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Executive Summary
This deliverable describes the use cases, architecture and spectrum plan of the 5G-DRIVE project. Use
cases aim at illustrating real-life situations where the technologies and solutions proposed in 5GDRIVE can be applied to the two project scenarios – Enhanced Mobile Broadband (eMBB) and
Internet of Vehicles (IoV, also referred throughout this document as V2X communications). 5G-DRIVE
proposes two eMBB use cases (Cloud-Assisted AR/VR and Indoor Positioning) and two V2X use cases
(Green Light Optimal Speed Advisory (GLOSA) and Intelligent Intersection).
5G-DRIVE use cases will be demonstrated through real-life trials, each one featuring its own
architecture encompassing all the software, hardware, network infrastructure and services needed
to implement the trial. To this extent, this deliverable describes the architectural design of the EU
and Chinese trials. In addition, it also introduces the concept of joint architecture – an iterative and
collaborative approach towards the realisation of an architectural design comprising the most salient
features of both the EU and Chinese trials.
Finally, this document discusses some key radio spectrum aspects for the deployment of eMBB and
V2X services across the EU and China. Since frequency allocation is a competence of national
authorities, the spectrum plan for eMBB and V2X in the EU and China can easily differ. In particular,
this deliverable focuses on the different approach followed by EU Member States (based on a
harmonised approach proposed by the European Commission) and the Chinese government in the
deployment of 5G networks and short-range vehicle-to-everything services (V2X).
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1

Introduction

The socio-technical evolution in the last few decades has been significantly driven by the evolution of
mobile communications and has contributed to the economic and social development of both
developed and developing countries. Mobile communications have become closely integrated in the
daily life of the society as a whole [1]. It is expected that the socio-technical trends and the evolution
of mobile communications systems will remain tightly coupled together and will form a foundation
for society in 2020 and beyond [2]. In the future, however, it is foreseen that new demands, such as
more traffic volume, many more devices with diverse service requirements, better quality of (user)
experience (QoE) and better affordability by further reducing costs, will require an increasing number
of innovative solutions.
A connected society in the years beyond 2020 will imply to accommodate a comparable user
experience for end-users on the move and when they are static (e.g. at home or in the office). To
offer the “best experience” to highly mobile users and communicating machine devices, robust and
reliable connectivity solutions are needed as well as the ability to efficiently maintain service quality
with mobility. Maintaining high quality at high mobility will enable successful deployment of
applications on user equipment located within a moving platform such as cars or high-speed trains.
Connectivity on mobile platforms may be provided via International Mobile Telecommunications
(IMT), Radio Local Area Network (RLAN) or another network on that platform using suitable
backhaul.
In this context, 5G communications can facilitate connectivity, network access and service security of
different vertical sectors and be instrumental to the management and automation of business assets
and processes.

1.1

Terminology: Scenarios, Use Cases, Trials, Architecture

The 5G-DRIVE project is part of the H2020 ICT-22-2018 Call (“EU China 5G Collaboration”). This call
aims at performing a close collaboration between EU and China to synchronise 5G technologies and
spectrum issues before the final roll-out of 5G. The main scope is to conduct 5G trials addressing two
specific scenarios:


Enhanced Mobile Broadband (eMBB) on the 3.5 GHz band, which is a priority band in the
two regions for early introduction of very high data rate services. The applications used to
test and validate the use of eMBB in the 3.5 GHz band are typical mobile broadband services
as well as Virtual and Augmented Reality (VR, AR). This will be demonstrated in the Surrey,
Espoo and JRC Ispra trial sites.



Internet of Vehicles (IoV) based on LTE-V2X using the 5.9 GHz band for Vehicle-to-Vehicle
(V2V) and Vehicle-to-Infrastructure (V2I) services, as well as the 3.5 GHz band for Vehicle-toNetwork (V2N) communications. More specifically, the optimisation of the band usage in
multiple scenarios with different coverage is a key target, so as the validation of the
geographic interoperability of the 3.5 and 5.9 GHz bands for these use cases. This will be
shown by VTT, Dynniq and Vedia in the Espoo and JRC Ispra trial sites.

Each scenario will be illustrated by use cases describing particular applications of the technologies
and solutions defined in 5G-DRIVE to real-life situations. Subsequently, some of these use cases will
be demonstrated through project trials – i.e., tangible implementations of the use cases, each
featuring its own architecture comprising software/hardware components, services and network
infrastructure.

© 2018 - 2021 5G-DRIVE Consortium Parties
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1.2

Scope and Structure of this Deliverable

This deliverable describes the use cases, joint architecture and spectrum plan for the 5G-DRIVE
project.


The 5G-DRIVE use cases illustrate specific situations in which the technologies and services
developed in the context of the project could potentially be used. The various use cases
presented in this deliverable will cover the eMBB and IoV scenarios described in the ICT-222018 call. Section 3.1 and 3.2 discuss the 5G-DRIVE use cases for the eMBB and IoV scenarios,
respectively.



Each 5G-DRIVE use case will be demonstrated by a specific trial in one or more sites in the
project consortium. To do so, each trial will be underpinned by a specific architectural design
comprising the software/hardware components, network infrastructure and services needed
to support the experimental activities in the trial. Sections 4.2 and 4.3 describe the
underpinning architecture for the eMBB and V2X trials in 5G-DRIVE, respectively. In addition,
as part of the collaboration between the EU and Chinese projects foreseen in 5G-DRIVE,
section 0 presents the various architectures of the trials to be conducted in the Chinese
consortium. The concept of joint architecture in 5G-DRIVE is the output of an iterative
process aimed at comparing and contrasting the architectural proposals for the different
trials in the EU and Chinese consortiums. Its goal is to converge to an overall architectural
design reflecting the key characteristics of each eMBB and V2X trials in both consortiums.



Both eMBB and V2X services are delivered using communication technologies deployed in
different frequency bands. Since radio spectrum allocation is a competence of national
authorities, the radio spectrum plan for eMBB and V2X services in the EU and China can
easily differ. This is described in detail in section 5.

© 2018 - 2021 5G-DRIVE Consortium Parties
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2

Communications Standards for eMBB and V2X

Major international bodies such as 3GPP, ITU-R, ITU-T and ETSI are actively involved in the various
ongoing 5G standardisation processes. As 5G aims at integrating different domains (such as
mobile/fixed/satellite, licensed/unlicensed spectrum, IoT) it may become an issue how the standards
development organisations (SDOs) related to these specific domains will work together to define a
global 5G concept [3]. Figure 1 depicts such an intended progressive action, where fundamental
3GPP releases correlate to other SDOs’ actions and to the distinct Phases (I-III) of the 5G-PPP
program.

Figure 1: Proposed timeframe for 5G evolution, according to the EU policy and within the 3GPP and the 5G-PPP
joint context

5G critically depends on standards to ensure several among its core features such as interoperability,
security, privacy and data protection. Standards allow the existence of open markets for both the
final customers, who want to use different services from different providers, and providers wanting
to use different products from different suppliers to reduce costs and accelerate time to market.
From an economic perspective, standards and the way they are implemented will make one of the
most meaningful contributions to the 5G-PPP programme, helping pull different technologies under
one umbrella as 5G becomes increasingly reliant on standards, with a focus on interconnection and
interoperability.
The next sections discuss the fundamental eMBB and V2X standards that can affect the progress of
5G in their respective areas, also considering their relevance to the context of the 5G-DRIVE project.

2.1

eMBB Standards

eMBB is one of three primary 5G New Radio use cases [4] defined by 3GPP as part of its SMARTER
(“Study on New Services and Markets Technology Enablers”) project [5], [6],[7]. 3GPP qualifies ultrafast mobile broadband as mobile systems capable of delivering speeds of 20 gigabits per second, at
least unidirectionally, and without specific latency requirements [8]. eMBB will initially be an
extension to existing 4G services and will be among the first 5G services, which could be
commercially available before the end of 2019. The objective behind SMARTER [9] was to develop
high level use cases and identify what features and functionality 5G would need to deliver to enable
them. This specific project began in 2015 and resulted in over 70 use cases, initially grouped into five
essential categories which have since been trimmed down to three.
This section describes the ongoing standardisation efforts in 3GPP for eMBB services.

© 2018 - 2021 5G-DRIVE Consortium Parties
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2.1.1 3GPP Release 15
In order to support the initial rollout of eMBB services, since March 2017 the 3GPP’s RAN (Radio
Access Network) Group committed to finalise the Non-Standalone (NSA) 5G NR variant by March
2018. In fact, the standard was approved in December 2017 [10]. The NSA mode considers the
current 4G network, as supplemented by 5G NR carriers to boost data rates and decrease latency.
The NSA 5G NR will utilize the existing LTE (Long Term Evolution) radio and core network as an
anchor for mobility management and coverage, while adding a new 5G carrier.
This is the configuration that will be the target of early 2019 deployments (in 3GPP terminology, this
is NSA 5G NR deployment scenario option 3). The Standalone (SA) variant was to be completed by
September 2018 but was also finished early, in June 2018. The SA 5G NR implies full user and control
plane capability for 5G NR, utilizing the 5G next-generation core network architecture (5G NGC) also
being done in 3GPP. SA 5G NR technical specifications have been completed in June 2018 as part of
3GPP Release 15. Thus, eMBB can be assessed as the first phase of 5G, which will be encompassed in
the 3GPP Release 15 standard [11]. 5G Phase 2 will go beyond the eMBB services to more
transformational Ultra-Reliable Low Latency Communications (URLLC) and Massive Machine-Type
Communications (mMTC) applications and will be included in Release 16, which is due to be
completed at the end of 2019. By considering the case of connected cars as a characteristic example,
the first phase of eMBB services will include enhanced in-vehicle infotainment, like real-time traffic
alerts, high-speed internet access, streaming real-time video or playing games involving 3D 4K video.
The second phase would involve autonomous vehicles on a mass scale capable of connecting to and
interacting with other vehicles and/or with the nearby road infrastructure [12].
3GPP has defined both a new radio access network, NG-RAN, with a new radio interface protocol
architecture called New Radio (NR), as well as a new 5G core network [13] (5GC). The NG-RAN is
composed of two types of NG-RAN nodes: gNBs, providing NR protocol terminations towards the UE,
and ng-eNBs, providing E-UTRA protocol terminations towards the UE. The NG-RAN nodes can be
interconnected with each other via Xn interfaces and with the 5GC via NG interfaces. In contrast to
the 4G traditional evolved packet core (EPC), the 5GC does no longer consider network elements but
network functions, which can be virtualized and hosted in a cloud environment. As a result, the
physical deployment of well-known EPC network elements such as the Mobility Management Entity
(MME), Serving Gateway (SGW) and Packet Data Network Gateway (PGW) are now replaced by
virtualization and software, thus increasing core network flexibility to meet the 5G requirements
[14].
With 5G it is possible to integrate elements of different generations in different configurations,
namely Standalone using only one radio access technology, and Non-Standalone combining multiple
radio access technologies.
In a standalone scenario, the 5G NR or the evolved LTE radio cells and the core network are operated
alone. This means that the NR or evolved LTE radio cells are used for both control plane and user
plane. The standalone option is a simple solution for operators to manage and may be deployed as
an independent network using normal inter-generation handover between 4G and 5G for service
continuity. Three variations of SA are being defined in 3GPP:


Option 1 using EPC and LTE eNB access (i.e. as per current 4G LTE networks);



Option 2 using 5GC and NR gNB access;



Option 5 using 5GC and LTE ng-eNB access.

In non-standalone (NSA) scenario, the NR radio cells are combined with LTE radio cells using dual
connectivity to provide radio access and the core network may be either EPC or 5GC depending on
the choice of operator. This scenario may be chosen by operators that wish to leverage existing 4G
deployments, combining LTE and NR radio resources with existing EPC and/or that wish new 5GC to
deliver 5G mobile services. This solution will require tight interworking with the LTE RAN. The enduser experience will be dependent on the radio access technology(-ies) used. Three variations of NSA
© 2018 - 2021 5G-DRIVE Consortium Parties
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are defined in 3GPP:


Option 3 using EPC and an LTE eNB acting as master and NR en-gNB2 acting as secondary;



Option 4 using 5GC and an NR gNB acting as master and LTE ng-eNB acting as secondary;



Option 7 using 5GC and an LTE ng-eNB acting as master and an NR gNB acting as secondary.

Two deployment options have been defined for 5G:


The Non-Stand Alone (NSA) architecture, where the 5G Radio Access Network (AN), also
called New Radio (NR) is used in conjunction with the existing LTE and EPC infrastructure
Core Network (respectively 4G Radio and 4G Core), thus making the new 5G-based radio
technology available without network replacement. In this configuration, only the 4G
services are supported, but enjoying the capacities offered by the 5G Radio (lower latency,
etc.). The NSA is also known as E-UTRA-NR Dual Connectivity (EN-DC) or Architecture Option
3.



The Stand-Alone (SA) architecture, where the NR is connected to the 5G Core Network (CN).
In this configuration, the full set of 5G Phase 1 services are supported, as specified in TS
22.261.

The NSA architecture is illustrated in Figure 2.

Figure 2: The 5G Non-Standalone Architecture

In the NSA architecture, as described in section 4.1.2 of TS 37.340 [15], the NR base station (logical
node en-gNB) connects to the LTE base station (logical node eNB) via the X2 interface. Although the
X2 interface has been used so far to connect eNBs, Release 15 extends the interface to also support
connecting an eNB and en-gNB in case of NSA operation. In addition, E-UTRAN for NSA architecture
connects to the EPC network using an S1 interface. Dual connectivity between eNB (as master node)
and en-gNB (as secondary node) is called EN-DC.
The SA architecture is illustrated in Figure 3.

2

This 3GPP term refers to the version of a NR gNB working under the EN-DC feature within architecture option 3, where the
master is an LTE eNB connected to EPC.
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Figure 3: The 5G Standalone Architecture

In the SA architecture, the NR base station (logical node gNB) connects each other via the Xn
interface [16]. The NG-RAN for SA architecture connects to the 5GC network using the NG interface.

Figure 4: Comparison of 5G Radio access and Core networks [14]

5G deployment options are being defined in 3GPP using either the existing EPC (Evolved Packet Core,
specified in 3GPP TS 23.401 [17]) or the 5GC (5G Core network, specified in 3GPP TS 23.501 [18]). The
two architectures follow a very different set of design principles.
While EPC could be considered an evolution of previous generation packet core networks, the 5GC
has been designed from its inception to be cloud native, that is inheriting many of the technology
solutions used in cloud computing and with virtualisation at its core. 5GC also offers superior
network slicing and QoS features. Another important characteristic is the separation of the control
plane and user plane that besides adding flexibility in connecting the users also allows an easier way
to support a multitude of access technologies, better support for network slicing and edge
computing.
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2.2

V2X Standards

Vehicle-to-Everything (V2X) communications refer to the exchange of information from a vehicle to
an external entity that may affect the vehicle, and vice versa. It is a vehicular communication system
that incorporates other more specific types of communication as V2I (Vehicle-to-Infrastructure), V2N
(Vehicle-to-Network), V2V (Vehicle-to-Vehicle), V2P (Vehicle-to-Pedestrian), V2D (Vehicle-to-Device)
and V2G (Vehicle-to-Grid).
By employing cooperative awareness, the above types of V2X applications can be jointly used for
smarter services for end-users. For example, vehicles, pedestrians, application servers, and road
infrastructure can obtain local environmental information by receiving messages from sensors in
proximity or other vehicles, to enable more intelligent services such as autonomous driving, vehicle
warning, and enhanced traffic management.

Figure 5: Proposed architecture overview for V2X according to [20]

The fundamental motivations for V2X applications are road safety, traffic efficiency and energy
savings. There are two types of V2X communication technology depending on the underlying
technology being used, that is, WLAN-based (ITS-G5) and cellular-based (C-V2X). The following
subsections describe these two technologies in more detail.

2.2.1 ETSI ITS-G5
 IEEE 802.11p is an amendment to the IEEE 802.11 standard aimed at adding wireless access
in vehicular environments (WAVE), a vehicular communication system. It defines
enhancements to 802.11 (which is the basis of products marketed as Wi-Fi) required to
support ITS applications. This includes data exchange between high-speed vehicles and
between the vehicles and the roadside infrastructure, so called as V2X communication, in the
licensed ITS band of 5.9 GHz (5.85-5.925 GHz). IEEE 1609 [20] is a higher layer standard based
on the IEEE 802.11p. It is also the basis of a European standard for vehicular communication
known as ETSI ITS-G5 (described by the ETSI EN 302 663 [21]).
 ETSI ITS-G5 is an extension of IEEE 802.11p, modified and optimized for operation in a
dynamic automotive environment. ETSI ITS-G5 was originally defined in 2004 and has
undergone a thorough standardization process. This included extensive field testing (starting
in 2008 with the German SIM [22] field tests with 400 vehicles) and multi-vendor
interoperability testing (ETSI plug tests since 2011). Automotive-grade implementations have
been available for a number of years to allow Original Equipment Manufacturers (OEMs) and
Tier-1 suppliers to perform extensive tests and validation, which is absolutely of “key”
importance for a safety-related product.
The EN 302 663 standard has outlined the two lowest layers - physical layer and data link layer - in
the protocol stack for supporting V2V communications in an ad hoc network to be used at the 5.9
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GHz frequency band allocated in Europe. The two lowest layers are termed as access layer and data
link layer of the OSI model. The technology specified for the access layer is collectively called as ITSG5. During its validation, the ITS-G5 standard has used already existing standards for
communications.
The data link layer is divided into two sublayers – Medium Access Control (MAC) and Logical Link
Control (LLC). The physical layer and the medium access control layer are covered in IEEE 802.11 [23].
The logical link control is based on the ANSI/IEEE Std 802.2 [24]. The ITS-G5 standard also adds
features for decentralized congestion control (DCC) methods [25] to control the network load and
avoid unstable behaviour.
The EN 302 663 standard has assessed the communications architecture as proposed in ETSI EN 302
665 [26].
ITS-G5 technology is tailor-made for road safety applications. The ETSI EN 302 663 standard offered
the low latencies that are essential for vehicles travelling at high speed. Since it is a wireless
technology, it can communicate beyond the LoS (e.g. around corners) and complements in-vehicle
sensors. Since it is a broadcast technology, it can also communicate to many vehicles and other
relevant recipients at once. Its properties made it suitable for numerous road safety applications,
such as reduction of fatalities by vulnerable road users, electronic emergency brake light, distancekeeping in platoons of trucks and for future higher levels of more automated driving. It has been
designed to operate at short-range.
ITS-G5 and WAVE technologies do not require any network coverage or roadside units to exchange
messages. Communication takes place whenever vehicles or C-ITS stations are within range of each
other, as they can form ad-hoc networks. Whilst not requiring any network coverage, road operators
may opt to equip critical spots on their road infrastructure, such as traffic lights or intersections, to
improve road safety. This may make sense, particularly in the beginning, when the penetration rate
of the vehicle fleet is still growing.
ITS-G5 technology is designed to be operated on the 5.9 GHz frequency band and fulfils the
requirements set out by ETSI EN 302 571 [27] and the ITS Directive 2010/40/EU [28]. ITS-G5 and
WAVE technologies [29] are tried and tested in many European and US projects: the simplicity and
efficiency with which it uses radio spectrum also makes it a very robust V2X short-range
communication technology.
ITS-G5 protocol technology also meets all requirements to operate under the European
Commission’s Security Policy [30] and Security Certification Policy [31] which assure the
trustworthiness of messages sent using C-ITS. As several ITS-G5 systems have been developed by
automotive suppliers, functional safety like compliance with the Automotive Safety Integrity Level
(ASIL) according to ISO 26262 [32] is already taken into account.

2.2.2 3GPP LTE-V2X (Release 14)
3GPP started standardization work of cellular V2X (C-V2X) in Release 14 [33] in 2014. It is based on
LTE as the underlying technology. Specifications were published in 2016. Because these C-V2X
functionalities are based on LTE, it is often referred to as LTE-V2X. The scope of functionalities
supported by C-V2X includes both direct communication (V2V, V2I) as well as wide area cellular
network communication (V2N).
Cellular V2X was developed within the 3GPP to replace the US promoted DSRC and the Europeoriginated Cooperative Intelligent Transport Systems (C-ITS) as such standards are decisive steps
towards the target of autonomous driving and clues to market influence. C-V2X technology is
designed to connect vehicles to each other, to roadside infrastructure, to other road-users and to
cloud-based services.
C-V2X technology has been designed to operate in two modes:


Device-to-device: this is Vehicle-to-Vehicle (V2V), Vehicle-to-(Roadway) Infrastructure (V2I)
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and Vehicle-to-Pedestrian (V2P) direct communication without necessarily relying on
network involvement for scheduling.


Device-to-network: this is Vehicle-to-Network (V2N) communication which uses the
traditional cellular links to enable cloud services to be part of the end-to-end solution by
means of network slicing architecture for vertical industries.

LTE-V2X was standardised by the 3GPP in 2016 under the umbrella of LTE Release 14 and
encompasses two interfaces: (i) a wide area network LTE interface (Uu) that connects end-user
devices and vehicles to mobile network base stations and mobile core networks, for provision of
Internet and vehicle to network (V2N) services, and; (ii) a direct communications interface (PC5) that
connects vehicles to vehicles (V2V), to roadside infrastructure (V2I) and to pedestrians and other
vulnerable road users (V2P), for provision of low-latency and high-reliability vehicular services. The
LTE-V2X (PC5) interface does not necessarily require assistance from a mobile network.
The above two modes of operation fulfil different use cases and scenarios and can also be used in
combination. The PC5 interface was specified during the work on Proximity Services [34] (ProSe),
which provided public safety UEs the option to communicate directly. However, commercial
equipment was excluded mostly due to the lack of operator control with respect to charging and
legal interception. The ProSe feature offers with the PC5 interface additional functionality like
discovery of other UEs [35], which is not utilized for V2X communications. LTE-V2X mode 3 is a
subscription service in 3GPP, i.e. a UE must have a subscription in the Home Subscriber Server (HSS)
with relevant information, which allows a UE to be authorized in order to perform LTE-V2X
communication over the PC5 reference point and its PC5-AMBR. Further, the subscription
information contains the list of the Public Land Mobile Networks (PLMNs) where the UE is authorized
to perform LTE-V2X communication over the PC5 reference point. By contrast, mode 4 of LTE-V2X
does not require connectivity to a cellular network.
In principle, LTE-V2X has some advantages over ITS-G5, including its ability to also provide (via its Uu
interface) longer-range vehicle-to-network (V2N) communications, leveraging use of the commercial
mobile telecommunications network spectrum to enable connections to cloud-based infrastructure
and back-office systems, and utilising the existence of extensive mobile infrastructure along the EU
road networks. Furthermore, its scalability and ability to evolve as mobile communications develop
(e.g. the transition from 4G to 5G) are seen as significant benefits of LTE-V2X. At the same time, LTEV2X (via its PC5 interface) is also able to provide direct V2V communications between devices, with
no subscription or network intervention required. On the other hand, ITS-G5 is a mature and tested
technology, and its market deployment at the time of writing is well ahead of that of LTE-V2X.

2.2.3 3GPP 5G-V2X (Release 15 and beyond)
In Release 15, 3GPP continued its C-V2X standardization to be based on 5G. Specifications have been
published in 2018. To emphasise the underlying technology, the term 5G-V2X is often used in
contrast to LTE-based V2X (LTE-V2X). In both cases, C-V2X is the generic terminology that refers to
the V2X technology using the cellular technology irrespective of the specific generation of
technology.
Release 16 of the 3GPP Technical Specifications further enhances the C-V2X functionality.
Standardisation work is currently in progress. This way, C-V2X is inherently future-proof by
supporting migration path to 5G.
The target of Release 14’s work to support V2X service has been mostly to provide data transport
service for basic road safety service such as CAM, DENM, BSM and relevant applications. In addition
to the work done in Release 14 to support V2X services based on LTE, the Release 15 work eV2X [36]
(enhanced Vehicle-to-Everything) further specifies service requirements to enhance 3GPP support for
V2X scenarios.
Requirements for the following areas have been covered in this work and are specifically described
within the framework of the 3GPP TS 22.186. In brief, these are as follows:
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Vehicle Platooning: Vehicles platooning enables the vehicles to “dynamically form” a group
travelling together. All the vehicles in the platoon receive periodic data from the leading
vehicle, in order to carry on platoon operations. This sort of information allows the distance
between vehicles to become extremely small; that is the gap distance translated to time can
be very low (practically at the order of magnitude of sub-second). Platooning applications
may allow the vehicles following the one leading the group to be autonomously driven. The
requirement on the communication latency is directly related to the assumed inter-vehicle
gap (distance between successive vehicles and equivalent to vehicle density), which can be
specified in meter or seconds.



Advanced Driving: Advanced Driving practically enables the case of semi-automated or fullyautomated driving. In this case, longer inter-vehicle distance is assumed. Each vehicle and/or
road side unit shares data obtained from its local sensors with vehicles in proximity, thus
allowing vehicles to coordinate their trajectories or manoeuvres. In addition, each vehicle
shares its driving intention with vehicles being in its proximity. The benefits of this use case
group include safer travelling, collision avoidance as well as improved traffic efficiency.



Extended Sensors: Extended Sensors enables the exchange of raw or processed data
gathered through local sensors or live video data among vehicles, RSUs, devices of
pedestrians and other V2X application servers. The vehicles can enhance the perception of
their environment beyond what their own sensors can detect and, consequently, have a
more holistic view of the local situation. Here, high data rate is one of the key characteristics.



Remote Driving: Remote Driving enables a remote driver or a V2X application to operate a
remote vehicle for those passengers who cannot drive themselves or a remote vehicle
located in dangerous environments. For a case where variation is limited and routes are
predictable (such as public transportation) driving based on cloud computing can be used. In
addition, access to cloud-based back-end service platform can be considered. High reliability
and short low latency are the main requirements.



Vehicle quality of service support enables a V2X application to be notified of change of
quality of service before actual change occurs and to enable the 3GPP System to modify the
quality of service in line with V2X application’s quality of service needs. Based on the quality
of service information, the V2X application can adapt behaviour to 3GPP System’s conditions.
The benefits of this use case group are smoother user experience of service and increased
safety

In Release 15, the WI “V2X phase 2 based on LTE” was approved (as in the WID in RP-171740 [37]).
This WI enhances the Cellular-based V2X services (V2V, V2I/N, and V2P) to support advanced V2X
services as identified in TR 22.886 [38] in a holistic and complementary manner to Release 14 V2X.
This work item specifies 3GPP V2X Phase 2 to support advanced V2X services as identified in SA1 TR
22.886 in a fully backward compatible manner with Release 14 V2X.
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3

5G-DRIVE Use Cases

This section describes the eMBB and V2X use cases considered in 5G-DRIVE. These use cases will be
demonstrated through experimental tests in some of the 5G-DRIVE trial sites. A list of the most
relevant KPIs has been included in each use case description.

3.1

eMBB Use Cases

3.1.1 Use Case 1: Cloud-Assisted AR/VR
Definition:
Cloud-assisted 3D Augmented Reality (AR) is a 5G-DRIVE use case in the eMBB scenario. As opposed
to conventional gaming consoles or personal computers (which are highly dependent on the signal
processing capabilities of the GPU), cloud-assisted AR enables users to stream video games or virtual
contents from cloud servers like other streaming media. This new type of services offers an
opportunity for more varied and interactive contents and makes user devices lighter and cheaper.
While some new technologies, such as eye tracking and foveated rendering are essential ingredients
for high-resolution head-mounted displays (HMDs), bandwidth and latency requirements have
pushed the expectations for 5G networks. As it is known, display resolutions and high immersive
content play a key role to push users to seek out more robust data service and plans. FOV could
range from 1080x1200 per eye to retina AR display (6600x600) per sys and require data rates at the
low end (30 fps) between 100 Mbps to 9.4 Gbps at the high end (120 fps). eMBB is required to reach
tens of Gbps to support the speed requirement of AR application, providing a more uniform
experience for users of AR given the ultra-high data volume requirements that can be handled more
effectively.
Relevant KPIs for this use case:
To maintain the QoE levels required in real-time, high-definition cloud-assisted 3D AR, the following
KPIs are of special interest in this use case:


Peak data rate: this metric denotes the maximum physical-layer throughput achievable
between the 5G gNB and the UE, in Gbps.



Offloading time cost: this KPI denotes the time cost difference (in seconds) between the
tasks running on the UE (i.e., mobile, Hololens, etc.) and the cloud.

Figure 6: 5GIC Kinect sensors setup for providing cloud-assisted AR experiment
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3.1.2 Use Case 2: Indoor Positioning
Definition:
Indoor position information obviously supports navigating within building premises. However, this
location information is also a valuable asset for providing and maintaining high quality eMBB services
to end user devices. Positioning offers means to utilize location information to improve network
communication reliability, to reduce latency, and to balance data loads.
Since most of the network control components are fixed at specific locations, eMBB services to
mobile end user devices require also support for mobility. First the mobile terminal receives the
eMBB service signal from one base station and then gradually moves to the coverage area of another
base station, so a handover in the indoor network is executed.
Mobility comes at a cost in terms of extra signalling messages, processing resources and delay in
setup and data message transactions. Due to the nature of network control and monitoring,
additional signalling overhead gets created from sending infrequently small packets. From the mobile
network side, this requires re-allocation and scheduling of radio resources with increased latency.
Location information can be used by the network and devices to optimise communication and to
save energy by reducing signalling. Combining location information with other forthcoming
functionalities, it may be possible to dynamically adjust data loads and routing and to control the
latency and its deviation. The shared location information is therefore a valuable asset for both
mobile end users and eMBB service providers to maintain and operate their devices.

Figure 7: Measurement route and mobile robot for providing reference location and indoor maps.

Relevant KPIs for this use case:


Peak data rate: already defined in section 3.1.1.



Jitter: this KPI denotes the variation in the delay experienced by received packets (in ms).



Latency: radio latency is the radio access network contribution to the total delay between
the transmitter and the receiver, expressed in ms.

3.2

V2X Use Cases

3.2.1 Use Case 1: Green Light Optimal Speed Advisory (GLOSA)
Definition:
GLOSA (Green Light Optimal Speed Advisory) is a day-1 signage C-ITS service aimed at informing end
users about the speed that needs to be sustained (within legal limits) to reach an upcoming traffic
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light in green status. Although specific UI features are manufacturer-specific, end-user GLOSA
notifications usually follow the structure below:
 “The upcoming traffic light will switch status in 20 seconds (countdown)”
 “Keep speed at 35 km/h to reach the upcoming traffic light in green status”
 “As per applicable legal speed limits in this area, you will reach the upcoming traffic light in
red status”
GLOSA provides end users with short-term information on upcoming traffic light status to optimise
traffic flows, help prevent speed limits violations, improve fuel efficiency and reduce pollution.
In a GLOSA use case, an RSU co-located with a traffic light (and having access to its internal finite
state machine), broadcasts timing information about the traffic light’s “red”, “amber” and “green”
status via Signal Phase and Timing messages (SPAT). Neighbouring vehicles can receive these
messages and process them locally along with their own positioning, speed and direction data
(amongst others). By doing so, on-board V2X modules can notify drivers about the optimal speed to
reach an upcoming traffic light in green status or, alternatively, to be aware that the traffic light will
nevertheless transition to red imminently.

Figure 8: An LTE-V2X GLOSA demonstration by China Mobile, Huawei and ASTRI (EU-China Joint Kick-Off, Wuxi
(China), November 2018)

Relevant KPIs for this use case:
Due to the small volume of information being transmitted in GLOSA (essentially, traffic light state
machine timing data), KPIs such as peak/user-perceived data rate are not a major concern in this
particular use case. Instead, the most relevant service-level performance indicators for GLOSA are:


Packet error rate (PER): ratio of unsuccessfully received packets in the OBU vs. total number
of packets sent by the RSU (in percentage).



Latency: the radio access network contribution to the total elapsed time, measured from the
instant the RSU sends a packet to the moment when the OBU receives it (in ms).

3.2.2 Use Case 2: Intelligent Intersection
Definition:
This use case deals with safety on intersections, focusing on infrastructure detection of situations
that are difficult to perceive by vehicles themselves. A good example is the situation where a vehicle
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wants to make a right turn while parallel VRUs also have a green phase and right of way (permissive
green for motorized traffic). This situation is depicted in Figure 9.

Figure 9: Perception areas of the intelligent intersection

When a pedestrian is detected in the grey area, a Decentralized Environmental Notification Message
(DENM) should be broadcasted by the RSU, while the backoffice should geocast this to all vehicles in
the vicinity. In the yellow areas, given a movement direction of the pedestrian towards the
intersection, the infrastructure should send out Collaborative Perception Messages (CPM). This is to
warn vehicles further upstream that a potential conflict may occur in the future and to prevent
future hard braking.
Other DENMs can also be tested within 5G-DRIVE, as the message supports various warnings.
Depending on the complexity of the warning, the message can have a different length, which can
result in different results with regards to communication performance. It should be noted that the
focus of the use case is not on the human-machine interface, but on the V2X performance and that
situations on the test tracks will be mostly emulated not to put real pedestrians at risk and ease
requirements on timing the approach of the vehicle.
Since this use case is about safety, latency of V2X communications is very critical. Latency on older
3G networks was found to have outliers up to 25 seconds in [39], which is unacceptable for these
applications. Instead, 100 ms is the absolute maximum for the intersection safety DENM and 1000
ms for the CPM as it is more of a preventive message.
Relevant KPIs for this use case:
The KPIs for this use case are similar to GLOSA, but due to the safety critical element and the
variability in previous work, some more contextual KPIs are required to get a more predictable
latency:


Packet error rate (PER): ratio of unsuccessfully received packets in the OBU vs. total number
of packets sent by the RSU (in percentage).



Latency: the radio access network contribution to the total elapsed time, measured from the
instant the RSU sends a packet to the moment when the OBU receives it (in ms).



Total active stations: This KPI tracks how many other stations were active at the same time
while in communication range of the test subject.



Total channel load in Mbps: The total load of the channel is an important contextual variable
to determine how much interference can be expected.

 Total messages/sec on channel: One other client using a load of 1Mbps has much less
chance of packet collisions than a hundred clients transmitting at 10 Kbps.
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4

Joint Architecture

4.1

The 5G-DRIVE Joint Architecture Concept

Each trial in the 5G-DRIVE project features its own architecture comprising the software/hardware
components, network infrastructure and end-user services needed to carry out the planned
experimental activities. These per-site architectural designs are the starting point of the 5G-DRIVE
joint architecture.
In the context of the 5G-DRIVE joint architecture, the term “joint” must be understood as “jointlydefined” — that is, a collaborative effort conducted by both the EU and the Chinese consortia aimed
at converging to a concrete architectural design that enables comparability of results between the EU
and Chinese trials.
The following sections describe the initial steps towards the realisation of the 5G-DRIVE joint
architecture. In particular, the various architectural proposals for each trial site (both in the EU and in
China) are discussed, along with an initial high-level comparison of the EU and Chinese architectures
to highlight some key commonalities and differences.

4.2

eMBB Trials

4.2.1 Architecture for Cloud-Assisted AR/VR Trial
The testbed for the 5G-DRIVE AR/VR trial is located across various locations in the Surrey County (UK)
with its headquarters at University of Surrey (UoS) campus in Guildford. The 5GIC (5G Innovation
Centre) can connect to remote sites throughout the UK and Europe. In the UK it will be soon
enhanced to provide 5G mobile coverage at industrial locations in Worcestershire, as well as
amongst moving vehicles between Millbrook and the 5GIC. In addition, it will connect remote islands
with LTE and 5G mobile coverage to the mainland, and to the 5GIC testbed via a multi-core gateway
for domestic and IoT services targeted at local farming. The testbed features a 3GPP Release 15 SA
architecture and supports multi-RAT technologies, as described below:
Outdoor:


Ultra-dense LTE-A-DD C-RAN - 44 sites,



5G eMBB C-RAN 3.5 GHz – TDD - 7 outdoor sites, 8 cells,



5G URLLC RAN: 3.5 GHz – 1 site,



5G RAN 700 MHz – 1 site.

Indoor:


C-RAN – 6 cells in the same building (2 floors),



WiFi – 6 APs,



LTE-A-TDD – 6 pico-cells,



5G RAN 26 GHz – 1 site.

The overall testbed and its interconnections are shown in Figure 10.
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Figure 10: 5GIC testbed overall architecture

The main part of the 5GIC testbed is installed in University of Surrey (UoS) campus at Guildford. The
multi-RAT (6 WiFi and 50 LTE-A) base stations at the UoS campus (as of 2017) are shown in Figure 11.

Figure 11: Locations of multi-RAT base stations at UoS campus (2018)

In 2018 the 5GIC was enhanced by 5G-eMBB (7 sites), one 5G-URLLC site (both according to Release
15 with CUPS) and one LTE-A (700 MHz site). The locations of the sites at the UoS campus are shown
in Figure 12.
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Figure 12: Locations of new base stations at UoS campus (2018)

The network infrastructure uses NFV & SDN technologies. 5GIC uses a special approach to
virtualization called Flat Distributed Cloud (FDC) and new Meta-Data Protocol (MDP) that provides a
context-aware user plane control.
 The testbed uses NFV-based EPC. It can collect data from all network devices and make a
visual presentation of collected live and historical analytics concerning network devices and
data flows. It is built for experimentation purposes; for example, a mobile core dynamic
network slicing mechanism has been implemented (the demonstrated slice rollout time was
about 2 minutes). In addition, there is work in progress on AI-driven autonomous slicing.
Finally, the 5GIC testbed has been tested with 1 million emulated users, achieving a peak percell throughput of 8 Gbps in some tests.

4.2.2 Indoor Positioning Setup for Trial
The indoor positioning setup is designed to support both terminal and network side positioning. It is
planned to be integrated into VTT’s 5G testbed, which is part of the 5GTNF (www.5gtnf.fi)
infrastructure. Since the network side positioning sets stringent requirements for the response time
and scalability, also MEC technology is planned to be exploited to offer positioning services at
building level.
The MEC based positioning platform concept is presented in Figure 13 in case of two buildings (BLD1
and BLD2). The MEC has two main tasks: (1) to run building specific distributed positioning services
and (2) to provide status information from pico-cells that are connected to it.
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Figure 13: MEC based positioning system using 4G pico-cells

The main processing is done on a Location Unit (LU) running on the MEC. The information needed for
positioning is sent e.g. from mobile devices to a location server (framed in blue in Figure 13) over WiFi, 4G, or (later) 5G connection, using User Datagram Protocol (UDP). The incoming information
contains end-users’ payload data, which is then extended with location information. Loss of some
samples is not considered critical, since the positioning rate is designed to be around 2 Hz. In addition
to mobile phones, the information can also be retrieved directly from eNodeBs via MEC platform or
from a so-called sink node in the ad-hoc Wi-Fi network. Information from the Wi-Fi FTM network is
also sent via smartphone.
The MEC gateway shown in Figure 13 stores incoming information to the local database. Location
estimates are computed with the distributed LUs. In our implementation, one MEC instance is
serving one building. Only samples coming from building’s indoor base stations connected to the
MEC are processed and stored to the database. This low-level filtering reduces the amount of data
being processed and improves the scalability of the overall system.
The local database contains information about registered devices’ recent locations, network
structure information for multilateration, recorded measurement samples for training and actual
localization using different positioning algorithms, and images for image-based positioning.
The global database is used for sharing location and network performance information about
registered users with 3rd party applications. 2D models are used for presenting the real-time
positioning data on mobile applications, whereas 2D and 3D models are used with laptop and desk
computers.
Registered users’ location and network performance information is periodically retrieved from the
database using Message Queuing Telemetry Transport (MQTT) protocol. MQTT is an ISO standard
(ISO/IEC PRF 20922) publish-subscribe-based messaging protocol. It works on top of the TCP/IP
protocol and is designed for connections with remote locations where a "small code footprint" is
required e.g. due to the limited network bandwidth.
An MQTT broker component is running next to the global database. According to the
publish/subscribe messaging pattern, the component periodically publishes location and network
performance related topics, which are then received by registered MQTT clients of 2D and 3D
visualization applications.
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4.3

V2X Trials

4.3.1 Architecture for GLOSA Trial
Figure 14 depicts the physical architecture of the GLOSA use case, as per its planned implementation
at the JRC Ispra site. As shown in the figure, the key architectural elements of this use case are as
follows:


A physical/virtual traffic light and its associated Finite State Machine (FSM) to orchestrate
the transitions between the “red”, “amber” and “green” states. For the purpose of
experimentally evaluating this use case, the traffic light can be either physical (i.e., a
commercial, end-user product) or virtual (a software running on/communicating with the
LTE-V2X RSU and implementing the transitions described in the FSM).



An LTE-V2X RSU co-located with the traffic light (if physical) or running/communicating with
the FSM implementation (if virtual). The RSU will periodically broadcast Signal Phase and
Timing messages (SPAT) (e.g., every 100 ms) to all neighbouring vehicles. Amongst other,
DENM messages will include the traffic light’s current state and FSM timing information.



LTE-V2X OBUs deployed in the test vehicles. The OBUs will receive and process the SPAT
messages locally to compute the relevant GLOSA information in various forms (e.g.,
remaining time until next traffic light state transition, optimal speed to reach traffic light in
green state, etc.). Once computed, the GLOSA information will be relayed to an on-board
laptop (or UI device), where it will be displayed both visually and audibly to the driver.



The JRC internal communications network will provide connectivity between the LTE-V2X
RSU and various supporting services running in the JRC data centre (e.g., experiment
management console, traffic light controller, log server, etc.)



Physical/virtual servers in the JRC data centre running the above supporting services. For the
purpose of implementing and experimentally evaluating this use case, these servers can be
provisioned either physically or virtually (Virtual Machines (VMs).
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Figure 14: The GLOSA physical architecture at the JRC Ispra site

4.3.2 Architecture for Intelligent Intersection Trial
The physical architecture for the intelligent intersection is similar to the GLOSA architecture in Figure
14, with the exception of not using an internal network, but a VPN instead to connect the back office
to the RSU and the omission of the traffic light. A functional view of the architecture is shown in the
figure below:
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Figure 15: Functional architecture of the intelligent intersection use case

The dashed lines are eMBB wireless communication lines, while the green dashed are V2X local
communications.
 RSU:
The RSU is responsible for V2X communications and collection of locally available sensor
data. In the case of this trial, the possibility of using emulated detections is also added. This
data is used to encode the DENM and CPM messages that can be sent directly via V2X, or
synchronized with the cloud broker to enable wireless geocasting via eMBB connectivity.
 OBU:
The OBU receives information in a mobile client, in the case of 5G-DRIVE this will be a
vehicle. It should decode the received messages and display functionally relevant data to the
driver or to the automated driving logic. The focus here is on the communication
performance and not on the HMI aspects. Therefore, this will be kept to either command line
output or an app from another project will be used.
 Cloud Broker:
The cloud broker collects all traffic information in an efficient way to allow geocasting with
minimal overhead. The IoT Message Queuing Telemetry Transport (MQTT) protocol is used
for this and the data is ordered according to tiles that allow geocasting without the need for
clients having to share their location. This saves communication bandwidth and ensures
privacy. Messages that are generated locally at the RSU need to be uploaded to the broker,
while messages from a cloud source can be downloaded to an RSU. The advantage of
downloading is that messages can be broadcasted letting all local clients receive it at once,
instead of having to set up multiple parallel eMBB links.
 VRU:
The Vulnerable Road User can also upload its own warning messages when it enters a conflict
area to the cloud broker. This is an interesting option when infrastructure sensors are not
available. It does, however, add an extra (wireless) communication step when compared to
infrastructure detection. It is unlikely that VRUs will be equipped with more expensive V2X
technology in the future, and therefore this option is not considered here.
 Camera:
The camera detects positions and trajectories of VRUs (about) to cross a conflict area. This
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data is sent to the RSU in a camera-vendor specific format.
 Detection Emulator:
For testing purposes and to avoid having to invest in camera infrastructure, the detection
information can also be emulated with a simple application run on a field laptop connected
to the RSU. This also allows for detailed timing coordination during the experiment and
avoids having to risk an actual VRU entering the conflict area.
 Message Emulator:
The message emulator works at the cloud level and can inject test messages into the cloud
system. This gives full control over the message type, length and relevance location.
 Message cloning:
Cloning a message means using data from a live intersection elsewhere and transforming the
location so it can be used by vehicles at the test site. For GLOSA this entails a manual edit of
the MAP message and an automatic edit of the SPaT to match the IDs in the transformed
MAP message.
Several possibilities for implementing the use case are shown in this architecture, but final decisions
on which elements are most interesting still have to be made in D4.2. The real camera will certainly
not be used as its additional costs and effort will not contribute to the V2X objectives of the project.
However, for exploitation it’s a factor that should be taken into account and therefore shown here.
The advantage of “Message Cloning” is that it enables using live messages from another site for more
realistic data, but this mostly applies to SPaT messages of GLOSA since the DENM messages of the
intelligent intersection have a much more predictable message length. Lastly, the VRU is effectively a
different way of emulating detections, but adds an extra communicating agent, which is again
interesting for future exploitation as it would save the need of installing expensive infrastructure
equipment. Lastly, it should be noted that in the current trials, the systems will only be used by
consortium partners and only switched on during trials. Therefore, privacy and GDPR issues will not
occur, all data acquired is strictly trial related and not personal.

4.4

The 5G Large-Scale Trial Architecture (China)

The purpose of this section is to describe the network architecture of various experiments carried
out in China by China Mobile in the framework of the 5G Large-Scale Trial project. The Chinese
project differs significantly from the EU 5G testbeds. In fact, the 5G large-scale trial is a kind of precommercial trial led by China Mobile in several cities. In each city, a different vendor is selected, and
the role of vendors is fundamental in this project. China Mobile expresses their
expectations/requirements (in the form of KPIs), and the vendors aim to build the network according
to these expectations.
China Mobile wants to test different 5G network features, services and also gain some experience
related to 5G network management. The list of the verified network features is long and submitted
to all vendors in the form of requirements. For instance, some of them use KPIs specified by 3GPP. In
the current stage China Mobile is focusing on verifying eMBB and voice services (VoNR + EPS
fallback), and will later on consider verifying 4K/8K HD video, AR/VR and other use cases. The
essential enabling technologies to be used for the selected use cases, which are to be validated
through trials include:


Wireless network technologies:
o Massive MIMO
o CU/DU separation technology
o DAS and Pico-RRU
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o MEC


Core network technologies:
o Service-based architecture
o NFV
o Slicing
o Edge computing



Transport network technologies: SPN (Slicing Packet Network)



5G end-to-end voice, short message and data service interoperability:
o Voice over 5G New Radio
o EPS Fallback
o SMS over NAS (SMSoNAS)

For eMBB, identification and definition of general requirements, overall system specifications and
possible KPIs in a template are to be agreed.
General requirements:


Network scale: suitable large or medium-sized cities with certain influence with three 5G
eMBB trial networks. In each city, 50 base stations will be deployed to form large-scale urban
continuous coverage. As far as user equipment considerations, the number of terminals per
city should be higher than 100. The overall goal is to construct, optimise and improve the 5G
eMBB trial network to achieve the pre-commercial level of end-to-end network capabilities.



Network performance: network coverage is in line with network planning expectations. Peak
rates are easily achievable at the cell centre, whilst edge throughput meets pre-commercial
network requirements. In brief, cell centre single-user downlink peak rate ≥ 1 Gbps; cell edge
downlink rate ≥ 20 Mbps.



Network KPIs (such as access success rate, handover success rate, dropped call rate, etc.)
meet the pre-commercial network requirements, namely:
o Access success rate ≥ 95%
o Handover success rate ≥ 95%
o Call drop rate ≤ 5%.



Indicators such as access latency and service latency meet the requirements of 3GPP:
average access latency is ≤ 50 ms, and the average service latency is ≤ 20 ms.

Social and economic benefits:
The Chinese Large-Scale 5G Trial will verify the maturity and industrialization capabilities of system
manufacturers and terminal equipment. In addition, it will validate 5G technologies and standards,
and generate a huge boost for the completion and maturity of the 5G industry chain.

4.4.1 eMBB Trials Architecture
The trial sites include several large cities in China, and their architecture will be expanded to include
commercial solutions. In 2020, each China Mobile trial site (city) will have the following RAN
configuration:


More than 95 macro-cells per site:
o Mainly 64 Tx/64 Rx, with a small quantity of 16 Tx/16 Rx to conduct a comparison
test;
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o NR frequency: 2.6 GHz;
o Bandwidth: 100 MHz;
o Tx power: 200 W;


More than 5 indoor cells, including pico-cells and Distributed Antenna Systems (DAS):
o Number of paths: ≥ 2 (DAS); ≥ 4 (pico-cells).

Out of the 100 trial sites, 75 sites will feature standalone architecture (SA) that includes 5G Core. On
the other hand, 25 sites will use the Non-Standalone Architecture (NSA), i.e. a solution in which the
4G network is enhanced in order to support 5G RAN stations. NSA uses LTE FDD 1.8 GHz outdoor
anchors.

Figure 16: General eMBB architecture (SA and NSA modes)

Figure 16 shows the eMBB architecture of SA and NSA cases with selected interfaces. This figure
shows a group of interfaces related to network management (including user charging) and 4G/5G
interoperability. A more detailed view of the generic site architecture is presented in Figure 17. This
figure depicts the internal components of the 4G/5G architecture (in line with 3GPP specifications).
Except for the BOSS component, all other components and their interfaces are compliant with the
4G/5G architecture defined by 3GPP.
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Figure 17: Detailed eMBB architecture (SA and NSA modes)

For commercial use in 2020, the 4G/5G interoperability, 5G inter-provincial roaming, user/policy data
evolution, core network and wireless intercommunication and charging adaptation are considered
for evaluation.
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Figure 18: Configuration and logical interconnection of test sites

Figure 18 shows the configuration and logical interconnection of trial sites in Guangzhou, Suzhou,
Shanghai, Wuhan, Hangzhou, Nanjing and Beijing. This configuration is as follows:


The Beijing site has SA configuration, Network Management System (NMS), Security Proxies
(SEPP), MANO and business (service) orchestrators. It is implemented in a virtual
environment and provides its NSA network services to several sites. It will be used for testing
the functionalities of the SA approach.



The Nanjing site has SA configuration IP Multimedia Subsystem (for VoIP), SMS centre, IPSMS gateway, DNS, Session Border Controller (for VoLTE), Diameter Routing Agent (DRA) and
MANO and business orchestrators. Part of it is implemented in a virtual environment and
provides its NSA network services to several sites.



The Hangzhou site has NSA and SA configuration for the IP Multimedia Subsystem (for VoIP),
Session Border Controller (for VoLTE), EPC and MANO and business orchestrators. Part of it is

© 2018 - 2021 5G-DRIVE Consortium Parties

Page 36 of 46

DD2.2: Joint Architecture, Use Cases and Spectrum Plan

implemented in a virtual environment and provides its SA network services to the Hangzhou
RAN.
The transport network of the large-scale 5G Chinese trial is depicted in Figure 19.

Figure 19: End-to-end transport network connectivity

The transport network is based on fibre optic and provides:


At least 10GE in Access Layer and at least 100GE in the Convergence Layer (as of today);



10GE in Access Layer and at least 100/200GE in the Convergence Layer (in the future).

It is worth mentioning that vendors currently offer also 400 GE solutions, but the usage of such highspeed transport is not planned.
4.4.1.1 RAN Coverage
The trial scenarios include dense urban areas (central business districts, office buildings, exhibition
centres and etc.) and suburban areas (residential areas, industrial park and etc.). The coverage area
of five trial sites (Hangzhou, Suzhou, Wuhan, Guangzhou and Shanghai) is shown below:

Hangzhou:

NSA
SA

Figure 20: Shangtang and Huanbei District: dense
urban areas
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4.4.2 V2X Trials
The Chinese 5G Large-Scale Trial project foresees the deployment of V2X trials in some major cities in
China. However, at the time of writing of this deliverable, China Mobile (the 5G Large-Scale Trial
project coordinator) has not yet shared details of such plans with the 5G-DRIVE consortium. Further
information on these trials will be shared in deliverable D2.3 (“Final Report of Architecture and Use
Case Implementation”).

4.5

Initial Comparison of the 5G-DRIVE and Chinese Trial Architectures

The Chinese 5G Large-Scale Trial and 5G-DRIVE eMBB testbeds share some similarities as well as
differences. First, both solutions use 3GPP specifications for building their testbed. These comprise
the LTE part of the testbed as well as the 3GPP Release 15 specifications concerning the 5G network.
Secondly, both testbeds feature a distributed architecture and allow for interconnection of remote
RAN or RAN/core networks.
Testbed interconnections are based on the IP protocol. In addition, the 5GIC testbed at the University
of Surrey supports the use of the JANET network for attaching remote networks. By using a VPN
between China (Beijing) and the UK (Guildford) it would be possible to connect both testbeds and
provide roaming-like services for end users at both ends.
The 5GIC testbed focuses mostly on research and experimentation and supports virtualization
features and network slicing. By contrast, the Chinese testbed is a large-scale, pre-commercial
testbed operated by China Mobile with strong involvement from key mobile network vendors. Its
goal is to verify the 5G technology (such verification is based on predefined KPIs concerning different
network aspects), make preparations for the full-scale deployment, gain 5G network-oriented skills
and develop new 5G network-based services.
In terms of size and complexity, the Chinese testbed is (at least) one order of magnitude larger than
5GIC’s. From the technological point of view, the main difference between the EU and the Chinese
testbeds lies in the use of Non-Standalone Architecture (NSA) in the 5GIC testbed and NSA and
Standalone Architecture (SA) in the Chinese testbed. The SA approach provides new mechanisms for
service deployment. European operators plan to deploy the NSA solution first, whereas in China the
SA is preferred. However, there is a widespread feeling in the mobile communications community
that the SA is not a mature technology yet. Moreover, its usage requires writing 5GC-specific
applications.
Finally, there are many differences regarding the service platforms using the aforementioned
testbeds; however, such a situation is typical in mobile networks.
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5

Radio Frequency Spectrum for eMBB and V2X Services

Radio spectrum availability is a key factor for the successful deployment of 5G and V2X services
worldwide. This is particularly relevant in the EU, where harmonised spectrum (i.e., the same
portions of the radio spectrum in the same frequency bands) must be made available across all EU
Member States.
Bandwidth requirements differ according to the particular needs of each communications
technology. For example, 5G communications require large contiguous spectrum bands of up to 100
MHz; similarly, the total allocated bandwidth for V2X communications in the EU is 70 MHz (5855 5925 MHz). Although carrier frequency bands are technology- and country-dependent, a harmonised
deployment of 5G services in the EU has been agreed in the sub-1 GHz (700 MHz), sub-6 GHz (3.4-3.8
GHz) and millimetre-wave (mmWave, 24-28 GHz) frequency bands.
This section discusses the state of play of radio spectrum availability for 5G and V2X in the EU and
China. Special emphasis is put on the 5.9 GHz band for C-ITS services, where competing technologies
such as ITS-G5 and LTE-V2X might coexist and, potentially, have to interoperate.

5.1

European Union

5.1.1 The Radio Spectrum Policy Group
The EU Radio Spectrum Policy Group (RSPG) is a high-level advisory group established under EC
Decision 2002/622/EC, tasked with assisting the European Commission in the development of radio
spectrum policy. Concretely, the RSPG adopts opinions, publishes position papers and reports, and
issues statements aimed at providing the Commission with strategic advice on:


Radio spectrum policy issues;



Coordination of policy approaches;



Harmonised conditions, where appropriate, with regards to the availability and efficient use
of radio spectrum necessary for the establishment and functioning of the internal market.

After extending its responsibilities in 2009, the RSPG can also be required by the European
Parliament and/or the Council (in addition to the Commission) to issue an opinion or produce a
report on specific radio spectrum policy issues relating to electronic communications. Those opinions
and reports shall be transmitted by the Commission to the institution which so requests.
RSPG members are senior representatives of EU Member States as well as an official representative
of the European Commission. Delegations include representatives from both the regulatory
authorities and the ministries having competences for radio spectrum related matters in each
Member State. The Chairperson of the RSPG is a member elected by the group for a period of two
years. Representatives of the European Economic Area (EEA) countries, the EU candidate countries,
the European Conference of Postal and Telecommunications Administrations and the European
Telecommunications Standardisation Institute (ETSI) are also invited to attend plenary RSPG
meetings as observers.

5.1.2 5G frequency bands
Due to the amount of spectrum required for 5G-oriented services, it has become increasingly
desirable for existing, newly allocated and identified spectrum to be harmonised. The benefits of
spectrum harmonisation include facilitating economies of scale, enabling global roaming, reducing
equipment design complexity, preserving battery life, improving spectrum efficiency and potentially
reducing cross border interference.
Typically, a mobile device contains multiple antennas and associated radio frequency front-ends to
enable operation in multiple bands to facilitate roaming. While mobile devices can benefit from
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common chipsets, variances in frequency arrangements necessitate different components to
accommodate these differences, which leads to higher equipment design complexity. Therefore, 5G
spectrum harmonisation will lead to commonality of equipment and is desirable for achieving
economies of scale and affordability of equipment.
In November 2016, the RSPG adopted and published its opinion on spectrum-related aspects for
next-generation wireless systems (5G) [40]. In this document, the RSPG outlined the RF spectrum
requirements for the deployment of next-generation wireless systems in the EU. In particular, the
RSPG identified three pioneer 5G frequency bands:


3.5 GHz (3400-3800 MHz): this will be the first primary band aimed at providing capacity for
new 5G services;



26 GHz (24.25-27.5 GHz): this will be the pioneer mmWave frequency band in the EU. The
aim of the 26 GHz frequency band is to provide ultra-high capacity for future 5G services,
such as cellular backhaul for fixed wireless access or moving hotspots (bus, tram, etc.);



700 MHz: in addition to the above frequency bands, 5G can also be rolled out over the
existing EU-harmonised mobile bands, including those below 1 GHz. Radio waves in sub-1
GHz bands (e.g., 700 MHz) feature good propagation and indoor penetration characteristics,
thus ensuring that most EU citizens can benefit from new 5G services whilst enabling the
transition from the current to the next generation of mobile networks.

The RSPG opinion built on some previous key decisions on IMT allocation and use at the global level
from the 2015 International Telecommunications Union’s (ITU) World Radio Conference (WRC-15),
namely:


The 700 MHz band was identified for IMT use in Region 1 (Europe and Africa) and in few
countries in Region 3 (Asia-Pacific);



The 3.4-3.8 GHz band was also identified for IMT in Region 1, Region 2 (the Americas) and a
number of countries in Region 3;



Studies are ongoing on 24-86 GHz spectrum ranges for 5G use. The 24.25-27.5 GHz, 31.8-33.4
GHz, 37-43.5 GHz, 45.5-50.2 GHz, 50.4-52.6 GHz, 66-79 GHz and 81-86 GHz frequencies are
particular targets.

5.1.3 V2X frequency bands
The use of the 5.9 GHz radio frequency band for V2X communications in the EU can be analysed from
a dual perspective:


On the EU policy front, European Commission Decision 2008/671 [41] harmonises the
conditions for the availability and efficient use of the frequency band 5875-5905 MHz (also
known as the 5.9 GHz band) for safety-related applications of Intelligent Transport Systems in
the European Union. After its entry into force on 15th October 2008, EU Member States
were granted a period of six months to designate the frequency band 5875-5905 MHz for ITS,
as well as to make that frequency band available on a non-exclusive basis.



On the standardisation front, ETSI Harmonised Standard EN 302 571 [27] defines the
essential requirements for RF devices transmitting and receiving data in the 5.9 GHz band.
Hence, RF devices complying with the ETSI Harmonised Standard for 5.9 GHz are also de
facto compliant with the essential requirements of article 3.2 of Directive 2014/53/EU (the
Radio Equipment Directive, or RED in short). This EU Directive establishes a regulatory
framework for placing radio equipment on the market.

The two most prominent V2X communications technologies in the EU are ETSI ITS-G5 and 3GPP LTEV2X. Both technologies aim at providing vehicle-to-vehicle (V2V), vehicle-to-infrastructure (V2I) and
vehicle-to-pedestrian (V2P) services in the 5.9 GHz band. In addition, LTE-V2X also provides vehicleto-network (V2N) services over conventional LTE frequency bands (1.8 GHz, 2.1 GHz, 2.6 GHz, etc.).
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Figure 22: Supported ITS frequency bands in the EU

At the time of writing, the CEPT is conducting technical studies (as requested in the corresponding
mandate from the European Commission) to assess the possibility of:


Extending the upper edge of the EC harmonised safety-related ITS band (5875-5905 MHz) by
20 MHz up to 5925 MHz;



Allowing, in addition to road transport, other means of transport such as Urban Rail, using
Communication Based Train Control (CBTC), in the EC harmonised safety-related ITS band.

The preliminary results of these technical studies have been published in CEPT Report 71 [42]. This
report was approved by CEPT Electronics Communications Committee (ECC) on 8 March 2019.

5.1.4 Challenges
The main challenges in a V2X technology-neutral scenario are the coexistence and interoperability of
ITS-G5 and LTE-V2X systems in the ITS 5.9 GHz band. In broad terms, coexistence refers to the ability
of one communications technology to operate in the same frequency band as other communications
technology(ies) without causing harmful interference. On the other hand, interoperability denotes
the ability of one system (implemented with technology A) to seamlessly exchange and process
messages from a different system implemented with technology B.
Coexistence of different communication technologies for road transportation (such as ITS-G5 and
LTE-V2X) in the 5.9 GHz band is a major challenge from both the technical and EU policy points of
view. This is also applicable to the coexistence between road and urban rail ITS technologies, such as
CBTC (Communication Based Train Control), and short-range electronic toll collection systems (such
as CEN DSRC and HDR DSRC). In February 2019, Technical Group 37 of the ETSI Technical Committee
on Electromagnetic Compatibility and Radio Spectrum Matters (ETSI ERM TG37) launched two work
items to study coexistence mechanisms to avoid harmful interference between ITS-G5 and LTE-V2X
systems in the 5.9 GHz band, namely:


Work item DTR/ERM-TG37-273, which focuses on carrying out studies on the feasibility of
co-channel co-existence between ITS-G5 and LTE-V2X technologies based on solutions
presented to CEPT. In addition, this work item also aims at defining methodologies and
metrics required for performing the studies and evaluating the performance of the solutions
studied. Additional tasks are finding co-channel co-existence methods which enable both
technologies to use the same frequency channel in the same geographical area while
meeting the metrics defined, as well as to classify co-channel co-existence methods
depending on the observed metrics.



Work item DTR/ERM-TG37-274, which is tasked with carrying out studies on the feasibility of
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solutions based on combinations of co-channel and/or non-co-channel operations, as
presented to CEPT, to address spectrum sharing between ITS-G5 and LTE-V2X ITS
technologies. Furthermore, this work item also focuses on applying the methodologies and
metrics defined in DTR/ERM-TG37-273 for performing the studies and evaluating the
performance of solutions studied with the aim to enable both technologies to use the same
spectrum in the same geographical area while meeting the metrics defined.
The above work items are expected to be approved by ETSI ERM TG37 by February 2020.
In a similar way to the issue of coexistence, interoperability of ITS-G5 and LTE-V2X systems is also a
major challenge in a technology-neutral V2X communications scenario. Although upper layers of the
protocol stack (facilities, transport, network, security) are the same in both technologies, the access
and physical layers differ substantially. This poses important challenges to the realisation of seamless
communication between ITS-G5 and LTE-V2X systems. At the time of writing, there is an overall
consensus in the V2X community regarding the need to approach the above challenges in a
sequential manner — i.e., first solve the issue of coexistence and then study potential solutions for
enabling interoperability.

5.2

China

5.2.1 5G frequency bands
The Ministry of Industry and Information Technology (MIIT) is the competent authority in the
Chinese government for radio spectrum-related matters. In 2018, the MIIT issued nationwide 5G trial
licenses to the country’s three mobile operators (China Mobile, China Telecom and China Unicom).
These trial licenses were allocated as follows:


China Mobile, the country’s largest operator, was granted a 5G trial license in the 2.5152.675 GHz and 4.8-4.9 GHz frequency bands;



China Telecom was granted a 5G trial license in the 3.4-3.5 GHz frequency bands to carry out
trials in mainland China;



China Unicom was allocated the 3.5-3.6 GHz frequency band.

5G trial licenses issued by MIIT will be valid until June 2020, at which point they are expected to
become operational. During this time frame, the three Chinese mobile operators will progressively
return their current 5G trial frequencies to the MIIT.

5.2.2 V2X frequency bands
In contrast with the technology-neutral decisions made in the EU, in 2016 the Chinese government
designated C-V2X as the technology of choice for the large-scale deployment of C-ITS in China.
Concretely, in November 2016 the MIIT designated the 5905-5925 MHz frequency band as
experimental radio spectrum for C-V2X development in six major cities (Beijing, Shanghai, Chongqing,
Changchun, Wuhan and Hangzhou). This frequency band will be used to provide short-range, deviceto-device communication services between vehicles using exclusively LTE-V2X (3GPP Release 14) and
its future evolutions (e.g., 5G-V2X, 3GPP Release 16 onwards).

5.2.3 Challenges
Designating a single C-ITS technology of choice in the 5.9 GHz band eliminates the issues of
coexistence and interoperability in the Chinese V2X ecosystem and simplifies the deployment and
adoption of C-ITS throughout the country. Nevertheless, coexistence and interoperability with ITS-G5
will remain a technical issue for Chinese car exports. Likewise, coexistence and interoperability with
LTE-V2X will also remain a technical issue for some vehicle imports into the Chinese market.
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6

Conclusions

This deliverable introduces the use cases, architecture (sole and joint) and spectrum plan of the 5GDRIVE project. Use cases aim at illustrating real-life situations where the technology and solutions
developed in 5G-DRIVE can be applied to the two project scenarios (eMBB and V2X). Use cases will
be demonstrated through experimental trials in the different 5G-DRIVE trial sites (Espoo, Guildford
and Ispra). To do so, each trial features a specific architecture that encompasses all software,
hardware, network infrastructure and services needed to implement the use case in a real-life setup.
In addition to the architecture of each trial site in the EU, this deliverable also describes the
architectural design of the trials envisaged in 5G-DRIVE’s Chinese twin project – The 5G Large-Scale
Trial project coordinated by China Mobile. Furthermore, the initial steps towards a joint EU-China
architecture (based on a compare-and-contrast approach between the trials in both regions) have
also been discussed.
Finally, this deliverable touches upon some of the key radio spectrum aspects of eMBB and V2X
services in the EU and China. Since frequency allocation is a competence of national authorities, the
radio frequency plan for eMBB and V2X in each region can easily differ. Similarly to the concept of
joint architecture, this deliverable presents a compare-and-contrast approach between the radio
frequency situation for eMBB and V2X in the EU and China.
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