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Executive Summary
5G RailNext was an 18-month collaborative project which explored the potential of interactive
media over 5G in underground transport systems. The project ran from October 2019 to
March 2021 with the aim of demonstrating that the next generation of mobile networks and
content platforms has the potential to improve passenger experience, enable new marketing
channels and create new revenue streams for advertisers, media owners and operators.
The consortium consisted of world-leading expertise from the technology, marketing and
transport sectors, with Cisco, as lead partner, working alongside the University of Strathclyde,
Ampletime, Sublime, Strathclyde Partnership for Transport (SPT), and Glasgow City Council.
The project was supported by the UK Government’s Department for Digital, Culture, Media &
Sport (DCMS), and involved the development of a demonstrator in Glasgow’s underground
rail system – the Glasgow Subway.
The project also involved collaboration with a 5G demonstrator project in South Korea, led by
the Electronics and Telecommunications Research Institute (ETRI) in conjunction with partners
Dankook University, Wilus, CleverLogic, and Seoul Metro.
Although the 5G track-to-train connectivity solutions implemented in the UK and Korean
demonstrators were different from one another1, the interactive media applications that ran
over the 5G connections were identical.
A user trial was conducted in the Glasgow Subway on Tuesday 23rd March 2021. The trial
involved the testing of a live deployment of mobile infotainment services in the subway rail
environment, with the overarching aim of exploring and understanding the potential for
Augmented Reality (AR) over 5G for the marketing and creative industries.
Field tests and demonstrations were also carried out in South Korea, in February 2021,
measuring various technical performance parameters and demonstrating the interworking of
the track-to-train connectivity system developed in South Korea and the AR-based
advertisement service platform developed in the UK.
The 5G infotainment service consisted of two parts working together to deliver and measure
the advertising experience in the public transit environment:
1) An interactive Digital-Out-Of-Home (DOOH) Advertising Framework which enables
playout of advertising content to a user’s device (headset or handset) when the user
scans a QR code that is displayed on an advertising screen.
2) An Augmented Reality application which enables AR glasses-wearing passengers to
interact with virtual objects that are overlaid on top of real-world objects. This
provides an opportunity to virtually try and purchase new sports shoes, for example,
while travelling between stations on the underground metro train.

1

In South Korea, the track-to-train connectivity was built on mmWave technology operating at around 24 GHz
with a bandwidth of 600 MHz, while in the UK, the track-to-train connectivity was built on 5G Standalone (SA)
technology using shared spectrum in the mid-band frequency range (3.5 GHz) with a bandwidth of 20 MHz.
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Data connectivity to/from the trains was provided by 5G network technology. In the UK, a 5G
Standalone (SA) network was built and installed in the Glasgow Subway, operating using midband 5G frequencies at around 3.5 GHz. In Korea, the potential for mmWave solutions was
investigated, operating at around 24 GHz with a test/demonstration system implemented on
the Seoul Metro.
Technical performance tests in the Glasgow Subway showed that track-to-train throughput
rates of almost 100 Mbps were achievable between user devices on the train and the trackside
infrastructure, using a bandwidth of 20 MHz in the 3.5 GHz band. As 5G technology develops
and matures in the near future, it is expected that radio equipment supporting bandwidths of
up to 100 MHz within the 3.5 GHz mid-range frequency band will become available, and the
data rates achievable in that band will increase correspondingly. In South Korea, technical
performance testing showed that data rates of up to 2 Gbps between track and train were
achievable, using a bandwidth of 600 Hz in the mmWave frequency range at around 24 GHz.
A key aim of the project was to explore and understand the potential for delivery of advertising
content using AR/mobile applications enabled by 5G connectivity. To this end, user trials were
conducted on a live train in the Glasgow Subway during normal passenger service hours. The
trials involved participants consuming the AR/mobile content and providing feedback on their
experiences through a series of survey questions.
Most of the survey respondents reported that they would be likely to interact with the adverts
and would prefer interactive content or a combination of both interactive and static content.
Some respondents indicated that they would be unlikely to make a purchase there and then,
although this may depend more on the products themselves than the method used for
advertising them. Most respondents said that they would welcome the ability to research
products while travelling on the trains, and the ability to ‘try’ products using AR technology
was deemed useful by a number of respondents.
Most respondents preferred to use a mobile handset rather than the AR headset. (It’s not
clear why this might be the case, but it could be because headsets are not yet established as
a mainstream platform and people are, in general, not yet used to using them. It could also
be because headset technology is not yet sufficiently mature to enable a ‘good enough’ user
experience.)
At the time of commencement of the 5GRailNext project, the plan was to partner with a
number of retail brands in order to deploy and measure the impact of Augmented and/or
Mixed Reality (AR/MR) advertising in public transport environments. The brands would
provide direction and Key Performance Indicators (KPIs) while project partners would develop
the technology, execute a public pilot, and measure the KPIs. The final result would provide
the foundation for a feasibility study on how Return On Investment (ROI) associated with 5G
deployment in public transport environments can be achieved via the provision of AR/MR
advertising.
A key element of the above was the ability to execute a public pilot, i.e. deployment of 5G and
AR/MR content that would be made available to general public. However, as a result of
Covid-19 restrictions, the public pilot was not possible due to health and safety concerns.
When it became clear that a public demonstration/trial would not be possible, the project
consortium moved to develop an alternative plan that would enable the achievement of the
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goal of measuring the value of contribution that AR/MR advertising can deliver in 5G
deployments.
This revised plan included a non-public demonstration/trial, in which a technology solution
comprising a 5G network, AR/MR advertising delivery framework, and sample AR/MR content
would be deployed and made available to a limited group of trialists, with results being
assessed by representatives of brands. The representatives would then complete a survey that
would capture their readiness to invest in AR/MR advertising.
Immediately after commencement of the demonstration in Glasgow, the participant survey
was completed, and the results were fed into the brand survey. The results of the survey
suggest that most of the brands have already explored the opportunities that AR/MR creates
for consumer engagement, and whilst present levels of adoption of AR/MR in the consumer
space may not yet be sufficient to make deployment of out-of-home AR/MR advertising
appealing beyond PR scope, the brands nevertheless expect adoption to increase in the
foreseeable feature. This usually means 2-4 seasonal cycles, i.e. 1-2 years, making the AR/MR
advertising space a segment where growth is to be expected within 5G deployment timelines.
Collaboration between the UK and South Korea was a key element of the project, and although
the Covid-19 pandemic prevented the project consortium from holding face-to-face meetings
and technical workshops, effective collaboration and exchange of information was
nevertheless achieved through the use of on-line tools and teleconferencing. This resulted in
a successful AR/MR demonstration in Seoul, showing that AR-based immersive services could
be provided through the wireless backhaul of the South Korean partners’ Mobile Hotspot
Network (MHN) system.
In summary, 5G RailNext has shown that 5G mobile technology is well-suited to providing
track-to-train connectivity for underground railway systems. Such connectivity solutions could
be provided either by a public mobile network operator or by a private 5G network operator.
(In the UK, Ofcom’s spectrum sharing framework facilitates the private 5G network approach
in a way that is not, at present, generally available in all countries.) Coupled with this,
interactive media and AR-based advertising could help to improve passenger experience,
enable new marketing channels, and create new revenue streams for advertisers, media
owners, and operators.
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1 Introduction
5G RailNext was an 18-month collaborative project which explored the potential of
interactive media over 5G in underground transport systems. The project ran from October
2019 to March 2021 with the aim of demonstrating that the next generation of mobile
networks and content platforms has the potential to improve passenger experience, enable
new marketing channels and create new revenue streams for advertisers, media owners
and operators.
The consortium consisted of world-leading expertise from the technology, marketing and
transport sectors, with Cisco, as lead partner, working alongside the University of
Strathclyde, Ampletime, Sublime, Strathclyde Partnership for Transport (SPT), and Glasgow
City Council.
The project was supported by the UK Government’s Department for Digital, Culture, Media
& Sport (DCMS), and involved the development of a demonstrator in Glasgow’s
underground rail system – the Glasgow Subway.
The project also involved collaboration with a 5G demonstrator project in South Korea, led
by the Electronics and Telecommunications Research Institute (ETRI) in conjunction with
partners Dankook University, Wilus, CleverLogic, and Seoul Metro.
Although the 5G track-to-train connectivity solutions implemented in the UK and Korean
demonstrators were different from one another1, the interactive media applications that
ran over the 5G connections were identical.
A user trial was conducted in the Glasgow Subway on Tuesday 23rd March 2021. The trial
involved the testing of a live deployment of infotainment mobile services in the subway rail
environment, with the overarching aim of exploring and understanding the potential for
augmented and mixed reality over 5G for the marketing and creative industries.
Field tests and demonstrations were also carried out in South Korea, in February 2021,
measuring various technical performance parameters and demonstrating the interworking
of the track-to-train connectivity system developed in South Korea and the AR-based
advertisement service platform developed in the UK.
This document constitutes the project’s public report. It describes the 5G infotainment
service applications that were developed, as well as the 5G track-to-train connectivity
solution that was deployed in the Glasgow Subway. It also describes the technical
performance trials and user trials that were conducted, and draws conclusions based on
the results of those trials.

1 In South Korea, the track-to-train connectivity was built on mmWave technology operating at around 24 GHz

with a bandwidth of 600 MHz, while in the UK, the track-to-train connectivity was built on 5G Standalone (SA)
technology using shared spectrum in the mid-band frequency range (3.5 GHz) with a bandwidth of 20 MHz.
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2 5G Infotainment service
The 5G infotainment service consisted of:
(1) An interactive Digital-Out-Of-Home (DOOH) Advertising Framework which enables
playout of advertising content to a user’s device (headset or handsets) when the
user scans a QR code that is displayed on an advertising screen. (See Figure 2.1.)
(2) An Augmented Reality (AR) Application which enables AR glasses-wearing
passengers to interact with virtual objects that are overlaid on top of real-world
objects. This solution provides an opportunity to, for example, virtually try and
purchase new sports shoes while travelling between stations on the underground
metro train. (See Figure 2.2.)
The two parts of the service work together to deliver and measure the AR advertising
experience in the public transit environment. The overall deployment set-up is illustrated
in Figure 2.3.

(a)

(b)

Figure 2.1: Advertising Framework. (a) QR code displayed on advertising screen; (b)
A trialist viewing the playout content via the AR headset on the train.

Figure 2.2: Illustration of the ‘virtual shop’ experience.
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Figure 2.3: Overall deployment set-up of 5G Infotainment service.

Advertising Framework
Functionality
The Advertising Framework is illustrated in Figure 2.4. It consists of two main modules:
(1) a Software-as-a-Service (SaaS) cloud & edge application that provides media
content management, distribution analytics and IoT device management.
(2) an IoT media player for digital-out-of-home advertising displays that enables
playout, QR code reading, distributed marks rendering and real-time engagement
tracking.
The edge part of the framework provides accelerated content delivery and enables edgebased compute that is placed close to the consumer (passenger’s device) for low latency
that is critical for a safe and pleasant AR experience.
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Figure 2.4: Advertising Framework architecture.
Configuration and Operation flow
The framework operation flow is shown in Figure 2.5.
1) Upload media content (video clips) and corresponding call-to-action universal
resource identifiers (URIs) into the SaaS application.
2) Create playout destinations that send the media content to the media players.
3) When an AR glasses-wearing passenger decides to interact with media content that
is being presented on a digital screen that is installed in the train carriage, as shown
previously in Figure 2.1, the passenger would scan a QR code that is embedded into
media content by the player that is delivering the media content to that digital
screen.
4) The QR code would include a URL that leads the passenger's device (phone) to the
SaaS platform where the interaction footprint, including the media content and
screen location, is recorded for further analysis. The passenger’s device will then be
promptly redirected to the final call-to-action URL as originally configured in the
SaaS platform. This URL may return any online resource, such as a website, a
traditional smartphone application or an AR Application that was developed as part
of the Service.
5) The advertiser will then receive the location footprint information at the same time
when the passenger’s device was redirected from the SaaS URL into the final callto-action URL enabling them to tailor the experience to the location of the
passenger.
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6) The SaaS solution will also track the location of the passenger ensuring AR content
is only served when it is safe to do so (for example AR content may be served when
a train is moving between stations but not when it is approaching the next stop).

Figure 2.5: Operational flow of Advertising Framework.
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Output
The interaction footprint forms an event that delivers added value to the advertiser who
would pay a fee for every interaction (i.e. click) with their media content (ad). This new
function forms a new business model that is enabled by the 5G deployment. It will provide
additional revenue to the media space owner (transit network) that will contribute to the
archiving return of investment for 5G deployment. Figure 2.6 shows various aspects of the
user experience, and illustrates the platform analytics dashboard.

Figure 2.6: Illustrating the user experience and the platform analytics dashboard.

Augmented reality Application
As the capability of mobile devices has matured, so has the use of mobile-based Augmented
Reality. The first Galaxy smartphone (2010) had a 1GHz processor, 512MB of RAM, and 8GB
of storage; the latest S21 comes with eight 3GHz processors, 8GB of RAM, and 512GB of
storage. The advancement of raw computing power, on both phone and tablet devices, has
enabled brands and agencies to step up their use of AR for media and marketing campaigns.
This has resulted in the creation of a wide range of novel experiences that engage target
audiences and develop positive brand associations.
With the promise of a wave of more immersive, next-generation Mixed Reality devices
coming to market in the next few years, there exists a challenge to better understand the
medium. The term mixed reality stems from the devices’ ability to ‘see’ and map their
surrounding environment. Using a range of high-resolution RGB and RGBD (depth) camera
sensors, the devices are able to process that data and create a computer-generated map of
the world they see. By working with strategic advertising partners both internal and
external to the project, applications representing existing desktop and large-scale type
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campaigns were built, demonstrating the added value brought by combining such an
experience with a 5G network in an underground carriage setting.
In connection with this, Sublime conducted a hardware study across a range of Augmented
Reality formats. The outputs are summarized in Table 2.1.
Considering the baseline requirements of the project in regard to delivering a ‘true’
augmented reality experience for the project, only spatially capable devices were targeted
for use. As such Sublime tested the ‘Hololens 2’ and ‘Magic Leap One’ as the most
viable/suitable consumer-ready devices currently available. (See Figure 2.7.)
The team tested both devices across a range of scenarios, including the underground but
found them to be not fit for purpose due to the conflict between the internal gyroscope in
the devices and the moving carriage. In short, the tracking algorithms are not able to
consistently fix onto a single point of reference due to the movement of the carriage causing
an experience that either flickers on and off or drifts. As such, running even a basic mixed
reality experience was unstable to the point that it was an unviable user experience.

Figure 2.7: Testing of Hololens 2 & Magic Leap.
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Monucular
Company
Realwear
Optinvent
Google
Solos
Garmin
Vuzix
Vuzix
North
Sony

Product
HMT1Z1
Ora-2
Glass 2
Smart Glasses
Varia Vision
Blade
M-Series
Focals
SmartEyeGlass

Huawei

Gentle Monster
Glasses
Spectacles 3

Price
$2500
$699
$1195
$499
£350
£798
£2,490
Discon.
Discon.

Link
https://www.realwear.com/
http://www.optinvent.com/our_products/ora-2/
https://www.google.com/glass/start/
https://solos-wearables.com/
https://buy.garmin.com/en-GB/GB/p/530536/pn/010-01952-10
https://www.vuzix.com/products/blade-smart-glasses
https://www.vuzix.com/Products/M400-Early-Adopters-Program
https://www.bynorth.com/focals
https://developer.sony.com/develop/smarteyeglass-sed-e1/

Rumoured / Upcoming
Snapchat

https://www.theverge.com/2019/3/26/18282300/huawei-smart-glassesgentle-monster
https://venturebeat.com/2019/08/13/snap-debuts-dual-camera-spectacles-3glasses-to-create-3d-ar-content/
https://www.normglasses.com/a100-002-i3/

Human
Capable Inc.
Kopin
North
Sony

Norm

Company
Everysight
Epson

Product
Raptor
BT-2200

Price
£629
£1,780

Epson

BT-350

£804

DreamWorld
MiraLabs

DreamGlass
Mira

$800
TBC

Link
https://everysight.com/
https://www.epson.co.uk/products/see-through-mobile-viewer/moverio-probt-2200
https://www.epson.co.uk/products/see-through-mobile-viewer/moverio-bt350
https://www.dreamworldvision.com/
https://www.mirareality.com/

Jorjin

J7EF

TBC

https://www.jorjin.com/products/ar-smart-glasses/j-reality/j7ef/

Company
Microsoft
Magic Leap
Varjo
Daqri
Third Eye
NREAL

Product
Hololens 2
One
XR-1
SmartGlasses
X2
NREAL One

Price
$3500
$2995
$9995
Discon.
$1950
$1199

Link
https://www.microsoft.com/en-us/hololens
https://www.magicleap.com/
https://varjo.com/xr-1/
https://daqri.com/products/smart-glasses/
https://thirdeyegen.com/product/x2-smart-glasses
https://www.nreal.ai/

Apple

T288

Magic Leap

Two

Meta Vision
Facebook

Meta One
Orion

Solos
Focals 2.0
SED-100A

https://solos-wearables.com/

Binocular

Rumoured / Upcoming

Spatial

Rumoured / Upcoming

Table 2.1:

https://appleinsider.com/articles/19/09/02/hints-of-augmented-reality-gartaglasses-found-in-apples-ios-13-code
https://variety.com/2018/gaming/news/rony-abovitz-interview-magic-leapone-magic-leap-two-1202899341/
https://www.metavision.com/
https://www.cnbc.com/2019/09/17/facebook-enlists-ray-ban-maker-luxotticato-make-orion-ar-glasses.html

Summary of hardware study carried out by Sublime.

In order to achieve a satisfactory experience, a decision was made to create, in the first
instance, a smartphone mobile-based AR experience. Based on conversations with
Ampletime, two concepts around a sports goods brand and an automotive brand were
drafted; these are illustrated in Figure 2.8.
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Figure 2.8: Two smartphone-based AR concepts: (a) sports goods; (b) automotive.
In order to solve one of the stability challenges around having a fixed point of reference (as
discussed in above paragraph relating to the issues around carriage movement and drift),
the best solution revolved around flipping the cameras, using the user themselves as the
frame of reference rather than the carriage environment. Body tracking uses machine
learning to accurately track different parts of the body to locate the AR experience, thereby
removing the unstable variable of the carriage and the moving environment. As such, a
decision was made that a sports goods concept proposal, focusing predominantly on an onbody sportswear try-on application, was the most viable solution.
Presented with an opportunity to develop a cutting-edge machine learning solution, the
decision was made to focus on footwear and in particular trainer try-on, as this was the
most relevant use of technology in relation to creating an application that was able to
perform under the trial conditions.
The foot tracking/trainer fit application is built on two key technologies: ARCore &
MediaPipe. ARCore is Google’s platform for building augmented reality experiences. Using
different APIs, ARCore enables your phone to sense its environment, understand the world
and interact with information. Some of the APIs are available across Android and iOS to
enable shared AR experiences.
ARCore uses three key capabilities to integrate virtual content with the real world as seen
through your phone's camera:


Motion tracking allows the phone to understand and track its position relative to
the world.
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Environmental understanding allows the phone to detect the size and location of all
type of surfaces: horizontal, vertical, and angled surfaces like the ground, a coffee
table, or walls.



Light estimation allows the phone to estimate the environment's current lighting
conditions.

Fundamentally, ARCore is doing two things: tracking the position of the mobile device as it
moves and building its own understanding of the real world. ARCore's motion tracking
technology uses the phone's camera to identify interesting points, called features, and
tracks how those points move over time. With a combination of the movement of these
points and readings from the phone's inertial sensors, ARCore determines both the position
and orientation of the phone as it moves through space.
MediaPipe, illustrated in Figure 2.9 enables users with machine learning solutions and
applications for mobile, desktop/cloud, web and IoT devices. Within MediaPipe there are a
number of machine learning frameworks that can be assessed, enabling users to create a
wide variety of detection-based applications. A number of these are available for use;
however, for the purposes of testing on this project, we used the base object detection
(Objection) for the trainer identification. MediaPipe Objection is a mobile real-time 3D
object detection solution for everyday objects. It detects objects in 2D images and
estimates their poses and sizes through a machine learning model, trained on a 3D dataset.

Figure 2.9: Illustrating object detection via MediaPipe.
Object detection is an extensively studied computer vision problem, but most of the
research has focused on 2D object prediction. While 2D prediction only provides 2D
bounding boxes, by extending prediction to 3D, you can capture an object’s size, position,
and orientation in the world. 3D object detection is historically a challenging problem.
Whilst we have seen a huge increase in the availability of object data (the appearance and
shape of objects within a category, e.g. Trainers) enabling us to sufficiently train a system,
we have lacked the computational capacity to harness and utilise this on a meaningful
platform. With the arrival of ARCore (Google) and ARKit (Apple), hundreds of millions of
smartphone users now have devices which have not only an array of RGB sensors but also
chipsets capable of processing the complex computational calculations on the fly. The
devices also come with a range of additional AR capabilities and the ability to capture
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additional information during an AR session, including the camera pose, sparse 3D point
clouds, estimated lighting, and planar surfaces that enable the vision technology to be used
in a meaningful application.
The concept application, illustrated in Figure 2.10, uses a single-stage model (using only the
image from the RGB sensor) to predict the pose and physical size of an object from a single
RGB image coming from the mobile phone. At which point we use a multi-task learning
approach (using a database of reference imagery (in the case of the prototype, many
pictures of trainers), to jointly predict an object’s shape with detection and regression. To
obtain the final 3D coordinates for the bounding box, we incorporate a pose estimation
algorithm that provides a frame on which the augmented model can be positioned.

Figure 2.10: Concept application based on virtual try-on of trainers.
AR Concept App.
The final application, illustrated in Figure 2.11, was paired with a set of Jorjin AR glasses
which fall into the Binocular AR category but rely on the mobile handset to power the
experience device – much like a screen share. Although demonstrative of what could be
enabled in a 5G always-on infrastructure, the limits of the 5G implementation and setting
meant that a live persistent link to edge/cloud compute wasn’t possible, so the application
(QR registration aside) was designed to run purely on the handset. In order to present an
application that better tested the 5G infrastructure it was decided that a complementary
multiuser mobile app experience would be developed; this had a far greater reliance on the
internet connectivity as part of the 5G network.
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Figure 2.11: Final AR Samsung/Jorjin Application.
To extend the theme of virtual try-on, Sublime developed a virtual shop accessible by
multiple participants in a multi-player game type scenario. The experience enables users to
participate in a virtual try-on, in a single environment which is streamed to other users who
access the virtual space simultaneously.
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Content
Figure 2.12 and Figure 2.13 illustrate the content that was created for the final applications.

Figure 2.12: Final AR Samsung/Jorjin Application.
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Figure 2.13: Final VR Edify Application.
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Functionality
The AR application enables AR glasses-wearing passengers to interact with virtual objects
that are overlaid on top of real-world objects. This solution provides an opportunity to, for
example, virtually try and purchase new sports shoes while travelling between stations on
the underground metro train.
Configuration and Operation Flow of Software
The AR Application consists of a native Android application that runs on a smartphone while
utilising AR glasses as a personal content consumption interface.
The Application that has been trialled as part of the Service consists of a demonstrator that
is enabling virtually fitting a sports shoe. In the commercial setting, such an application
might be developed by either an advertiser (brand) or platform provider (media operator)
that may enable a variety of products from different brands to be placed within a single
application object.
Output
The demonstrator AR application enables measurement of technical viability and
passenger’s readiness to interact with AR content in a public transit setting.
Research shows1 that immersive experiences deliver 20% to 80% higher conversion rates
(i.e., more product purchases). A successful trial of the Application therefore provides the
basis for the business case of 5G deployment in the public transit network by demonstrating
that it has the potential to generate more revenues from advertisers who will be willing to
pay more for Ads that deliver higher conversion rates. An example deployment is illustrated
in Figure 2.14.

1 See, for example:

https://poplar.studio/blog/impact-of-augmented-realityinfographic/#:~:text=AR%20ads%20are%20performing%20incredibly,the%20total%20number%20of%20visit
ors.
https://www.adweek.com/performance-marketing/brands-are-finally-embracing-augmented-reality-butwith-speed-bumps-along-the-way/
https://www.retailcustomerexperience.com/articles/why-retailers-should-embrace-augmented-reality-inthe-wake-of-covid-19/

Page 15

5G RailNext: Public Report

Figure 2.14: Example deployment diagram (for SPT in Glasgow Subway).
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3 Subway Communication System
This section describes the 5G test network that was designed and deployed in the UK,
providing track-to-train connectivity between two stations in the Glasgow Subway.

System Overview
The Glasgow Subway is operated by Strathclyde Partnership for Transport (SPT) and is the
third-oldest underground metro system in the world. The subway is approximately circular
with a length of approximately 10.5 km, and it consists of 15 stations located on both sides
of the River Clyde.

Figure 3.1: Map of the SPT Glasgow Subway.
There are two individual tracks in the subway system, known as the inner and outer circles,
as illustrated in Figure 3.1. Trains travel on both circles simultaneously with the trains
running clockwise on the outer circle and anti-clockwise on the inner circle.
The subway network can be considered a version of the Mobile Hotspot Network (MHN).
This is represented by Figure 3.2, which shows a private 5G cellular network connecting
platform infrastructure to a train, which offloads to an on-carriage Wi-Fi network.
Tunnels on both the inner and outer lines are 3.4m in diameter and the track gauge (the
distance between the inner edges of the rails) is only 4 feet, which is considered unusually
small. The clearance between the carriages and the tunnel walls varies at different stages
of the track but is approximately 10cm maximum. This is extremely narrow and it is
therefore not possible to deploy sizeable equipment inside the tunnels. However, there are
areas of the platforms near the entrances to the tunnels at various stations where there is
sufficient space to deploy RRHs and antennas.
In a typical deployment, a train set will consist of three individual carriages, and two train
sets are often coupled together to form six-carriage trains. Carriages are not coupled
permanently, however, and it is common for individual carriages to be replaced at various
times throughout a normal service. Therefore, we were not able to assume that a given
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carriage would always be in use, nor that it would always form part of the same train with
other carriages. This meant that anything being deployed by us on a carriage had to be
portable and easily removable.

Figure 3.2: Illustrating the subway communication system deployed in Glasgow.

System Architecture and Design
The 5G mobile cellular implementation consisted of three main components: the core network,
which was built using a 5G Packet Core (5GPC); the Radio Access Network (RAN), which was based
on next-generation NodeB (gNB) technology; and the User Equipment (UE) installed on the train.

A network deployment made up entirely of 5G systems (i.e. a gNB RAN served solely by a
5GPC) is referred to as a ‘Standalone (SA) mode’ network. Under this arrangement,
illustrated in Figure 3.3, both user data and control data from a gNB (5G) are handled
entirely by a 5GPC, while any eNB (4G) data would be handled by a connected evolved
Packet Core (ePC).

Figure 3.3: A Standalone (SA) network implementation.
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Spectrum Considerations
The 5G infrastructure, which enables platform-to-train connectivity, operates in the 3.5 GHz
spectrum band, illustrated in Figure 3.4. As this is a commercially occupied frequency band,
the network is deployed under the terms of an Innovation and Trial spectrum licence from
Ofcom.

Figure 3.4: Representation of 3.5 GHz spectrum allocation in the UK.
The 5G New Radio (5GNR) carrier signal’s centre frequency is set to 3.52 GHz, and under
the licence terms, it has a maximum carrier bandwidth of 40 MHz. As the link is based on
Time Division Duplexing (TDD), both the uplink and downlink channels occupy the same
portion of the spectrum. Therefore, the maximum total occupancy of the mobile network
could be between 3.50 GHz and 3.54 GHz. To accommodate some limitations imposed by
the available hardware versions, the carrier operates over a 20 MHz bandwidth, occupying
3.51-3.53 GHz.
It is worth noting that the 3.5 GHz band (3.4 – 3.8 GHz) is essentially a 5G band licensed to
Mobile Network Operators (MNOs) for the provision of 5G consumer mobile services.
However, the spectrum sharing framework that was announced by Ofcom in July 20191
allows for Local Access Licences (LALs) to be applied for in locations where the incumbent
MNO is not using the spectrum. In underground railway environments, this could
potentially be a viable mechanism for obtaining access to spectrum, as it is very unlikely
that transmissions in the tunnels would interfere with MNO services above-ground.
Furthermore, however, Ofcom’s spectrum sharing framework also allows for so-called
Shared Access Licences (SALs) to be applied for in the 3.8 – 4.2 GHz range. This band is
dedicated to shared access use and it is not shared with MNOs, and although the rules are
different from those which apply to LALs, the use of SALs in the 3.8 – 4.2 GHz range could
potentially be viable, too.
Trackside RAN Infrastructure
The trackside RAN infrastructure follows a disaggregated architecture, where the baseband
radio and RF front end functions are physically separated. This involved implementation of
two units: a Baseband Unit (BBU), used to process the gNB operating stack and handle
network operations; and a Software Defined Radio (SDR) based Remote Radio Head (RRH),
which generates the desired carrier signals and contains the appropriate power amplifiers
for the operating band.

1 Enabling Wireless Innovation Through Local Licensing, Ofcom, 25th July 2019, Available on-line:

https://www.ofcom.org.uk/__data/assets/pdf_file/0033/157884/enabling-wireless-innovation-throughlocal-licensing.pdf
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The connection between the BBU and RRH, sometimes referred to as ‘fronthaul’, takes place
over a short optical fibre link using the Common Public Radio Interface (CPRI) standard, for
data rates of 1 Gbit/s.
This arrangement creates what is known as a distributed base station architecture, as
opposed to traditional architectures with co-located functionality within a single
transceiver unit. The distributed approach, shown in Figure 3.5, allows for greater flexibility
in the network design and deployment, as the distance between RRH and BBU is limited
only by the available fibre.

Figure 3.5: High level diagram showing platform infrastructure layout.
Software for both the gNB and the 5GPC is implemented on a single BBU (see Figure 3.6)
placed inside the platform equipment room at the end of Buchannan Street station. Both
network elements use the 3GPP Release 15 compliant Amarisoft software stacks.
The software stack from Amarisoft provides the RAN functionality and generates the MAC
and PHY layer signals. This enables both eNB and gNB operations according to 3GPP
Release 15. Using this stack on the BBU, the RRH emits a standards-compliant signal with
parameters dictated by supplied configuration files.
A single gNB is used to provide mobile coverage to the platform and along the tunnel
between Buchanan St. and St. Enoch’s stations. As the connection from the RRH to the
antenna uses RF cabling, a long link in this portion would introduce loss and delay in the
system. Using a distributed architecture, the RRH can be installed close to the antenna,
reducing the amount of RF cabling and hence losses. Maximising the low-loss fibre
connection to the BBU increases overall performance and energy efficiency by making it
easier to maintain optimal distancing between signal source and antenna.
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(a)

(b)

Figure 3.6: (a) DS-1001 ruggedized computer used as BBU; (b) in-situ within the
equipment room at Buchanan Street Subway station.
As indicated in Figure 3.5, the gNB RRH is connected to the BBU in the platform equipment
room via optical fibre. The deployed RRH is an AW2S B42 2x2 MIMO Blackhawk, shown in
Figure 3.7; it is designed for large outdoor deployments similar to those of commercial
mobile network operators (MNOs). This is reflected by the large achievable transmit power,
of up to 20W1, with support for three simultaneous independent carrier signals with a
combined bandwidth spread of up to 40 MHz. Each carrier can have up to 20 MHz
bandwidth.

(a)

(b)

Figure 3.7: (a) AW2S B42 2x2 MIMO Blackhawk RRH; (b) in-situ above ceiling tiles in
Buchanan Street Subway station.
The two antenna ports of the RRH are connected to an Alpha Wireless AW3014 panel
antenna, shown in Figure 3.8. The antenna has a gain of 18 dBi and a beam width of 65°,
and is dual linearly polarised to facilitate 2x2 MIMO operation.

1 Note: For this deployment in the Glasgow Subway, the transmit power was set to only 0.6 W (28 dBm).
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Figure 3.8: Alpha Wireless AW3014 panel antenna, also shown installed above the
passenger information sign at Buchanan Street Subway Station.
On-Train UE Set-Up
The layout of the network components deployed inside the train carriage is shown in Figure
3.9.

Figure 3.9: High-level diagram showing on-carriage layout.
All of the on-board network components are highly portable and can be rapidly deployed
on arbitrary days. There are no components that require prior installation on the train.
Network components are contained inside a portable Peli Case (see Figure 3.10) which is
carried onto the train before the beginning of the trial. Holes in the case provide cable
routes for the modem antenna cables and cooling.
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Figure 3.10: Peli Case.
The Intel NUC (see Figure 3.11) is a small form factor computer that is used as a gateway
for routing IP traffic between the 5G SA mobile network and the Wi-Fi network. The NUC
also hosts the Cisco Wi-Fi controller and a server for the Sublime AR/MR content.

Figure 3.11: Intel NUC.
The 5G modem is connected to the NUC via USB 3.0 while the Wi-Fi AP is connected via
Ethernet. The 5G modem is the SIMCOM SIM8200EA-M2, which is attached to an M.2-toUSB 3.0 daughterboard and directly connected to the NUC via a USB port. This is shown in
Figure 3.12.

Figure 3.12: SIMCOM SIM8200EA-M2 on a USB 3.0 daughterboard.
The modem is connected to an external antenna which is mounted inside the unoccupied
driver’s cabin in a non-intrusive manner during periods of network operation. The Alpha
Wireless AW3374 dual linearly polarised omni-directional antenna is shown in Figure 3.13.
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Figure 3.13: AW3374 omni-directional antenna, also shown installed temporarily in
rear driver’s cab of test train.
The Wi-Fi AP is located inside the Peli Case and is powered via PoE while attached to the
NUC. Unlike the antenna implemented for the 5G modem, the AP antenna is internal to the
Peli Case and does not require mounting inside the driver’s cabin.
In addition to the network equipment, a small screen was mounted in the carriage, as
shown in Figure 3.14. This was used as part of delivering the advertising application.

Figure 3.14: Display screen mounted in carriage.

System Operation
The connection requirements for the operation of the advertising application are shown in
Figure 3.15.

Figure 3.15: Communication flow during system operation.
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On system start-up, the NUC begins the 3GPP-defined connection and authentication
process, through the modem to the 5G infrastructure and the 5GPC hosted on the BBU. This
enables connectivity through the SPT internal network to the wider Internet once the
standard SIM verification procedures have been carried out.
Connection to AmpleTime services is triggered initially by a QR code URL, which is displayed
on the screen and scanned by the user. The response from the AWS server is a data packet
to indicate to the on-device advertising application which stored content should be
displayed based on exactly what was scanned.
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4 Technical Performance Measurements
Technical performance measurements were carried out on the respective networks in both
Korea and the UK. Results from the UK trials are presented in this section; information on
the Korean measurements can be found in Section 7.
Figure 4.1 shows the spectrum occupied by the 5G network in the Glasgow Subway, as
measured during a live network test conducted in the subway. As can be seen, the network
used a carrier bandwidth of 20 MHz for the network test. The same frequency band and
carrier bandwidth were used for the user trials. Furthermore, however, 2x2 MIMO spatial
multiplexing was used on the downlink for the user trials, in order to increase the
achievable throughput over the 5G link.

Figure 4.1: Spectrum analyser plot showing gNB operation.
Due to the RF filters of the RRH, there is minimal out-of-band spectral leakage. This means
that the installed network is extremely unlikely to interfere with any other networks
operating in the same frequency band, or even with adjacent non-overlapping carriers.
It was found during testing of the deployed network that a transmit power of 28dBm (0.6W)
was enough to secure a good Reference Signal Received Power (RSRP) at all points along
the tunnel between Buchanan St. station and St. Enoch station. Table 4.1 shows the RSRP
measurements at different distances along the tunnel.
It can be seen from Table 4.1 that even at 515m, i.e., at the St. Enoch station’s platform, the
RSRP was -90dBm, which is a fairly good signal strength, sufficient to secure a good data
connection. Therefore, a transmit power of 28dBm at the gNB provided adequate 5G
coverage to a train travelling between Buchanan St. and St. Enoch stations. This transmit
power was used during the trial.
Apart from recording RSRP measurements at various stages throughout the tunnel, a series
of latency and throughput measurements was also conducted for the different stages of the
overall network solution.
As described previously, the 5G network is deployed in NR band n78 (3.3GHz-3.8GHz) with
a bandwidth of 20MHz. The link employs Time Division Duplexing (TDD) for separation of
uplink and downlink channels.
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Table 4.1:

Distance (m)

RSRP (dBm)

15
45
70

-52
-62
-68

85

-69

115

-67

165

-70

215

-79

265

-81

315

-80

365

-80

415

-82

465

-89

515

-90

Received Signal Strength measurements and their corresponding
distances along the tunnel (with 28 dBm Tx power).

The DL-UL transmission periodicity is 5ms and the sub-carrier spacing is 30kHz, meaning
that there are 10 slots in the 5ms period. There are 7 DL slots, 2 UL slots and 1 flexible slot
which is configured with 6 DL symbols, 4 UL symbols and 4 flexible symbols (used as a guard
interval for switching between DL and UL). Also, 2x2 closed loop spatial multiplexing is
employed on the DL with a maximum of 256-QAM. The UL is SISO and uses a maximum of
64-QAM modulation.
The DL and UL throughputs achieved for a SIM8200-EA modem connected to the 5G SA
network are shown in Table 4.2. Data rates of around 80-90 Mbit·s-1 were achieved, using a
a radio bandwidth of 20 MHz, which corresponds to approximately 4 to 4.5 bit·s-1·Hz-1. As
5G technology develops and matures in the near future, it is expected that radio equipment
supporting bandwidths of up to 100 MHz within the mid-range frequency band will become
available, and the data rates achievable in that band will increase accordingly.
Test 1

Test 2

BBU to SIM8200-EA (DL) 95.4 Mbps 95.2 Mbps

Test 3
86 Mbps

Test 4

Test 5

90.3 Mbps 84.6 Mbps

BBU to Sim8200-EA (UL) 15.7 Mbps 16.1 Mbps 16.3 Mbps 16.4 Mbps 16.3 Mbps

Table 4.2:

Throughput Measurements for 5G SA mobile link.

Table 4.3 shows throughput measurements between and a handset and the internet over
the Wi-Fi and 5G mobile networks.

Page 27

5G RailNext: Public Report
Internet to User Device
(DL)

78.6 Mbps 75.8 Mbps 80.6 Mbps 80.1 Mbps 80.1 Mbps

Internet to User Device
(UL)

12.6 Mbps 13.3 Mbps 12.5 Mbps 12.5 Mbps 8.41 Mbps

Table 4.3:

Throughput Measurements from internet to end-user device.

Table 4.4 shows latency measurements obtained by performing ping tests between
different devices connected to the end-to-end network. The first row shows the latency
when pinging between a user device connected to the Wi-Fi access point. As can be seen,
all measurements show latency of less than 5ms. The second row shows the latency
between a user device and the NUC. Again, sub-5ms latency was achieved in all such cases.
These results show that very low latency communication could be achieved between a
handset and a content server located on the NUC. The final row shows latency between a
handset connected to the Wi-Fi network and the gNB BBU, recorded in the laboratory.
These values are typically a few tens of milliseconds, and although some further
optimizations will almost certainly be possible, this nevertheless emphasizes and reinforces
the need for edge computing facilities for certain applications which require low latency.
Latency

Test 1

Test 2

Test 3

Test 4

Test 5

Wi-Fi to User Device

3.95 ms

3.84 ms

3.35 ms

3.36 ms

4.02 ms

NUC to User Device

4.01 ms

3.82 ms

3.98 ms

3.76 ms

4.19 ms

BBU to User Device

50.7 ms

48.7 ms

36.2 ms

44.1 ms

32.6 ms

Table 4.4:

Latency Measurements.
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5 Demonstration & User Trials
A key aim of 5G RailNext was to explore and understand the potential for delivery of
advertising content using AR/mobile applications enabled by 5G connectivity. To this end,
user trials were conducted on a live train during normal passenger service hours on Tuesday
23rd March 2021, as shown in Figure 5.1. The trials involved participants consuming the
AR/mobile content and providing feedback on their experiences through a series of survey
questions. Ideally, the trials would have run over a sustained period with actual subway
passengers as trialists. However, as a result of UK COVID-19 restrictions that were in place
at the time, this was not possible; instead, the trials comprised a series of shorter,
supervised trial sessions with a small group of trialists who were known to the project
consortium.

Figure 5.1: Trialists engaged in user trials a in live train testing session.
The trials were conducted with both mobile handsets and headsets/smart glasses, with the 5G
SA network deployed at Buchanan St. station providing connectivity from platform to/from train.
The handsets were Samsung Galaxy S20s and the headsets were Jorjin J7EF devices, as shown in

Figure 5.2.
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(a)

(b)

Figure 5.2: Handsets and Headsets used in trial.
The AR-based application used in the user trials is shown in Figure 5.3. Trialists were asked
to engage with an AR-based application and then answer a set of survey questions aimed
at eliciting insight and understanding of the marketplace and user attitudes and
preferences.

Figure 5.3: AR-based application used in user trials.
The trialist survey responses are broadly in line with expectations. Most of the respondents
reported that they would be likely to interact with the adverts and would prefer interactive
content or a combination of both interactive and static content. Some respondents
indicated that they would be unlikely to make a purchase there and then, although this may
depend more on the products themselves than the method of advertising. Most
respondents said, however, that they would welcome the ability to research products while
travelling on the trains, and the ability to ‘try’ products using AR technology was deemed
useful by a number of respondents.
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Most respondents preferred to use a mobile handset rather than the AR headset. It’s not
clear why this might be the case, but it could be because headsets are not yet established
as a mainstream platform and people are, in general, not used to using them yet. It could
also be because headset technology is not yet sufficiently mature to enable a ‘good enough’
user experience. (Certainly, the AR headset technology is still slightly on the ‘bulky’ side at
present, and this may have had a bearing on trialists’ preferences.)
Although the user trials were limited due to Covid-19 restrictions, they nevertheless
successfully demonstrated the 5G-connected Infotainment concept in an underground rail
environment. The survey responses have been useful in providing insight into how general
passengers might engage and interact with AR-based digital advertising and marketing
platforms, and they will help to inform future work in this area.
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6 AR/MR Marketing – Brand Readiness Survey
At the time of commencement of the 5GRailNext project the plan was to partner with a number of
retail brands in order to deploy and measure the impact of Augmented and/or Mixed Reality
(AR/MR) advertising in public transport environment. The Brands would provide direction and KPIs
while project partners would develop the technology, execute a public pilot and measure the KPIs,
including ones defined by the brands. The final result would provide the foundation for a feasibility
study on how ROI of 5G deployment in public transport environments can be achieved via
enablement of AR/MR advertising.

A key element of the above was the ability to execute a public pilot – i.e. deployment of 5G
and AR/MR content that would be made available to general public. Owing to the COVID19
restrictions, the public pilot was not possible on health and safety grounds
As soon as it became clear that a public demonstration/trial would not be possible, we
moved to develop an alternative plan that would enable achieving the goal of measuring
the value of contribution that AR/MR advertising can deliver in 5G deployments.
This revised plan included a non-public demonstration/trial where a technology solution
comprised of 5G network, AR/MR advertising delivery framework and sample AR/MR
content would be deployed and made available to a limited group of trialists, with results
being assessed by representatives of brands. The representatives would then complete a
survey that would capture their readiness to invest in AR/MR advertising.
Immediately after commencement of the demonstration in Glasgow, the participant survey
was completed, and the results fed into the brand survey.

Survey Responses
The survey responses are set out in Table 5 below.

Question

Brand 1

Brand 2

Brand 3

Brand 4

Brand 5

Brand 6

Brand 7

Technology
If your brand
required to
ever deployed
develop the
AR/MR
Consumer
content,
content, what readiness to
Consumer
were the
interact with
readiness
biggest
the content
to interact
obstacles it has
with the
to overcome?
content

Technology
required to
deliver the
content,
Cost of
Technology Cost of
development required to development
and/or
deliver the and/or
delivery
content
delivery,
Consumer
readiness to
interact with
the content

Consumer
readiness
to interact
with the
content

Consumer
readiness to
interact with
the content

Have you or
your brand
previously
explored
Augmented
and/or Mixed
Reality
(AR/MR)
advertising?

Yes

Yes

Yes

Yes

Yes

Yes

No
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Question

Brand 1

Brand 2

Brand 3

Brand 4

Brand 5

Brand 6

Brand 7

Has your brand
ever been
approached or
Unable to
considered
provide
AR/MR
information
advertising at
third-party
venues?

Approached

Neither of
the two

Approached

Neither of
the two

Considered

Neither of
the two

Has your brand
ever been
approached for
Unable to
or considered
provide
AR/MR
information
advertising in a
public transport
setting?

Neither of
the two

Neither of
the two

Approached

Neither of
the two

Neither of
the two

Neither of
the two

How does your
brand perceive High
the PR impact positive
of AR/MR
impact
advertising?

High
positive
impact

Neutral

High
positive
impact

High
High positive
positive
impact
impact

If your brand
previously
deployed
AR/MR
advertising,
has it
Lower
generated
higher
conversion
rates compared
to other
channels?

Higher

Unable to
provide
information

Unable to
Unable to
provide
provide
information information

Unable to Unable to
provide
provide
information information

If your brand
previously
deployed
AR/MR
advertising,
have
consumers
provided
feedback on
the level of
satisfaction
with the
experience? If
so, what was
the majority of
feedback?

Unable to
Positive
provide
experience
information

Neutral
Positive
experience experience

Unable to
Neutral
provide
experience
information

Positive
experience

High
positive
impact
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Question

Brand 2

Brand 3

Brand 4

Brand 5

Brand 6

Brand 7

If your brand
previously
deployed
AR/MR
advertising,
have you
received
consumer
No data
feedback that
would include
nausea, lightheadedness or
any other
negative
symptoms?

No

Unable to
provide
information

No

No

No data

Unable to
provide
information

If approached
with an
opportunity to
place AR/MR
advertising in
public transport
environment,
what would be
your response?

would take it
to other
stakeholders
for review

would
request
cost
proposal

too early

we would
consider it

we might
we would
currently
look into this
consider the
off strategy channel in a
opportunity
year or so

If you would be
looking to
develop
content for
AR/MR
advertising,
what would be
the likely
partner?

Creative
agency my
business
engaged
before

Creative
agency my
business
engaged
before

Creative
we would
agency my
we won't be
look for a
business
looking
new agency engaged
before

out of
current
scope

would
employ new
creative
agency

What is the
main sales
channel for
your brand?

both

Brick &
Mortar

Brick &
Mortar

Online

Both

Online

Online

Type of
products your
brands sells?

Fashion

FMCG

Luxury

Fashion

Automotive

Fashion

FMCG

Marketing
Director

Integrated
Brand
Marketing
Director

Marketing
Manager,
HQ

Retail
Marketing
Director

Planning
Manager,
Category
owner
(Marketing)

Brand
Marketing
Director

Retail Brand
Manager

What is your
position?

Brand 1

Table 5:

Brand Readiness survey responses.
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Key Results In Graphical Representation
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Summary of Survey Responses
The results of the survey suggest that most of the brands have already explored the
opportunities that AR/MR creates for consumer engagement.
Whilst present levels of adoption of AR/MR in the consumer space may not yet be sufficient
to make deployment of out-of-home AR/MR advertising appealing beyond PR scope, the
brands expect adoption to increase in the foreseeable feature (this usually means 2-4
seasonal cycles, i.e. 1-2 years), making the AR/MR advertising space a segment where
growth is to be expected within 5G deployment timelines.
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7 Collaboration with South Korean Partners
The collaborating team in South Korea was led by ETRI1 and involved a number of partners,
as shown in Figure 7.1. This team had previously designed and implemented a test network
on the Seoul Metro, and both systems (in Glasgow and in Seoul) were used within 5G
RailNext as a platform for testing and demonstrating the AR/mobile applications.

Figure 7.1: Collaborating partners in South Korea.
The track-to-train connectivity system developed by the South Korean partners is
essentially a Mobile Hotspot Network (MHN) based on a fifth-generation mobile
technology that delivers up to 2 Gbps of high-capacity wireless traffic in high-speed
transportation environments up to 500 km/h, utilizing a wide frequency bandwidth
(600 MHz) in millimetre-wave (mmWave) frequency spectrum at around 24 GHz.
The system architecture is illustrated in Figure 7.2, and the testbed implemented on the
Seoul Metro is illustrated in Figure 7.3.

Figure 7.2: System architecture of South Korean connectivity system.

1 Electronics and Telecommunications Research Institute (headquartered in Daejeon, South Korea).
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mDRU
mDRU mDRU mDRU mDRU

mDRU

250m

Figure 7.3: Seoul Metro testbed.
A key element of the collaboration between the UK partners and the South Korean partners
involved the integration of the AR-based advertisement service developed in the UK with
the MHN developed in South Korea, along with a demonstration of the two systems working
together. The demonstration, shown in Figure 7.4, was carried out on the subway platform,
and involved the AR-based service developed in the UK being connected to the public
internet using the wireless backhaul link provided by the MHN system developed in South
Korea.
The advertisement service developed in the UK provides two kinds of content: AR-based
content that provides users with a realistic experience about a product, and video content
that provides detailed information about the product. The service demonstration
successfully showed that AR-based immersive services can be provided through the
wireless backhaul of the MHN system.
It was also shown that some VR services can be supported by the wireless backhaul link of
the MHN system with a commercial VR headset (Oculus Quest). The VR service used in the
demonstration required about 20Mbps of data rate, which implies that the MHN system
can provide VR service to 100 simultaneous users.
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Figure 7.4: Demonstration of AR-based advertising system working with MHN in
South Korea.
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8 Summary & Conclusions
5G RailNext has shown that 5G mobile technology is well-suited to providing track-to-train
connectivity for underground railway systems. Such connectivity solutions could be
provided either by a public mobile network operator or by a private 5G network operator.
(In the UK, Ofcom’s spectrum sharing framework facilitates the private 5G network
approach in a way that is not, at present, generally available in all countries.)
Coupled with this, interactive media and AR-based advertising could help to improve
passenger experience, enable new marketing channels, and create new revenue streams
for advertisers, media owners, and operators. The User Trials carried out in the Glasgow
Subway, while restricted in scale as a result of Covid-19 restrictions, nevertheless
demonstrated that having the ability to explore and ‘try’ products could be appealing to
passengers travelling on trains. They may not necessarily complete a purchase there and
then, but they may use the time to research products and form opinions which will
influence their eventual purchasing decisions.
While the AR headset used in the User Trials is relatively lightweight and reasonably stylish,
most trialists nevertheless seemed to prefer viewing the AR applications on a mobile
handset. It’s not entirely clear why this is, but it could be because AR headsets are not yet
established as a mainstream platform and people are generally not used to using them. It
could also be because wearable technology is not yet sufficiently mature to enable a ‘good
enough’ user experience.
The collaboration between the UK and South Korea was a key element of the project, and
although the Covid-19 pandemic prevented the project consortium from holding face-toface meetings and technical workshops, effective collaboration and exchange of
information was nevertheless achieved through the use of on-line tools and
teleconferencing. This resulted in a successful AR/MR demonstration in Seoul, showing that
AR-based immersive services could be provided through the wireless backhaul of the South
Korean partners’ MHN system.
The ‘readiness’ of brands to adopt AR/MR was also explored as part of the project, and the
results suggest that most of the surveyed brands have already explored the opportunities
that AR/MR creates for consumer engagement. Whilst present levels of adoption of AR/MR
in the consumer space may not yet be sufficient to make deployment of out-of-home
AR/MR advertising appealing beyond PR scope, the brands expect adoption to increase in
the foreseeable future. This usually means 2-4 seasonal cycles, (i.e. 1-2 years), making the
AR/MR advertising space a segment where growth is to be expected within 5G deployment
timelines.
Ideally, had the project not had to be carried out in the midst of a Covid pandemic, a public
trial would have been conducted in the Glasgow Subway, involving general passengers
interacting with the advertising content over a sustained period of a up to a few weeks. This
turned out not to be possible, and a non-public trial was carried out instead. The survey
responses have been useful in providing insight into how general passengers might engage
and interact with AR-based digital advertising and marketing platforms. The results are in
broad alignment with expectations, and they will help to inform future work in this area.
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