telco operators, and 

¶ future proof and evolution road-map in 3GPP standardization, which has its evidence in the track record of 

innovation in the 3GPP eco-system. 

¶ Synergies with other verticals that are currently supported by 3GPP such as IoT, public safety, etc. 

 

In the following chapters, the technical as well as the non-technical advantages are described in detail. 

 

3.1 Performance comparison between IEEE 802.11p (DSRC) and LTE-V2X  

 
Within the NGMN task force on V2X, a number of companies (Datang, Ericsson, Huawei, LGE, Nokia) provided 

comprehensive simulation results on link level as well as system level for LTE-V2X PC5 compared to 

DSRC/802.11p. The simulation considered both mode 4 and mode 3 on system level. The simulation assumptions 

and parameters are described in Annex B. The results in this section are excerpts from the detailed system level 

simulations.  

 

The following three figures show the system performance results that are provided by different companies to 

compare 3GPP LTE-V2X Mode 3, Mode 4 and IEEE 802.11p. The bar graphs show on the y-axis the 

communication range achieved in the specific scenario that is stated on the x-axis, assuming in Figure.3.1-3 a PRR 

of 80%, a PRR of 90% in Fig.3.1-4 and a PRR of 95% in Fig. 3.1-5. Each figure covers results related to four 

scenarios: 

¶ Urban environment with average speeds of 15 km/h and 60 km/h 

¶ Freeway environment with average speeds of 70 km/h and 140 km/h  
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For each scenario and technology, the middle bar shows the average value of SLS results provided by the different 

companies. In those simulations where only one company provided simulation results, only the middle bar is 

presented. The narrow bars beside the average present minimum and maximum values. It is obvious from the 

results that 3GPP LTE-V2X outperforms IEEE 802.11p in all scenarios. The communication range for LTE-V2X 

mode 3 and mode 4 is always larger than the range achieved with IEEE 802.11p.  

 

 
 
Figure 3.1-1  Comparison SLS Results ï 80% PRR ï IEEE 802.11p vs Mode 4 vs Mode 3, driving scenarios 

Urban (15 km/h and 60 km/h), and Freeway (70 km/h and 140 km/h) 
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Figure 3.1-2 . Comparison SLS Results ï 90% PRR ï IEEE 802.11p vs Mode 4 vs Mode 3, driving scenarios 

Urban (15 km/h and 60 km/h), and Freeway (70 km/h and 140 km/h) 

 

 
 

Figure 3.1-3  . Comparison SLS Results ï 95% PRR ï IEEE 802.11p vs Mode 4 vs Mode 3, driving 

scenarios Urban (15 km/h and 60 km/h), and Freeway (70 km/h and 140 km/h) 

 
The SLS result, when operating 3GPP LTE-V2X mode 3, shows in all evaluated scenarios the largest (green bars) 

communication range, whilst IEEE 802.11p shows the smallest communication range (red bar). The results for 
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3GPP LTE-V2X mode 4 shows communication range larger than IEEE 802. 11p, but smaller than 3GPP LTE-V2X 

mode 3. For 3GPP LTE-V2X mode 4, the channel resources are scheduled in a decentralized manner among UEs 

based on channel sensing. The main contributing factors to the improved performance of 3GPP LTE-V2X mode 4 

over DSRC include  

¶ Sensing capability: Utilizing the periodic nature of ITS messages in both time and frequency domains 

¶ Frequency Division Multiplex (FDM): Radio resource multiplexing amongst vehicles 

¶ Link level performance: Improved channel coding and FDM gain 

 

The main improvement from 3GPP LTE-V2X mode 3 is the centralized scheduling mechanism, which: improves 

interference avoidance through eNB controlled radio resource assignment2 

 

LTE-V2X mode 3 shows some gains compared to LTE-V2X mode 4 in scenarios where vehicles are exposed to 

high interference power from nearby UEs transmitting at the time. Note, some simulations of LTE-V2X mode 3 

have been done in ideal conditions, not taking into account low accuracy of vehicle positions, the number of served 

vehicles, and the changing periodicity of the ITS messages (CAMs and BSMs). Moreover, semi-persistent 

scheduling is assumed. Also, in reality, there will be a mix of vehicles in mode 3 and mode, which has not been 

considered in the simulations. 

 

From the larger communication range of 3GPP LTE-V2X compared to IEEE 802.11p an equivalent benefit for the 

drivers can be derived: 

¶ The increased communication range of 3GPP LTE-V2X with respect to IEEE 802.11p provides evident 

safety benefits, as the drivers have a higher chance to get safety information sooner due to the larger 

communication range. As a consequence, more time is given to a driver to prepare, since the approaching 

vehicles can be informed in advance by LTE-V2X in comparison to IEEE 802.11p. This gives an evident 

additional gain for the driver in terms of time margin for reacting to sudden behaviours or accidents; 

¶ A larger communication range includes more vehicles. Drivers can also have a higher chance to get 

informed in time as they have more vehicles within the communication range. 

3.2 Scalability 

Scalability issues are attracting attention especially in the presence of both a high density of vehicles and complex 

movement behaviours. The high vehicle density scenario, such as speed of 15km/h in urban, is evaluated in SLS to 

investigate the scalability performance, i.e., to examine how reliably basic safety features can be served in such a 

high vehicle density case. The average PRR performance versus distance is compared of LTE-V2X PC5 mode 3 

and mode 4 with that of the IEEE 802.11p. The asynchronous Enhanced Distributed Channel Access (EDCA) 

mechanism of IEEE 802.11p is considered. The congestion control schemes defined in 3GPP Rel-14 however are 

                                                        
2Compared with the decentralized scheduling of Mode 4 operation, the centralized scheduling of mode 3 
operation requires additional signaling communication over the Uu interface between the UE and the eNB on a 
separate frequency band. 
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not included in SLS results. Based on the results of SLS in Section 3.1, it demonstrates that both LTE-V2X PC5 

mode 4 and mode 3 can guarantee a significantly larger communication range than IEEE 802.11p for a given 

reliability requirement both in urban scenarios and in freeway scenarios (in particular in the urban scenario of 

absolute speed 15km/h). Under the same density of vehicles, the performance of LTE-V2X is better than IEEE 

802.11p, which also means that 3GPP LTE-V2X is more scalable than IEEE 802.11p. Based on the SLS results, 

for the given reliability, the larger communication range of LTE-V2X PC5 mode 4 and mode 3 than IEEE 802.11p 

can be achieved. The spectrum for vehicular communications can therefore be more efficiently utilized. In the 

particular area, a higher amount of vehicular communication links can be supported with an acceptable reliability. 

 

It is noted that simulations under ideal conditions show that performance of LTE-V2X PC5 mode 3 is slightly better 

than LTE-V2X PC5 mode 4, however considering the penetration rate (discussed below in Section 3.4) mode 4 

would suffice for many years to come. NGMN believes therefore that mode 4 is a good starting scenario for 

V2X/PC5 communication, which can be easily scaled up to a mode 3 operation when needed.  

 

3.3 Harmonized Cellular Technology  

 

Cellular modem chipsets have been already integrated into commercial modules that are an integral part of the 

Telematics Control Unity (TCU) of modern vehicles. The modules are designed by specialized suppliers and 

prepared to fulfil the automotive requirements, the so-called automotive grade, e.g. temperature resistance, 

vibration etc.. Those existing automotive cellular modules enable current and future automotive and ITS 

applications, such as toll collection, on-board vehicle telematics and fleet management, in-vehicle infotainment (IVI) 

systems, breakdown support or roadside assistance. Those modules also typically combine cellular modems with 

GNSS receivers, WLAN capabilities, application processors, etc. Inside the modules, the cellular modem chipsets 

are integrated systems compatible with 2G, 3G and 4G technologies. More recently, modem chipset vendors have 

also added 5G to this list for future products.  

With the 3GPP LTE Rel.14 specifications, cellular modem chipset vendors started to introduce sidelink/PC5 in the 

feature set of their cellular V2X products. There are two basic approaches for the introduction of V2X sidelink/PC5 

enabled chipsets:  

¶ Standalone cellular V2X sidelink in a companion chip, or 

¶ Integrated cellular V2X in a single chip. 

Each of the approaches can be detailed as follows: 

¶ Standalone V2X chip is a dedicated sidelink/PC5 chip package that provides only V2V capabilities. It can 

provide mode 4 only capabilities providing a similar solution as a DSRC standalone chip. It has the 

potential to be combined with different cellular products and possibly with chipsets from other vendors. It is 

a foreseen solution for the short term and initial deployments. Those standalone chips allow module 
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manufacturers to combine cellular modem chips from different manufacturers allowing them a higher level 

of flexibility. On the downside it increases the system integration effort and the number of suppliers in the 

chain, resulting in higher overall costs. 

¶ An integrated V2X solution shares existing modem features, capabilities and resources between 

sidelink/PC5 and downlink/uplink/Uu interfaces. It clearly reduces area and system integration effort for 

module and TCU manufacturers, and, as a consequence, for automotive OEMs. Fully integrated solutions 

also permit an easier future deployment of sidelink/PC5 in smartphones and wearables to support V2P 

and P2V use cases. It is much simpler and straightforward to provide mode 3 support in an integrated 

modem. Moreover, an integrated modem is a long-term solution and extremely necessary due to the 

support of several generations of cellular technologies, i.e. 2G, 3G, 4G and 5G. 

Independent if the sidelink/PC5 modem is provided as a standalone or integrated solution, chipset vendors are able 

to reuse a number of intellectual property blocks developed for cellular technology, especially in the physical layer 

subsystem.  

The protocol stack of the sidelink/PC5 access layers has many commonalities with the 3GPP downlink/uplink/Uu 

interface, such that an integration further reduces complexity, software and memory size, and therefore further 

reducing chip area. 

Higher layer protocols, i.e. above the access layer, are the same for DSRC and 3GPP LTE-V2X systems. In some 

use cases the higher layer protocols will be employed for communication through the downlink/uplink/Uu interface. 

An integrated sidelink/PC5, uplink and downlink/Uu solution would be beneficial for those use cases also. 

This all reduces the development time, complexity and overall chipset costs. 

3.4 Penetration rate challenge for sidelink communication  

 
As C-V2X sidelink (PC5) as well as 802.11p are a direct communication technology, the user perceives only a 

benefit, if the vehicle is in the near vicinity (approx. 300-400m distance) of another vehicle which is also equipped 

with C-V2X sidelink (PC5) or 802.11p respectively. The penetration rate of vehicles equipped with direct 

communication is therefore highly critical for the effectiveness of V2V use cases. 

 

As an example, in Europe there are approx. 290 Mio passenger vehicles registered. Every year, approximately 16 

Mio new passenger vehicles are sold in the market. Based on different introduction scenarios, such as mandating 

for every sold vehicle, mandating for every new vehicle type-approval, etc., studies showed that a penetration rate 

of 20% is realistic between 6-8 years from the point of starting the delivery of sidelink-equipped vehicles (see. e.g. 

introduction scenarios Figure 3.4-1). For the day-one use cases of the EU C-ITS masterplan, first effects of a direct 

communication technology are perceived with a penetration rate of more than 20%. 
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Every technology which uses direct communication methods has to overcome the introduction barriers of sidelink. 

Whether itôs the private investment into a new vehicle, or the public investment into a traffic roadside infrastructure, 

the investor has to accept that only after a period of 6-8 years the first benefits of the investment can be achieved. 

 

 
 

Figure 3.4-1 Expected penetration rate of sidelink communication technology in the field after start of 

deployment (see SimTD3), and the effect of parallel communication of messages on sidelink (PC5) 

and network (Uu) channel 

 
NGMN therefore believes that the mixed introduction of C-V2X sidelink (PC5) and C-V2N (Uu) connectivity is the 

appropriate way to get the customerôs acceptance. If for example a DENM or BSM was sent out in parallel on 

sidelink/PC5 channel and network/Uu channels, it would enable vehicles that are equipped with V2N only modules 

to receive this message. This would instantly generate a benefit for vehicles equipped with PC5 capable modules, 

because other vehicles not equipped with PC5 are able to react accordingly. Also, vehicles equipped with V2N/Uu 

only modules would transmit and receive DENM/BSM on the Uu, and would be able to benefit from these 

messages even without the presence of PC5 capable modules in the vehicle.  

 

 

 

 

 

 

 

                                                        
3 http://www.simtd.de/index.dhtml/object.media/deDE/8013/CS/-
/backup_publications/Informationsmaterial/simTD_factsheets_2013_de_web.pdf, page 24 

http://www.simtd.de/index.dhtml/object.media/deDE/8013/CS/-/backup_publications/Informationsmaterial/simTD_factsheets_2013_de_web.pdf
http://www.simtd.de/index.dhtml/object.media/deDE/8013/CS/-/backup_publications/Informationsmaterial/simTD_factsheets_2013_de_web.pdf


 

29 

 

Table 3.4-1 Car-to-X via Cellular Radio in E-Class 2016 (presented by Daimler at 5GAA policy debate 

ñCellular V2X technology paving the road to 5Gò, Dec. 5th, 2017, Brussels. Presentation title: ñDaimlerôs 

perspective on Car-to-X Technologiesò) 

 
 

 
Table 3.4-1 shows, how a premium vehicle manufacturer already uses the V2N/Uu for message distribution to 

other vehicles in the vicinity. Several announcements of car OEMs indicates, that V2X messages are not only 

distributed within a dedicated OEM fleet, but also are shared between several car OEMs. To that effect, data 

aggregators and map providers, e.g. HERE and TomTom are playing an important business role in sharing and 

distributing of such safety related messages. 

 

Also for traffic road side units, e.g. traffic lights, the parallel distribution of some of the messages for a GLOSA 

(Green Light Optimal Speed Advisory) service, e.g. SPAT/MAP message, via I2V/sidelink (PC5) and I2N/network 

(Uu) would create instant benefits for those vehicles that are equipped with a V2N capability only4. Also for signage 

applications, which are already supported by advanced sensor technology like in-vehicle signage, in-vehicle speed 

limits, or signal violation, the distribution via I2N would create immediate benefits. 

 

NGMN believes therefore that for investments in traffic infrastructure, it is worth to invest into a combined message 

distribution with C-V2X technology, PC5 and Uu. 

 

3.5 Dissemination of information using cellular broadcast  

 
With over 30 Milions of connected cars running on the road worldwide, automotive OEMs are finding ways to 

produce vehicles that are more aware of their surroundings. Key OEMs are planning to spend $35 billion per year5  

across autonomous, connected and electrification strategies until 2025 to develop advanced vehicle technologies 

globally.  Autonomous technologies continue to be the largest investment, averaging $1.4 billion per OEM between 

                                                        
4 Note that for these kind of use cases the latency argument is not the relevant argument for PC5, but the 
reliability argument, because the PC5 would work regardless whether the network is available (V2N) or not (PC5). 
5 per Frost and Sullivan research in August 2017 
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2015 and 2025. Sending information to these cars is important for a variety of different use cases. Mobile network 

operators have the tools and capabilities to disseminate C-V2X information to vehicles via different transmission 

methods such as unicast, multicast and/or broadcast. The choice of the transmission method depends on many 

factors and up to operatorsô deployments and customersô requirements.  

 

 
 

Figure 3.5-1 Scotiabank, BI Intelligence Estimates 2015 

 
LTE Broadcastôs one-to-many capabilities (also known as eMBMS, and LTE Multicast) has been used to offload 

the bandwidth intensive media content like video streaming to achieve spectral efficiency. However, this technology 

can also be used to communicate messages between vehicles with or without C-V2X capabilities. For example, 

when a C-V2X enabled vehicle generates safety messages, the messages can be sent to other vehicles in the 

vicinity with or without C-V2X capabilities. Furthermore, the generated safety messages can be sent via LTE 

Broadcast to road operators or emergency services to provide the appropriate support if necessary. 

 

Itôs worth noting that there is another radio efficient broadcast technology called Single-cell Point to Multipoint (SC-

PTM). SC-PTM reuses the existing LTE Broadcast architecture, but the multicast area can be dynamic and can be 

targeted to a single cell. This is important when there is requirement to target appropriate messages to different 

smaller target areas. 
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3.6 Functional redundancy and resilience  

 
In general, as a measure of increased reliability, the PC5 interface between vehicles and RSUs and the Uu 

interface between vehicles and the network can be used as functionally redundant communication channels. 

Redundancy can be supported on: 

 

¶ physical communication level using different spectrum/frequencies, protocols, and possibly hardware 

components 

¶ application level using different application modules linked with the physical levels 

The duplication of messages via relatively independent channels can reliably support very critical safety use cases. 

The use of the Uu interface benefits also from the inherent broadcast mechanisms leading to a more efficient use 

of spectrum. In addition, the use of edge computing can also be considered as a concept of increasing local 

resilience. The seamless access to the edge cloud and the local applications running on it would also be possible if 

elements of the core network or links to the central clouds via external gateways failed. 

 

3.7 Ease of Upgrading Existing Network Technologies  

 
3GPP based Cellular-V2X technology can address all known use cases and can also address future ITS use cases 

offering full flexibility for different business models. LTE is a globally deployed technology and therefore meets the 

requirements of a globally organized automotive industry. When augmented with Multi-access Edge Computing 

(MEC), LTE advanced, LTE-Advanced Pro, NB-IoT and LTE vehicle-to-everything (V2X), it provides a viable and 

cost-effective solution that can accelerate the adoption of V2X communications by transport authorities and the 

automotive industry. LTE is continuously evolving and 3GPP continues to standardize the building blocks for this 

evolution path towards 5G (Rel. 15 onwards) bringing great enhancements in radio performance. In particular, 

starting with LTE Advanced Pro, multi-Gbps data rates, higher spectral efficiency and latency in the order of a few 

milliseconds are supported, enabling a number of new application scenarios for vehicular connectivity. 


















































































































