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Abstract

This deliverable presents the selected use cases for the twDRIYE project scenarios (eMBB and
V2X). In addition, it describes the architectural setup for each use case, as well as the initial steps
towards the realisation of a joint 580RIVE EZhina achitecture. Finally, some key radio frequency
spectrum aspects for the deployment of eMBB and V2X services in the EU and China are also
discussed.
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Executive Summary

This deliverable describes the use cases, architecture and spectrum plan ofDRIY& project. Use
cases aim at illustrating relife situations where the technologies and solutigm®posed in 56
DRIVE can be applied to the two project scenagosnhanced Mobile Broadband (eMBB) and
Internet of Vehicles (loV, also referred throughout this document as V2X communicatiofBRIS&
proposes two eMBB use cases (Cldugsisted AR/VR drindoor Positioning) and two V2X use cases
(Green Light Optimal Speed Advisory (GLOSA) and Intelligent Intersection).

5GDRIVE use cases will be demonstrated through-lifealtrials, each one featuring its own
architecture encompassing all the softwatregrdware, 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 architegtareiterativeand
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 servies 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 MenSiates (based on a
harmonised approach proposed by the European Commission) and the Chinese government in the
deployment of 5G networks and sheamdnge vehicldo-everything services (V2X).
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1 Introduction

The societechnical evolution in théast 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 countriddobile communications haveecomeclosely integrated in the

daily life of the society as a whdlg]. It is expected that the socitechnical trends and the evolution

of mobile @mmunications systems will remain tightly coupled together and will form a foundation
for society in 2020 and beyord]. In the future, however, its 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 stutions.

A connected society in the years beyond 2020 will imply to accommodate a comparable user
experience for endisers on the move and when they are static (e.g. at home or in the office). To
2FFSNI GKS 40684l SELISNR Sy OSrcatifiggnadhihe&vices, rob@soahd S d:
reliable connectivity solutions are needed as well as the ability to efficiently maintain service quality
with mobility. Maintaining high quality at high mobilitwill enable successful deployment of
applications on useequipment located within a moving platform such as cars or-sBjgged trains.
Connectivity on mobile platforms may be provided Wgernational Mobile Telecommunications

(IMT), Radio Local Area Network (RLAN) or another network on that platform usiadlesu
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: ScenarigdJse Cases, Trials, Architecture

The 5GDRIVE project is part of the H2020-BRZH nmy [/ £ € o049} [/ KAYyIl pD [
aims at performing a close collaboration between EU and China to synchronise 5G technologies and
spectrum issues before ¢final roltout of 5G. The main scope is to conduct 5G trials addressing two
specific scenarios:

1 Enhanced Mobile Broadband (eMBB) the 3.5 GHband, which is a priority band in the
two regions for early introduction of very high data rate servicé® d@pplications 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.

1 Internet of Vehcles (loV)based on LT&2X using the 5.9 GHz band for Vehiold/ehicle
(V2V) and Vehicl®-Infrastructure (V2I) services, as well as the 3.5 GHz band for \f&hicle
Network (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.

Eachscenario will be illustrated byse caseslescribing particular applications of the technologies
and solutions defined in 5GRIVE to redife situations. Subsequentlgpme of these use cases will

be demonstrated through projectrials ¢ i.e., tangible mplementations of the use cases, each
featuring its ownarchitecture comprising software/hardware components, services and network
infrastructure.

© 2018- 2021 5GDRIVE Consortium Parties Pagel2of 46
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1.2 Scope and Structure of this Deliverable

This deliverable describes the use cases, joint architecture anctrape plan for the 5@RIVE
project.

1 The 5GDRIVHIse casesllustrate 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 eer the eMBB and loV scenarios described in the2lET
2018 call. Sectio.1and 3.2 discuss the 5®RIVE use cases for the eMBB and loV scenarios,
respectively.

1 Each 5&@RIVE use case will be demonstrated by a spegdicin one or more sites in the
project consortium. To do so, each trial will be underpinned by a specifidesthial design
comprising the software/hardware components, network infrastructure and services needed
to support the experimental activities in the trial. SectioA®2 and 4.3 describe the
underpinning architecture for the eMBB and V2X trials ilCBBVE, respectively. In addition,
as part of the collaboration between the EU and Chinese projects foreseen-DRBEE,
section 0 presents the various architectures of the trials to be conducted in the Chinese
consortium. The concept gbint architecture in 5GDRIVE is the output of an iterative
process aimed at comparing and contrasting the #edhtural 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.

1 Both eMBB and V2X services ardivded using communication technologies deployed in
different frequency bands. Since radio spectrum allocation is a competence of national
authorities, theradio spectrum planfor eMBB and V2X services in the EU and China can
easily differ. This is desbéd in detail in sectiob.

© 2018- 2021 5GDRIVE Consortium Parties Pagel3of 46
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2 Communications Standards for eMBB and V2X

Major international bodies such as 3GPP,-R,UTUT and ETSI are actively involved in the variou
ongoing 5G standardisation processes. As 5G aims at integrating different domains (such as
mobile/fixed/satellite, licensed/unlicensed spectrum, 10T) it may become an issue how the standards
development organisations (SDOs) related to these specific ohenveill work together to define a

global 5G concepf3]. Figurel depictssuch an intended progressive action, where fundamental
oDtt NBfSFasSa O2NNBftIGS G2 20KSNJII 6fithe BGPPPOG A 2 Y

program.
> 5G PPP Phase | > 5G PPP Phase I > 5G PPP Phase |||>

AV

Al

I Trials >
Contributions to standardisation and regulatory process " Y L
via member organisations in respective bodies I Prototype and product development>
Winter Olympics, EIEA World Cup,  Summer Qlympics,
Kok® @ Buia 2018 () Jagan
I 2012 | 2012 I 2014 I 2015 I 2016 [ 2017 2018 TA 2019 ] 2020 ]
K o

v " FIFA World Cup.
Release 12 Release 13 Release 14 Release 15 Qatar 2022

Figurel: Proposed timeframe for 5G evolution, according to th@dldy and within the 3GPP and the-BBP
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 leoth th
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 #reyimplemented will make one of the

most meaningful contributions to the 5BPP programme, helping pull different technologies under
one umbrella as 5G becomes increasingly reliant on standards, with a focus on interconnection and
interoperability.

The rext 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 tB&RBE project.

2.1 eMBB Standards

eMBB is one of three primary 5G New Radio use cggetefined by 3GPP as part of its SMARTER
64{GdzRe 2y bSs {SNDBAOSA | yR B} [6H7SIGEP qudifdKuyfra t 2 3 &
fast mobile broadband as mobile systems capable of delivering speeds of 20 gigabits per second, at
least unidirectionally, and without specific latency requiremef$. 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 20T%e objective behind SMARTER 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 70asss, initially grouped into five
essential categories which have since been trimmed down to three.

This section describes the ongoing standardisation efforts in 3SGPP for eMBB services.

© 2018- 2021 5GDRIVE Consortium Parties Pagel4 of 46
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2.1.1 3GPP Release 15

Ly 2NRSNJ G2 adzZJR2 NI GKS AyAGALFE NRff2dzi 2F Sa.
Access Network) Group committed to finalise the Mgiandalone (NSA) 5G NR variant by March

2018. In fact, the standard was approved in December Z007. 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 LTEdLBerm 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 scemaption 3).The Standalone (SA) variamgs 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 rgemeration core network architecture @NGC) also

being done in 3GPP. SA 5G NR technical specifications have been completed in June 2018 as part of
3GPP Release Ibhus, eMBB can be assessed as the first phase of 5G, which will be encompassed in
the 3GPP Release 15 standdddl]. 5G Phase 2 will go beyond the eMBB services to more
transformational Ultra-Reliable Low Latency CommunicatiohdR{LC) and Massive Machihge
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 servicesll include enhanced mrehicle infotainment, like reaime traffic

alerts, highspeed internet access, streaming réiahe video or playing games involving 3D 4K video.

The second phase would involve autonomous vehicles on a mass scale capable ofimptmend
interacting with other vehicles and/or with the nearby road infrastruct[ir2)].

3GPP has defined both a new radio access networkRANIS, with a new radimterface protocol
architecture called New Radio (NR), as well as a new 5G core ngi8}rl6GC). The NRAN is
composed of two types of NBAN nodes: gNBs, providiNR protocol terminations towards the UE,
and ngeNBs, providing -BTRA protocol terminations towards the UE. TheRIN nodes can be
interconnected with each other via Xn interfaces and with the 5GC via NG interfaces. In contrast to
the 4G traditional golved 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 weknown EPC network elements such as the Mobility Manzant 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, andtdadalone 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 fperators to manage and may be deployed as

an independent network using normal intgeneration handover between 4G and 5G for service
continuity. Three variations of SA are being defined in 3GPP:

9 Option 1 using EPC and LTE eNB access (i.e. as per c@ienEhetworks);
I Option 2 using 5GC and NR gNB access;
1 Option 5 using 5GC and LTEeMNB access.

In nonstandalone (NSA) scenario, the NR radio cells are combined with LTE radio cells using dual
connectivity to provide radio access and the core network fo@yeither 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 serviceShis solution will require tight interworking with the LTE RAN. The end
user experience will be dependent on the radio access technolegy(ised. Three variations of NSA
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are defined in 3GPP:

f Option 3 using EPC and an LTE eNB acting as master anejNE aating as secondary;

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

9 Option 7 using 5GC and an LTEEN acting as master and an NR gNB acting as secondary.
Two deployment options have been defined for 5G:

1 TheNon-Stand Alone (NSAarchitecture, 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 nbasé 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 ad BRANR Dual Connectivity (EDC) or Architecire Option
3.

1 TheStandAlone (SArrchitecture, 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 illustratedrigure2.
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Figure2: The 5G Nofstandalone Architecture

In the NSA architecture, as described in section 4.1.2 of TS J18}@he NR base station (logical

node engNB) 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 intedisoesupport
connecting an eNB and &gNB in case of NSA operation. In additiohJTHRAN for NSA architecture
connects to the EPC network using an S1 interface. Dual connectivity between eNB (as master node)
and engNB (as secondary node) is calledDI

The SA architecture is illustratedRigure3.

% This 3GPP term refers to the version of a NR gNB working under tB&HEdature within architecture option 3, where the
master is an LTE eNB connected to EPC.
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Figure3: The 5G Standalone Architecture

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

+ Simple to manage * Not able to leverage existing
+ Inter-generation handover LTE deployments if NR is used
between 4G-5G in SA

* Tight interworking between LTE
and NR required
* May impact end user experience

* Leverage existing LTE
deployments

» |everage existing EPC

EPC

« Cloud support is optional

deployment
Core
network ¢ Cloud native
5GC + Easier to support multiple ¢ New deployment required
access

Figure4: Comparison of 5G Radio access and Core netdatks

5G deployment options are being defined in 3GPP using either the existing EPC (Evolved Packet Core,
specified in 3GPP TS 23.401T]) or the 5GC (5G Core network, specified in 3GPP TS 2880DIThe
two architectures follow a very different set of desigmngiples.

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 virtualisationitst 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 multiude of access technologies, better support for network slicing and edge
computing.
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2.2 V2X Standards

Vehicleto-Everything (V2X) communications refer to the exchange of information from a vehicle to
an external entity that may affect the vehicle, and vieesa. It is a vehicular communication system
that incorporates other more specific types of communication as V2| (Vebidtdrastructure), V2N
(Vehicleto-Network), V2V (Vehicim-Vehicle), V2P (Vehicte-Pedestrian), V2D (Vehiele-Device)

and V2GVehicleto-Grid).

By employing cooperative awareness, the above types of V2X applications can be jointly used for
smarter services for endsers. For example, vehicles, pedestrians, application servers, and road
infrastructure can obtain local environmemntaformation 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.

Application layer [IoTApplicaticns | [Home ” City J_J
.
) M
g ical Common service Specific domain
ervice layer capabilities capahbilities IGPF reuse
. ) Other standards
- ; ______________________________________________ - --mmmm-

Metworking capahbilities

Network layer

Transport capabilities

L.

- - 4

(" . - . —
Device layer Device Gateway l ﬂ
capabilities capabilities | e ()

-

Figure5: 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, WLAbased (IT$5) and cellulabased (6&/2X). The following
subsections describe these two technologies in more detail.

2.2.1 ETSI IT&5

1 IEEE 802.11is 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 d&si)\Wequired to
support ITS applications. This includes data exchange betweenrsigd vehicles and
between the vehiles and the roadside infrastructure, so called as V2X communication, in the
licensed ITS band of 5&Hz (5.8%.925GHz). IEEE 16(#0]is a higher layer standdtbased
on the IEEE 802.11p. It is also the basis of a European standard for vehicular communication
known as ETSI FI&® (described by the ETSI EN 302[2&3.

1 ETSI IT&5is an extension of IEEE 802.11p, modified and optimized for operation in a
dynamic automotive environment. ETSI -B% was originally defined in 2004 and has
undergone a thorough standardization process. This included extensive field tesarongs
in 2008 with the German SIM22] field tests with 400 vehicles) and mulendor
interoperability testing (ETSI plug tests since 2011). Automafigde inplementations have
been available for a number of years to allow Original Equipment Manufacturers (OEMs) and
Tieem & dzLILJX ASNBR (G2 LISNF2NY SEGSyargsS GSada
importance for a safetyelated product.

The EN 302 663 atdard has outlined the two lowest layerphysical layer and data link layemn
the protocol stack for supporting V2V communications inadnhocnetwork to be used at the 5.9
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GHz frequency band allocated in Europe. The two lowest layers are ternmstess layer and data

link layer of the OSI model. The technology specified for the access layer is collectively called as ITS
G5. During its validation, the H& standard has used already existing standards for
communications.

The data link layer is dded into two sublayers, Medium Access Control (MAC) and Logical Link
Control (LLC). The physical layer and the medium access control layer are covered in IEEE3302.11
The logical link control is based on the ANSI/IEEE Std 8B8.2The IT$5 standard also adds
features for decentralized congestion control (DCC) metH@8$to control the network load and
avoid unstable behaviour.

The EN 302 663 standard has assessed theramications architecture as proposed in ETSI EN 302
665[26].

ITSG5 technology is tailemade 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 complemeatscie
sensors. Since it is a broadcast technology, it can also coinaia 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, distance
keeping in platoons fotrucks and for future higher levels of more automated driving. It has been
designed to operate at shorange.

ITSG5 and WAVE technologies do not require any network coverage or roadside units to exchange
messages. Communication takes place wheneveiclehor ATS stations are within range of each
other, as they can form adoc 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.

ITSG5 technology is designed to be operated on the 5.9 GHz frequency band and fulfils the
requirements set out by ETEN 302 57127] and the ITS Directive 2010/40/R8]. ITSG5 and
WAVEtechnologiegq29] 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-rahge
communication technology.

ITSG5 protocol technology also meets all requirements to operabeder the European

I 2YYA&aaArz2yQa [PBE GudNBedudity Qegificdtiahe Policj81] which assure the
trustworthiness of messages sent usingTS. As several FG5 systems have been developed by
automotive suppliers, functional safety like compliance with the Automotive Safety Integrity Level
(ASIL) according to 1206262[32] is already taken into account.

2.2.2 3GPP LTE2X (Release 14)

3GPPstarted standardization work of cellular V2X\(2X) in Release 183] in 2014. It is based on

LTE as the underlying technology. Specifications were published in 2016. Because -ifi#&se C
functionalities are based on LTE, it is often refd to as LT&2X. The scope of functionalities
supported by &/2X 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 Eundofiee
originated Cooperative Intelligent Transport SystemsT&) as such standards are decisive steps
towards the target of autonomous driving and clues to market influenc¥2Xtechnology is
designed to connect vehicles to each other, to roadsideagtfucture, to other roaelsers and to
cloud-based services.

GV2X technology has been designed to operate in two modes:

1 Deviceto-device:this is Vehicldo-Vehicle (V2V), Vehicte-(Roadway) Infrastructure (V2I)
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and Vehiclgo-Pedestrian (V2P) direct communication without necessarily relying on
network involvement for scheduling.

1 Deviceto-network: this is Vehicléo-Network (V2N) communation which uses the
traditional cellular links to enable cloud services to be part of the-teneind solution by
means of network slicing architecture for vertical industries.

LTEV2X was standardised by the 3GPP in 2016 under the umbrella of LTE Releasel
encompasses two interfaces: (i) a wide area network LTE interface (Uu) that conneaiseend
devices and vehicles to mobile network base stations and mobile core networks, for provision of
Internet and vehicle to network (V2N) services, anda(ifjrectcommunications interface (PC5) that
connects vehicles to vehicles (V2V), to roadside infrastructure (V2I) and to pedestrians and other
vulnerable road users (V2P), for provision of datency and highreliability vehicular services. The
LTEV2X 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 €S4BA4¢ (ProSe),

which provided public safety UEs the option to communicate directly. However, commercial
equipment was excluded mostly due to the lack of operatontrol with respect to charging and

legal interception. The ProSe feature offers with the PC5 interface additional functionality like
discovery of other UER5], which is not utilized for V2X communications. &/PX 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 performVRKE
communication over the PC5 reference point and its -RE@BR. Further, the subscription
information contains the list of the Public Land Mobile Networks (PLMNs) where the UE is authorized
to perform LTE/2X communication over the PC5 reference pointc@ytrast, mode 4 of LT¥#2X

does not require connectivity to a cellular network.

In principle, LT®&/2X has some advantages over@5% including its ability to also provide (via its Uu
interface) longerange vehicldo-network (V2N) communications, leveraging use of the commercial
mobile telecommunications network spectrum to enalgiennections to cloudbased infrastructure

and backoffice 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 tramition from 4G to 5G) are seen as significant benefits oMZDE At the same time, LTE

V2X (via its PC5 interface) is also able to provide direct V2V communications between devices, with
no subscription or network intervention required. On the other hahSG5 is a mature and tested
technology, and its market deployment at the time of writing is well ahead of that e¥/RRE

2.2.3 3GPP 5&/2X (Release 15 and beyond)

In Release 15, 3GPP continued HgZX standardization to be based on 5G. Specifications begn
published in 2018. To emphasise the underlying technology, the terav2Gis often used in
contrast to LT#ased V2X (LT¥E2X). In both cases;\2X is the generic terminology that refers to
the V2Xtechnology using the cellular technology irresppee of the specific generation of
technology.

Release 16 of the 3GPP Technical Specifications further enhances-\2&X @unctionality.
Standardisation work is currently in progress. This way/2K is inherently futurproof by
supporting migration patto 5G.

¢KS GFNBSG 2F wStSIFAS mnQa ¢2N] (2 adzZlL2 NI +H-
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 ses/ltased on LTE, the Release 15 work ¢3%&X
(enhanced Vehicko-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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f Vehicle Platoonings SKA Of Sa LJX | 422y Ay 3 Syl ot $a i KSNRPASAE
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 digpance translated to time can
be very low (practically at the order of magnitude of sdzond). Platooning applications
may allow the vehicles following the one leading the group to be autonomously diien.
requirement on the communication latency directly related to the assumed intgehicle
gap (distance between successive vehicles and equivalent to vehicle density), which can be
specified in meter or seconds.

1 Advanced DrivingAdvanced Driving practically enables the case of sertumated or filly-
automated driving. In this case, longer interhicle 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 manoeuvresaddition, 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.

1 Extended SensorsExtended Sensors enlas 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 ownessors can detect and, consequently, have a
more holistic view of the local situatioRlere, high data rate is one of the key characteristics.

1 Remote DrivingRemote Driving enables a remote driver or a V2X application to operate a
remote vehicle for thosepassengers 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, acces to cloudbased baclend service platform can be considerétigh reliability
and short low latency are the main requirements.

1 Vehicle quality of servicesupport enables a V2X application to be notified of change of
quality of service before actual changecurs and to enable the 3GPP System to modify the

jdz t Ale 2F ASNWAOS Ay tAYyS GAGK +£wu- | LILX AOI
2F ASNBAOS AYTF2NNIGA2YSY (GKS zu- FLILX AOFGAZY
The benefits bthis use case group are smoother user experience of service and increased
safety

Ly wStSIrasS wmpx GKS 2L da+w- LKFAS w 4AMHYR).2y [ ¢
This WI enhances the Cellulaaised V2X services (V2V, V2I/N, and V2P) to support advanced V2X
services as identified in TR 22.888] in a holisic 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 5H5GDRIVE Use Cases

This section describeséheMBB and V2X use cases considered HDB&/E. These use cases will be
demonstrated through experimental tests in some of the-BRIVE 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:ICloudAssisted AR/VR

Definition:

Cloudassisted 3D Augmented Reality (AR) is @RB/E use case in the eMBB scenario. As opposed
to conventional gaming consoles or personal computers (which are highly dependent on the signal
processing capabilities ofi¢ GPU), cloudssisted 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 aagaih

While some new technologies, such as eye tracking and foveated rendering are essential ingredients
for highresolution headmounted displays (HMDs), bandwidth and latency requirements have
pushed the expectations for 5G networks. As it is knowrplaysresolutions 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) betweeh00 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 uliigh data volume requirements that can be handfedre
effectively.

Relevant KPIs for this use case:

To maintain the QoE levels required in reale, highdefinition cloudassisted 3D AR, the following
KPIs are of special interest in this use case:

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

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

nm” HMH'

Figure6: 5GIC Kinect sensors setup for providing chrsisted 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 atilzcation 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 supparnt 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 extsignalling 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 sde, this requires rallocation 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 wftier 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 prevgito maintain and operate their devices.

Figure7: Measurement route and mobile robot for providing reference location and indoor maps.

Relevant KPlIs for this use case:
1 Peak data ratealready defined in sectio®.1.1
T Jitter: this KPI denotes the variation in the delay experienced by received packets (in ms).

1 Latency:radio latency is the radio access network contributionthe 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 sigmage €TS service aimed at informinga
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 Ul features are manufactpecific, eneuser GLOSA
notifications usually follow the structure below:

T a¢KS2YIALYH (NI FFAO tAIKG oAttt asAldOK adal Gdza A
T aYSSL) aLISSR G op 1YkK G2 NBIFIOK (KS dzLlJO2 YAy
f a!'a LISNI FLIWIX AOFo6fS £S3lf aLSSR tAYAlGa Ay GK
NER adl Gdzae
GLOSA provides end users with sktertm 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 RSlogaied with a traffic ligh{and having access to its internal finite
a0F40S YFOKAYSUOUS ONRIFROF&aGa GAYAY3I AYF2NNIGAZ2Y
status via Signal Phase and Timing messages (SPAT). Neighbouring vehicles can receive these
messages and procesheim locally along with their own positioning, speed and direction data
(amongst others). By doing so,-bnard V2X modules can notify drivers about the optimal speed to
reach an upcoming traffic light in green status or, alternatively, to be aware thatalffec light will
nevertheless transition to red imminently.

4
SASTR
# o [

Hong Kong Applied Science

and Technology Research Institute

Currently at:
Hefeng road

Figure8: An LTE/2X GLOSA demonstration by China Mobile, Huawei and ASTRiiiEUJoint Kie®ff, 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/msceived data rate are not a major concern in this
particular use case. Instead, the most relevant sedawelperformance indicators for GLOSA are:

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

9 Latency:the radio access network contribution to the total elapsed time, meaddrom 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 diffcult 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 depictedrigure9.

Figure9: Perception areas of the intelligent intersection

When a pedestrian is detected in the grey area, a Decentralized EnvindaihiNotification 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 shdd 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-BRIVE, as the message supportsiotsr 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 hurmaachne 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 V2Xntmications is very critical. Latency on older
3G networks was found to have outliers up to 25 second89% which is unacceptable for these
applications. Insted, 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 elemem¢ and t
variability in previous work, some more contextual KPIs are required to get a more predictable
latency:

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

1 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).

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

1 Total channel load in MbpsThe total load of the channel is an important contextual variable
to determine how much interference can bgpected.

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

© 2018- 2021 5GDRIVE Consortium Parties Page25of 46



P Ry,

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

4  Joint Architecture

4.1 The 5GDRIVE Joint Architecture Concept

Each trial in the 5®RIVE project features its own architecture comprising the software/hardware
components, network infrastructure and engser services needed to carry out the planned
experimental activities. These psite architectural designs are thatarting point of the 5@RIVE
joint architecture.

In the context of the 56& wL +9 22 Ay (i | NOKAGSOGdZNBTI GKS &SN)Y ¢
RS T Ay Ba&k i, a collaborative effort conducted by both the EU and the Chinese consortia aimed

at canverging 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 th®RIGE joint
architecture. In particular, the variousdnitectural proposals for each trial site (both in the EU and in
China) are discussed, along with an initial Heyjrel comparison of the EU and Chinese architectures
to highlight some key commonalities and differences.

4.2 eMBB Trials

4.2.1 Architecture for CloudAssisted AR/VR Trial

The testbed for the 5®RIVE AR/VR trial is located across various locations in the Souraty(UK)

with its headquarters at University of Surrey (UoS) campus in Guildford. The 5GIC (5G Innovation
Centre) can connect to remote sitekroughout 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 aconelateway

for domestic and IoT services targeted at local farming. The testbed features a 3GPP Release 15 SA
architecture and supports mWRAT technologies, as describeddvel

Outdoor:
1 Ultra-dense LTH&A-DD GCRAN- 44 sites,
1 5G eMBB @®RAN 3.5 GHzTDD- 7 outdoor sites, 8 cells,
1 5G URLLC RAN: 3.5 @GHzite,
1 5G RAN 700 MHz1 site.
Indoor:
T GRANc 6 cells in the same building (2 floors),
f  WiFic 6 APs,
1 LTEA-TDD( 6 picocells,
T 5G RAN 26 GHZ. site.

The overall testbed and its interconnections are showhigurelO.

© 2018- 2021 5GDRIVE Consortium Parties Page26 of 46



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

>

5G Machine Room ()
Virtualisation Platform Exchange

B

Virtualisation System

0
'
'
'
'
'
'
'
'
'
'
'
'
'
'
' Core Network
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'

woanclecdiassssnsnn oschsansscssssnas fos) sacscsncan fesdsanns

!Il|ll ,lmll""“!

,4 (q'»‘-\.‘ a § Small Cot § s, \\II oll § Small Cot Small Cell

Macro Small Cell Small Cell
-3 (URLLC) Cluster B) (A1) (A16 -

Figurel0O: 5GIC testbed overallcrtecture

The main part of the 5GIC testbed is installed in University of Surrey (UoS) campus at Guildford. The
multi-RAT (6 WiFi and 50 LLAEbase stations at the UoS campus (as of 2017) are shdviguirell.

Figurell: Locations of muHRAT base stations at UoS campus (2018)

In 2018 the 5GIC was enhanced bydMBB (7 sites), one 58RLLC site (both according to Release
15 with CUPS) and one LAKE700 MHz site). The locations of the sites at the UoS campus are shown
in Figurel2.
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Figurel2: Locations of new base stations at UoS campus (2018)

The network infrastructure uses NFV & SDN technologies. 5GIC uses a special approach to

virtualization calledFlat Distributed Clou¢FDC) andew Meta-Data Protoco(MDP) that provides a
contextaware user plane control.

1 The testbed uses NFdAsed EPC. It can collect data from all network devices and make a
visual presentation of collected live and historical lgtias 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 isark in progress on Alriven autonomous slicing.
Finally, the 5GIC testbed has been tested with 1 million emulated users, achieving a peak per
cell throughput of 8 Gbps in some tests.

4.2.2 Indoor Positioning Setup for Trial

The indoor positioning setup is dgeied to support both terminal and network side positioning. It is
L I yySR G2 06S AydSaANIGSR Ayid2 +¢¢ Qawwpgfifd Sado
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 copices presented irFigurel3in 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 pia®lls that are connected to it.
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