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Abstract — Traditional outdoor broadcast for live event production can deliver incredible images and
audio, but they are expensive and often struggle to capture the true immersive atmosphere and
essence of being at the event. Lightweight and flexible production using mobile handsets and pop-up
private 5G networks offer the potential to revolutionize how live events are captured.

Introduction

Traditional outdoor broadcasts based on cabled camera systems and potentially point-to-point radio
frequency (RF) links deliver the incredible live productions we have come to expect on linear broadcast
TV and over-the-top (OTT) streaming services. However, they require significant investment to deploy
and are not necessarily best suited to capturing authentic content to convey atmosphere and
experience to a remote viewer. While traditional wireless cameras can take the audience away from
locked-off cabled positions, large camera equipment can be impractical to move through crowds with
and can be off-putting to attendees, who immediately assume they are being filmed for television. The
result often falls short of the mark.

This paper discusses the opportunities provided by pop-up private 5G networks to transform how live
events can be captured using agile, lightweight and unobtrusive camera rigs based on mobile handsets
(smartphones). Real-world experience deploying systems at the International Island Games and Henley
Music Festival is detailed, along with key learnings and feedback from organizers and broadcast
production partners. The use of mobile handsets to deliver video feeds during Paris 2024 is also
highlighted. Not only is the technology a game-changer to augment and improve large-scale event
production, but it also provides a more affordable and flexible solution to produce smaller or regional
events that would otherwise be overlooked due to budget, whether that be on-premise or in the cloud.
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Private 5G for Live Events Coverage

The use of both public and private 5G networks to support contribution and low latency production links
is well documented [1]-[6]. Bonded-cellular technology on public networks is now regularly used as an
alternative to satellite links for low-bitrate on-location newsgathering and contribution links, but for low
latency production links a private network with an edge userplane is typically needed to meet the
transport latency requirements. Ultra-low latency high-bitrate video with sub-100 ms end-to-end latency
can be supported. While this is currently still longer than conventional COFDM wireless camera links,
the latency is very useable for remote camera control [4] and feeds can be used alongside cabled
systems. The added advantages brought by the native IP connectivity make the technology an
attractive option.

Private 5G is a practical way to deliver high bandwidth, low latency wireless connectivity across live
event sites. At its simplest level, it provides robust IP contribution paths for roaming cameras, bonded
devices, and lightweight encoder kits. This makes it well suited to supplementary feeds such as
backstage access, audience reaction, presenter vox pop interviews, and sponsor activations. Because
the network is dedicated and deployed for the event, it offers greater throughput than public cellular,
with controllable quality of service (QoS), customizable prioritization, and security.

A single managed wireless layer can carry pictures, communication, control and data across a complex
site without the footprint of extensive cabling or large radio frequency (RF) deployments. It enables
faster rigging, safer crowd movement, and more agile editorial decisions.

Supplementary feeds lend themselves quite naturally to private 5G acquisition. These are typically
medium-bitrate feeds operating in the mid-latency range 300—1000 ms, between remote contribution
and low latency production feeds. These can be delivered through streaming apps running using off-
the-shelf smartphone devices, and offer an affordable and flexible way to capture new, dynamic and
engaging content. While these feeds cannot necessarily be seamlessly cut with line feeds, they provide
content that the main production cannot.

FIGURE 1: (LEFT) P5G NETWORK TESTING AND (CENTER) FINAL DEPLOYMENT ON THE RIVER SEINE.
(RIGHT) LIVE-TO-AIR CONTENT FROM USA DELEGATION BOAT.

The Paris 2024 Opening Ceremony presented a significant challenge to broadcast production, with the
parade taking place along the River Seine. Moreover, the production wanted to provide a dedicated
feed of each delegation live from the flotilla. For many reasons, this could not be supported by
conventional COFDM camera links, Wi-Fi, bonded-cellular, or using onboard camera operators. The
solution was to deploy a private 5G network using cells mounted to bridges (see Figure 1) and provide
coverage of the recognition zones along the route [7]-[10]. Over 200 high-definition video feeds were
captured using Samsung S24 Ultra smartphones mounted with USB power packs on the boats, and
delivered as 10 Mb/s HEVC SST streams from the Haivision MoJoPro mobile app to multiple on-
location StreamHub servers with end-to-end latency of 800 ms.
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FIGURE 2: (LEFT) PRIVATE 5G CELLS DEPLOYED ON BOATS FOR THE PARIS 2024 SAILING COMPETITIONS.
EXAMPLE CONTENT CAPTURED BY (CENTER) HELMET CAMERA AND (RIGHT) SMARTPHONE MOUNTED ON COMPETITOR BOAT.

For the sailing competitions off the coast of Marseille, video streamed from smartphones connected to
helmet-mounted cameras or mounted onboard the competitor boats [Figure 2 (center) and (right)]
provided incredible new and engaging live coverage, but the competition areas were up to 6 km
offshore and could not be serviced by static onshore infrastructure. To overcome this, a multi-cell
private 5G network was built on three catamaran boats (given the sobriquet gNodeBoats) that moved
with the race to provide mobile cellular coverage [10]-[11]. Figure 2 (left) shows the innovative
steerable cross antenna system to accommodate for the roll, pitch and yaw of the cell and device.

FIGURE 3: SCREENSHOT OF THE P5G FEED MULTIVIEWER DURING THE PARIS 2024 SAILING IN MARSEILLE.

Once again, Samsung smartphones running the Haivision MoJoPro app was used to stream 10 Mb/s
HD video back to StreamHub servers and the production gallery with latency of 800 ms. Figure 3
presents a screenshot of the multiviewer during a race, and Figure 2 (center) and (right) show
examples of the content delivered live-to-air over the private 5G network. Along with the incredible
video footage, Bluetooth microphones on the athletes and connected to the smartphones added a new
depth to the content, transporting the viewer onto the boat to hear the wind whistling over aerofoils and
competitors shouting instructions to each other. The result was far more captivating and immersive than
long-lens shots from chase boats or helicopters, and the incorporation of smartphones as a production
tool transformed the audience experience.

Like any RF environment, private 5G networks require spectrum planning and RF modelling to optimize
the network, particularly in areas with broken line of site or with dense tree foliage. Uplink capacity
should be stress tested under peak load, with prioritization to protect primary feeds. Battery
management for edge devices becomes operationally critical. Most importantly, broadcast workflows
are built around robust hardline broadcast systems; devices that sit on private 5G networks must
consistently prove reliability before it is trusted as part of the core production. It is powerful, but it
demands engineering discipline and realistic deployment design to deliver on its promise.
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Henley Music Festival

The 2025 Henley Music Festival was the perfect test-bed to explore production workflows and use case
stacking as part of the Conquering the Air(waves): Private 5G from Land to Sea to Sky project, under
the IBC Accelerator programme. Henley is nothing like a typical muddy festival; guests arrive in black
tie and evening gowns, wandering between roving acrobats, art galleries and riverside restaurants,
champagne in hand and no wellies (rain boots) in sight.

For music coverage, you still need hard-wired, (almost) zero-latency cameras for the on-stage line cut.
The viewer must feel every guitar solo or final crash of cymbals in real time or the illusion collapses.
Where traditional coverage struggles is to capture the atmosphere beyond the stage. Cabled cameras
are heavy and unwieldy, and they pose a safety risk to both operators and punters as they weave
through the crowd.

FIGURE 4: EXAMPLES OF SMARTPHONE-BASED RIGS CAPTURING LIVE CONTENT ACROSS THE FESTIVAL SITE.

Using a dedicated private 5G network at Henley, lightweight smartphone rigs and gimbals were paired
with roaming operators who slipped unobtrusively into the audience. They reached the far corners of
the lawns, caught couples sharing quiet moments and filmed the twinkling lights of boats on the
Thames — all without intimidating anyone with a giant broadcast lens. Since festival-goers are now used
to smartphones, when the camera came across them, they played up to the camera instead of
shrinking from it, capturing spontaneous, authentic footage that refreshes a well-worn production
rule-book.

Figure 4 shows some of the environments the smartphones were used to deliver live content that would
have been impossible to capture using large broadcast cameras. These supplementary atmosphere
and emotion contributions can be naturally cut into the program, without noticeable synchronisation
issues.

FIGURE 5: (LEFT) ULTRA-LOW LATENCY PRODUCTION CAMERA SET UP.
(CENTER AND RIGHT) SMARTPHONE SUPPLEMENTARY FEEDS AND UNIQUE ANGLES FOR CONTENT CREATION.
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As well as capturing life beyond the stage, the use of smartphones allowed for novel live content.
Figure 5 (left) shows a locked-off stage camera being set up to capture traditional images, but also
(center and right) how a smartphone was attached to the headstock of an electric guitar to deliver a
unique perspective of the fretboard during the performance. In addition, a smartphone camera was
mounted on a boat overlooking the floating stage, providing an angle back towards the festival that
could not have been cabled.

The private 5G network operated two 40 MHz cells in upper n77 (3.8—4.2 GHz), available for shared
access licensing (SAL) in the UK, and the production wiring diagram is illustrated in Figure 6. The all-
wireless production had three main 25 Mb/s ultra-low latency (90 ms) feeds using Haivision Pro4 video
transmitters, located on and around the stage. In addition, four smartphone rigs roamed the festival site
providing 10 Mb/s HEVC supplementary feeds at 800 ms latency. All feeds were received in the
production gallery, where a Blackmagic ATEM Television Studio HD8 ISO was located along with
graphics and replay systems. The main program feed was streamed to YouTube as well as being
distributed to projectors across the site using the network downlink for local display. Festival-goers
were able to see what was happening across the site as it happened, without any cables.
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FIGURE 6: SCHEMATIC OF THE PRODUCTION WORKFLOWS USED AT HENLEY FESTIVAL.

What really moves the needle, though, is the development of and out-of-the-box support for auxiliary
services such as intercom and camera control. These are not merely nice-to-haves for live production,
but necessities; and the ability to support them using the same wireless infrastructure adds significant
value to the technology. It is not just about wireless video, but rather it accommodates everything
needed by the production.
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At Henley Festival, the integration between the Haivision MoJoPro smartphone app and Cyanview
remote-control panels (RCPs) was critical to the production success. Vision engineers in the production
gallery could shade the smartphone cameras in real time, tweaking exposure, gain and adjusting color
balance from the production gallery just as they would with a broadcast camera-control unit. That turns
a pocket-sized device into something far closer to a professional camera system and sets us up for
multi-camera color matching down the line.

Equally transformative was running Unity Intercom over the same 5G network. The crew had
full-duplex, broadcast-quality talk-back wherever they roamed, so a camera operator at the riverside or
in a backstage bar could speak to the director as clearly as someone cabled next to the stage.
Two-way comms without high-latency cell phone calls made the whole operation feel tight and
professional.

I's not just about the production, either. The network brings with it the ability to also provide wireless
connectivity for event security, safety and logistics staff, point-of-sale devices, and social media
contributions. All with quality of service and prioritization management.

There are still challenges to understand, particularly around environmental limitations, but that is
precisely why the IBC Accelerator is so vital. The visibility of experimentation like this is the only way to
push the limits of emerging technology and rethink a craft that has been approached in the same way
for decades. Television must evolve, and it is exciting to play with the tool-set that might enable that
change. And it is a genuine game-changer. This Henley deployment is the first foray for private 5G
providing the full production and distribution infrastructure for this kind of event; the capabilities will
grow rapidly from here. It feels as though someone has revealed a brand-new toy set and said, “Go and
play! Use your imagination.” The possibilities are huge, and it is exciting to see what the industry does
with it next.

International Island Games

The International Island Games [12] is a biennial multi-sport event that brings together athletes from
island communities around the world. The 2025 Games, hosted in Orkney [13], featured participation
from 25 international island delegations, including the Shetland Islands, Falkland Islands, Bermuda,
Gotland, and even Greenland. The event celebrates community, culture, and sporting achievement on
a truly global island scale, making it an ideal setting to demonstrate the flexibility and reach of private
5G technology.

The Orkney Islands is an archipelago of around 70 islands located to the north of John 0’Groats in
Scotland. It is a rural community and subject to some of Scotland’s harshest weather conditions, which
posed a challenge for event production during the games. With events taking place across the
Mainland, production teams were faced with uncertainty around public mobile network connectivity and
access to backhaul or even power infrastructure. Several pop-up private 5G networks were deployed
by Neutral Wireless at the golf, athletics stadium and triathlon locations to provide dedicated wireless
connectivity for event logistics and broadcast production.

Prior to arriving on site, radio frequency (RF) planning simulations were conducted to optimize antenna
placement at the locations — particularly for the golf course, where coverage across large, open areas
with varied terrain was essential. These simulations played a key role in ensuring consistent signal
coverage throughout the event venues. The networks were operated using low power Shared Access
Licences (SALs) from Ofcom for shared spectrum in the upper n77 band (3.8 to 4.2 GHz), part of the
UK's designated band for private 5G networks. A 100 MHz channel was used for the golf event,
whereas narrower 40 MHz channels were used at the athletics and triathlon events, demonstrating that
even with reduced spectrum bandwidth the private 5G network could still deliver reliable coverage and
capacity suitable for multiple high-definition camera feeds. The versatile software-defined system
allows for rapid reconfiguration to make optimum use of the spectrum allocation to support the desired
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use case(s). While nine concurrent HD streams were used during this deployment, the system is fully
capable of supporting many more camera feeds, depending on production requirements and network
configuration.

A range of user equipment (UEs) was connected to the network, including off-the-shelf Samsung
Galaxy S25 Ultra and Apple iPhone handsets, as well as 5G modems and Ethernet gateways. This
diverse device mix can give producers the flexibility to integrate private 5G into various types of
production workflows — from mobile journalism to full-scale outside broadcasts.

FIGURE 7: MULTIVIEWER DURING THE (LEFT) ATHLETICS AND (RIGHT) TRIATHLON EVENTS.

The deployments at the Island Games focussed on lightweight smartphone-based production, which
allowed numerous supplementary feeds to augment the main production by providing roaming wireless
cameras with the freedom to capture the action wherever it unfolded. Camera operators could move
around the venue and through the crowds, and cameras could be discreetly mounted with battery
packs to provide unique angles to bring the audience closer to the athletes.

Neutral Wireless also worked closely with local Orkney-based company CloudNet IT Solutions, who
provided vital backhaul connectivity for the private 5G networks. This included both wired backhaul

infrastructure where available and Starlink satellite connectivity, ensuring upstream bandwidth from
even the most remote event sites.

FIGURE 8: (LEFT) DEPLOYMENT OF P5G ON A TRIKE WITH (RIGHT) DOWNLINK BACK TO THE PRODUCTION GALLERY.

For the golf competitions, the private 5G network was deployed on an electric trike — affectionately
referred to as the gNodeBike. The 2 kWh battery installed on the trike was able to power the network
for 10 hours, allowing for all day production across the course. Since the video production use case is
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predominantly uplink-heavy, the downlink of the private 5G network itself was used to backhaul the
video to the gallery based in the clubhouse. Despite operating with an uplink-biased TDD pattern using
7 slots for uplink and 2 slots for downlink [2], use of 4x4 MIMO on the downlink allowed for balanced
network capacity. Everything uploaded could be downlinked back to the gallery on the same network.
This nomadic topology makes deployment very flexible, allowing for network mobility and removing the
need to run any cables to the cell location.

The deployment of fully battery-powered pop-up private 5G networks and the use of agile and
affordable camera sources provides a lightweight and cost-effective way to either augment event
production, or deliver multi-camera wireless production for smaller rural and regional events that would
otherwise be overlooked. The deployment demonstrates how private 5G can fit into production
environments to provide wireless camera and auxiliary service connectivity, with the potential to reduce
the need for on-site infrastructure and personnel while maintaining broadcast quality. As demand grows
for more nimble and scalable live production solutions, we expect 5G to become essential part of the
modern broadcast toolkit.

Conclusions

Private 5G gives a production the ability to narrow the gap between broadcast and lived experience,
moving coverage from observation to participation. Used well, it can bring viewers closer to the live
experience, expands coverage without increasing footprint, sharpens editorial agility without lowering
standards, and could create new commercial value without disrupting the audience journey. Looking at
what was achievable at Henley it is easy to imagine the future of live festival coverage as hybrid. Hard-
wired traditional broadcast precision at the core, augmented with agile wireless storytelling at the
edges.

The integration of mobile journalist and streaming applications with broadcast-grade hardware control
panels (such as MoJoPro and Cyanview) show a pathway for an exciting area of expansion. Film has
already seen maverick use of mobile phones, with Danny Boyle’s 28 Years Later demonstrating what is
possible when mobile devices are considered as viable capture over traditional camera systems. Film
has the budget to spend a lot of time in post-production to tweak and correct the look of a camera,
whereas broadcast has a different set of demands. Engineers need access to color matrixing, color
temperature, iris, gain and pedestal in real time, surfaced for tactile for live control. If those tools are
exposed properly and integrated with remote control panels, smartphones move from novelty capture
devices to be brought in line with traditional broadcast cameras. That shift is changing their usability
and redefining how broadcast-quality live content is captured.

The deployment of private 5G by the BBC to provide wireless connectivity at the Coronation of King
Charles Il [3] and support international broadcasters when public networks were expected to become
severely congested has been recognised as a turning point for the viability of private 5G in broadcast
production. Such a large-scale and high-profile deployment was a pioneering showcase for the
technology, but it was also experienced by production teams on the ground. It wasn’t a test — it was out
in the real world transporting real remote contributions to production galleries all over the World. Since
then, private 5G has been out there with a spring in its step, demonstrating its ability to support a
myriad of production workflows while building confidence and stimulating adoption.

Many consider how private (or one day perhaps public) 5G might be used simply as a replacement for
existing wireless links and judge the technologies on a like-for-like basis. The result is often a lack of
incentive to invest capital or operational expenditure to change to a new technology when they are
experienced with and well served by the status quo. However, we recommend a different approach and
instead urge those looking at 5G to consider what else it can do to support their production, whether
that is delivering auxiliary services and quality of life enhancements or augmenting the production with
more content and creative freedom.
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As private 5G adoption grows, we expect to see more and more examples of how the technology can
be used to create something new rather than continuing to repeat current practices. Whether that's
onboard cameras to improve storytelling, dynamic social-first content acquisition to engage new
audiences, or volumetric capture for real-time viewer rendering to drive the ultimate immersive
experience, the first step is unshackling production from its assumptions about what wireless
connectivity is and what acceptable broadcast devices look like.

Deployments like Henley Festival and the International Island Games discussed in this paper suggest a
glimmer of how wireless production is changing and how private 5G networks can be the catalyst for
change in an industry that is constantly sprinting to accommodate the ever-changing desires of its
consumers. In a World flooded with on-demand high-octane video content, live production has to work
harder to stand out and maintain the attention of its audience. The use of smartphones to deliver
familiar, relevant, dynamic content should be embraced, and integrations such as camera control and
intercom ease the transition greatly. The potential to simultaneously service broadcast production, local
distribution, and event connectivity presents an attractive option and an emerging market for private 5G
technology to support.
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