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Abstract — 5G New Radio (NR) can be used to provide flexible, high-capacity and low-latency networks
suitable for broadcast content acquisition or delivery, but access to suitable spectrum can be
challenging. One of the enablers for private network deployments is shared spectrum licensing, such as
the upper n77 band (3.8—4.2 GHz) available in the UK and elsewhere in Europe. The Third Generation
Partnership Project (3GPP) was created to develop mobile standards for WCDMA and TD-SCDMA and
their respective core networks, and has continued to publish standards as radio access technologies
have progressed to 4G and 5G. These standards define frequency bands, numerologies, duplex
models and messaging (among many other things). While software-defined radio (SDR) is emerging as
a viable and highly flexible solution for core and radio access network (RAN) functions, user equipment
(UE) typically remain hardware based with modems that implement the 3GPP standards to ensure
device compatibility. The flexibility of SDR RAN allows for wireless radio networks based on 5G NR to
be built in non-3GPP defined spectrum bands, but there are no compatible devices to connect. In the
USA, broadcasters have access to spectrum in the Broadcast Auxiliary Service (BAS) band (2025-
2110 MHz), which coincides with the programme-making and special events (PMSE) band used in the
UK and Europe. This allows for rapid licensing of 10/12 MHz channels for traditional wireless camera
systems, such as COFDM, that could instead be used to license low-to-medium power private

5G NR-based networks capable of supporting multiple cameras and other IP-based workflows. This
paper discusses the development of a flexible software-defined UE capable of connecting to non-3GPP
5G NR networks in BAS/PMSE spectrum.

Introduction

All wireless communication relies on radio frequency (RF) resources to transport a modulated signal.
Different frequencies are used by different devices and for different purposes. There are some
unlicensed frequency bands, such as 2.4-2.5 GHz for Wi-Fi, which are available for anyone to use.
However, these can become unusable when many people are trying to use them at the same time.
Different devices or even networks can be competing for the same resources and interfere with one
another. Other frequency bands, like n78 (3.3-3.8 GHz) in the C-band, are instead licensed to a user
such as a public mobile network operator (MNO) to run their commercial networks. Figure 1 shows
cellular spectrum allocation and usage at a location in Glasgow, UK.
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FIGURE 1: CELLULAR SPECTRUM ALLOCATION AND USAGE AT A LOCATION IN GLASGOW, UK.

5G New Radio (NR) can be used to provide flexible, high-capacity and low-latency networks suitable for
broadcast content acquisition or delivery, but access to suitable spectrum can be challenging. One of
the enablers for private network deployments is shared spectrum licensing, such as the upper n77 band
(3.8—4.2 GHz) available in the UK and elsewhere in Europe. In the USA, the Citizens Broadband Radio
Service (CBRS) band provides shared access to 150 MHz of radio spectrum in the n78 band in areas
where the incumbent user (the U.S. Department of Defense) is not operating.

In the USA, the Broadcast Auxiliary Service (BAS) bands are a set of radio frequencies that are
available for broadcasting operations, including video and audio transmission between field locations
and production facilities for applications such as electronic newsgathering (ENG) and coverage of
major sporting and entertainment events in stadia, arenas and outdoor locations. The BAS mainly
operates in ultra-high frequency (UHF) and microwave spectrum, including allocations in the 2 GHz,

7 GHz, 13 GHz and 17 GHz bands. The 2 GHz BAS band coincides with the programme-making and
special events (PMSE) spectrum between 2025-2110 MHz available in the UK and across Europe for
wireless video contribution, mainly using the coded orthogonal frequency division multiplexing
(COFDM) digital video transmission standard.

In recent years, the major rollout of 4G/5G public networks has led to a significant reduction in the
availability of dedicated spectrum for broadcasting applications (including ENG). Since the broadcasting
use case is uplink intensive and public networks can be unpredictable, this has led to the emergence of
technologies such as bonded-cellular that simultaneously utilize multiple 4G or 5G network connections
to transmit video. This reduces the required resources on each network and allows the device to adapt
to network conditions on each path, facilitating robust video delivery using IP-based protocols with
forward error correction (FEC) and packet retransmission. Despite the reduction in resources required
on each individual connection, broadcasters typically use target bitrates as low as 5 Mbps for interlaced
HEVC video feeds. Moreover, the bonding over multiple paths, recombination, and packet
retransmission all need time, such that bonded-cellular contributions typically operate with end-to-end
latency between 1 and 2 seconds. This is acceptable for average quality remote contribution feeds.

The need for multiple cellular connections for a single device is often caused by a lack of control over
the quality of service (QoS) provided by public 4G and 5G networks, especially in high demand density
(HDD) environments. This makes bonded-cellular a less attractive solution than traditional COFDM
links for major sporting events or festivals, where there are likely to be many thousands of concurrent
users competing for the same network resources.

Despite this, the evolution to IP-native video transmission over 5G has numerous potential advantages,
such as removing the need for on-site production facilities, and bi-directional connectivity for services
such as camera control, tally, talkback and return video using a single spectrum allocation. There are
two major solutions for improving the QoS provided by 5G networks: network slicing and private
(non-public) networks.

In network slicing, a portion of the physical resources of the (public) network, such as bandwidth, is

reserved for a particular use or user(s). Currently, network slicing is not widely deployed, which means
that broadcasters may be unable to access a slice in every location that they are operating. In addition,
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the slice is usually limited and costly because the Mobile Network Operators (MNOs) cannot afford to
substantially reduce the QoS for their main customer base. As a result, the user of the slice is still
competing for resources with other network users and does not have operational control over the
network parameters and QoS. While there have been several successful demonstrations of public
slicing [1,2,3], they have often required the MNO to deploy additional hardware to support the slice.

In private (or non-public) networks, a dedicated 5G network including radio access network (RAN) and
core is deployed at the broadcast location using licensed spectrum. The private network is based on
the standalone (SA) architecture, whereas many public networks use non-standalone (NSA) that relies
on existing 4G infrastructure. Shared spectrum refers to 5G bands that cannot be exclusively licensed
by the public MNOs, such as the upper n77 band extending from 3.8-4.2 GHz in the UK. The private 5G
network is owned and operated by the broadcaster or contracted service provider, and gives them full
control of all network parameters, such as the time division duplexing (TDD) frame structure. This
allows them to deploy a network configuration that is tailored exclusively for the broadcast application —
to maximize uplink capacity and minimize end-to-end latency. One of the key enabling technologies of
private networks is virtualized RAN (VRAN), which refers to a fully software-based implementation of
the 5G RAN or gNodeB (gNB) running on a commercial off-the-shelf (COTS) Linux server. This permits
a high degree of flexibility in the configuration of the 5G network and choice of compute form factor.

Even with the introduction of shared spectrum, there still remains a lack of harmonization [4] between
countries. It is also subject to challenge from public MNOs, which creates a potential barrier to greater
adoption of 5G networks by broadcasters. Broadcasters (like all other interested parties) must still apply
for a spectrum license for the shared spectrum band from the in-country regulator. An application does
not automatically guarantee a license will be offered as it is subject to whether other network operators
hold licenses in the same channel or location. Furthermore, in the UK for example, licenses must be
applied for well in advance of the deployment date, which may not be possible when reacting to major
news events.

Private 5G networks are still dependent on the use of COTS user equipment (UEs) from manufacturers
such as Qualcomm, which are based on fixed hardware implementations and are strictly adherent to
the 3GPP-defined 5G NR bands. In this paper, we describe a prototype private 5G network and UE that
can operate between 2025-2100 MHz within the BAS band. The benefit of this system approach is that
it allows for IP-native video transmission using spectrum already dedicated for broadcast applications.
The use of the BAS band precludes the need to compete with the MNOs for spectrum and allows
broadcasters to license deployments as they typically would for their COFDM transmitters.

In such a system, the broadcaster can exploit the inherent advantages of video-over-IP technology
while also having full control of the QoS, which is of paramount importance for high-quality low-latency
video contribution. A major innovation of this system is the development of a software-defined UE,
which can operate “off-piste” (also known as “backcountry skiing” in the USA) in non-3GPP spectrum.
The prototype demonstrates the possibility of deploying private 5G networks in any spectrum.

Spectrum Regulation

In the BAS spectrum, the 2 GHz band is available for radio links for broadcast video contribution. The
overall spectrum allocation extends between 2025-2110 MHz, which is flanked by 4G LTE bands B1
and B34, as illustrated in Figure 2. This is licensed as seven 12 MHz channels described in Table 1.

Channel 1 2 3 4 5 6 7
Center freq. (MHz) | 2031.5 2043.5 2055.5 2067.5 2079.5 2091.5 2103.5
NR-ARFCN 406300 408700 411100 413500 415900 418300 420700

TABLE 1: CHANNELS IN THE 2 GHz BAS BAND.
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FIGURE 2: ILLUSTRATION OF 2 GHz BAS BAND AND ADJACENT 4G LTE BANDS.

The LTE band B1 is a frequency division duplexing (FDD) band, where different channels are used for
downlink and uplink. The downlink is usually the higher of the two frequencies. In this case, the duplex
spacing is 130 MHz. LTE B34 is a time division duplexing (TDD) band, where the downlink and uplink
share the same frequency with resources allocated in different time slots. As can be observed, it is
located between the B1 downlink and uplink channels from 2010-2025 MHz. The BAS band is
sandwiched between B34 and the B1 downlink channels with no guard band. Adjacent channel leakage
could raise the noise floor for the bordering BAS channels. The 5G NR bands n1 and n34 utilize the
same spectrum as their LTE counterparts, however 5G NSA network services are typically deployed in
so-called “midband” spectrum at 3.5 GHz in the lower n77 (or n78) band.

In most countries, including the US, the MNOs have exclusive rights to use the B1 and B34 spectrum
for their commercial services, so these cannot be used by a private network operator. Just like in the
UK and elsewhere, the broadcasters can use technology such as bonded-cellular for IP video
transmission to cope with the loss of spectrum access, but they have minimal control over the network
performance and QoS in HDD environments such as large-scale sporting events.

In terms of shared spectrum, a common framework for private 5G networks is the Citizens Broadband
Radio Service (CBRS), which comprises 150 MHz of spectrum in the 3.5 GHz band. However, unlike
the Shared Access License (SAL) framework in the UK, access to this spectrum is based on priority
levels with protection for incumbent users such as U.S. Navy radar systems. This makes obtaining a
license and operating in certain environments very challenging for secondary users of the spectrum.
There are a few technical challenges that we believe limit its suitability for critical broadcast
connectivity. The relatively high permitted transmit powers pose a severe risk of interference to uplink-
biased networks, while matching the standard downlink-biased TDD pattern offers limited uplink
capacity in the modest (10-40 MHz) channels available. Furthermore, with the potential for many users
running in adjacent channels and dynamic licensing, it is very difficult to ensure a clean RF
environment, or to isolate and take measures to mitigate any issues encountered. The ability of users to
operate “opportunistically” using unused spectrum assigned to another licensee increases the risk of
interference in congested areas. Finally, public networks are allowed to access spectrum in the CBRS
band, reducing availability in HDD environments where it is potentially needed by broadcasters most.

Just like the CBRS band, the BAS band is a shared spectrum band with different rules for priority
access. However, unlike CBRS, individual television stations and large broadcaster networks such as
ABC and NBC are the incumbent users, which have pre-existing licenses for this band. There is also a
second co-primary user of the BAS band—the Department of Defense. An emerging condition on the
use of the BAS band precludes the hidden node problem, where two unidentifiable transmitters
operating in the same spectrum can cause interference at a receiver, thereby preventing either signal
from being decoded. Unfortunately (but hopefully not surprisingly), COFDM camera links fall into this
category. Therefore, we propose that one approach to maintaining use of the BAS band for broadcast
video transmission is to deploy private 5G networks in the BAS band. Single channel (12 MHz) carriers
could potentially support multiple cameras simultaneously, or several channels could be combined to
deploy even larger carriers. The main barrier stopping this is the availability of user equipment—the end
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user device that connects to the 5G network. The COTS 5G UEs that are used in bonded-cellular
devices only support 3GPP bands, such as n1, n34 or n77; they cannot be used in the BAS band.

A bespoke UE implementation is needed that can operate “off-piste” in non-3GPP bands. This novel
approach can be realized through software-defined radio (SDR), where the majority of radio
functionality is implemented in software running on a general-purpose compute. The CPU could be
based on RISC or CISC instruction sets from manufacturers such as ARM, Intel or AMD. The inherent
flexibility of SDR allows the 5G UE to operate in non-3GPP bands and to be configured specifically for
the broadcast use case. Note that SDR 5G gNB based on VRAN already allows the base station to
operate off-piste and with flexible network configuration, enabling high uplink capacity, low latency, and
fine-tuned QoS for the broadcast application. In the next section, we propose a custom 5G band in BAS
spectrum to lay the groundwork for the SDR UE implementation that follows.

Beyond 3GPP (going off-piste)

The Third Generation Partnership Project (3GPP) was created to develop mobile standards for
WCDMA and TD-SCDMA and their respective core networks, and has continued to publish standards
as radio access technologies have progressed to 4G and 5G. These standards define frequency bands,
numerologies, duplex models, and messaging (among many other things). While software-defined radio
(SDR) is emerging as a viable and highly flexible solution for core and RAN functions, user equipment
(UE) typically remains hardware-based with modems that implement the 3GPP standards to ensure
device compatibility. The flexibility of SDR RAN allows for wireless radio networks based on 5G NR to
be built in non-3GPP defined spectrum bands, but there are no compatible devices to connect.

In this section, we propose a new 85 MHz TDD band called “n250” operating within the BAS band
between 2025-2110 MHz. TDD is employed to ensure that the spectrum can be flexibly used to
efficiently support different uplink/downlink use cases. FDD requires separate channels for downlink
and uplink. The channel uses the global frequency raster of 5 kHz that applies to all 5G bands
operating up to 3 GHz. In addition, a 100 kHz frequency raster is used to define the spacing between
potential center frequencies within the overall band. Each discrete frequency is represented by an
absolute radio frequency channel number (ARFCN), which is simply an index for each center
frequency. The lowest and highest NR-ARFCN in the new n250 band is

_ 2025 MHz

NR-ARFCN., . = 25 M _ 2110 MHz

= 405000 and  NR-ARFCNp, = “—

= 422000. (1)

The center frequency must also be an integer multiple of 100 kHz, so ARFCNs that are integer
multiples of 20 between 405000—-422000 are acceptable as center frequencies. This allows for 851
discrete center frequencies, although care must be taken to avoid intentional emissions outside the
defined band. The custom “n250” band is illustrated in Figure 3. The existing 12 MHz BAS channels are
presented in Table 1, and to begin we propose 10 MHz 5G NR carriers be deployed within these
channels to provide a small guard band, minimize licensing disruption and allow business-as-usual
where possible. Larger 5G NR carriers (20/30/40/50 MHz) should span adjacent BAS channels, and
non-3GPP bandwidths (such as 12 MHz and 24 MHz) can be achieved using physical resource block
masking (see footnote 7 in [5]). Regarding regulatory concerns, n250 could be reduced to allow guard
bands with B34 below and B1 (downlink) above, and bandpass filters incorporated to isolate n250.

The 5G synchronization signal block (SSB) is used for the initial cell search process before the UE
establishes a connection to the network. It operates using the global frequency raster and global
synchronization channel number (GSCN). This is a larger frequency raster used to speed up cell
search. In the prototype system, the SSB frequency is chosen as the lowest possible GSCN in the
carrier bandwidth, although other implementations may use a different scheme. Currently, the SDR UE
does not perform cell search but rather the center frequency of the cell must be set manually.
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FIGURE 3: ILLUSTRATION OF THE CUSTOM N250 BAND IN THE BAS SPECTRUM.

There are some important advantages to running a fully SDR solution and removing the reliance on
COTS hardware manufacturers and 3GPP specification. The first major advantage is upgradability. The
SDR network and UE developed here started their life as an LTE system, before being updated to the
release 16 specification of the 3GPP. Since then, it became release 17 compliant and is now at release
18. This is simply not possible with fixed hardware solutions (such as ASIC), and we can start to benefit
from rapid development cycles. Secondly, since we are not constrained to the specification, we can, for
example, make use of the 120 kHz numerology reserved for frequency range 2 (FR2: 24.25-71 GHz)
when operating networks in frequency range 1 (FR1: 0.41-7.125 GHz) spectrum. This has some
potential implications for latency that are interesting to explore.

Off-piste 5G NR in the Broadcast Auxiliary Service Band
Having defined the custom TDD band, this section describes the private 5G network and SDR UE
implementation and discuss its performance. The off-piste 5G architecture is illustrated in Figure 4.

+
gNodeB
VRAN stack
SDR UE stack

BAS (n250) > o _
Radio

FIGURE 4: OVERVIEW OF THE SDR OFF-PISTE 5G SA NETWORK (LEFT) AND UE (RIGHT) ARCHITECTURE.

The gNB vRAN stack and 5G core shown in Figure 4 (left) are implemented purely in software running
on the baseband unit (BBU) server. The gNB exchanges baseband I/Q samples with the radio over the
common public radio interface (CPRI) fronthaul connection. The 2 GHz BAS radio is a low power indoor
unit with a small form factor capable of supporting 4x4 multiple-input multiple-output (MIMO)
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configuration and up to 50 MHz instantaneous bandwidth. In the tests carried out for this paper, we
configured single layer (single-input single-output (SISO)) cells with 10/20/30/40/50 MHz bandwidths
centered at 2067.5 MHz, corresponding to channel 4 of the band. The radio can transmit a maximum
power of 20 dBm (100 mW) and uses digital pre-distortion (DPD) to compensate for non-linearities in
the power amplifiers, thus minimizing adjacent channel leakage. This ensures the radio surpasses the
required spectral mask and allows the network to co-exist harmoniously with other spectrum users.

The SDR UE stack uses a similar architecture as shown in Figure 4 (right). As is the case for the gNB,
the entire UE stack is implemented in software running on a COTS Intel or AMD compute. The SDR UE
also exchanges baseband I/Q samples with the 2 GHz radio using the CPRI protocol. The UE is
configured to operate at the same center frequency of 2067.5 MHz (no cell search), decodes the SSB,
and sends a physical random access channel (PRACH) signal to initiate the network connection.

The SDR UE currently uses the same indoor 2 GHz radio unit as the gNB, which means that it can also
benefit from high quality power amplification, DPD, and optimized front-end filtering for the band of
interest. This leads to a much higher quality uplink signal than is possible with multi-band COTS UEs.
The gNB reports maximum SNRs above 40 dB, which allows 256QAM modulation to be used in the
uplink, with stable and high modulation and coding scheme (MCS) logged by the gNB. An adaptive
MCS loop can be used to optimize the cell capacity based on the target and instantaneous block error
rates. Moreover, 1024QAM could be used where RF channel conditions allow to increase channel
capacity in both uplink and downlink.

The network must be able to provide sufficient uplink capacity and low end-to-end latency to support
broadcast quality video contribution. In order to compete with existing broadcast transmission
standards such as COFDM, several network configuration parameters must be optimized. Detailed
discussion of 5G network configuration for uplink-biased broadcast applications [5] and low latency
optimization [6] have been given elsewhere. These discussions and optimizations remain relevant for
network configuration in the BAS band. Since n250 has been proposed as a TDD band to maximize
spectral efficiency and flexibility, narrow channel bandwidths require the TDD frame structure to be
chosen to meet the requirements of the use case. As a “broadcast” band, we recommend an uplink-
biased TDD pattern such as SUUU be considered as the standard for n250 in order to support both low
latency and uplink-biased broadcast workflows. Downlink MIMO can be used to increase downlink
throughput if needed [5]. While the SDR UE developed here is capable of running 4x4 MIMO for both
downlink and uplink, we caution the use of uplink MIMO to increase capacity compared to using receive
diversity to increase channel robustness.

Since RF propagation at lower frequencies (such as 2 GHz) out-performs higher frequencies, we can
typically expect lower pathloss than we experience using, for example, UK shared spectrum in upper
n77, and significantly less than mmWave. At the center of the BAS band, f; = 2067.5 MHz, we find the
free-space distance for a pathloss of 75 dB to be 65 m, compared to 33.5 m for f. = 4 GHz (see
equation (3) in [5]). It should be noted that uplink-biased networks tend to be limited by UE uplink power
class or license conditions [5]. In this case, with the same radio front-end being used on base station
and UE, this is not the case, and we can run with a symmetric link power budget. The effective
(isotropic) radiated power (ERP or EIRP) should be carefully considered to provide robust RF
performance to deliver the use case while being considerate of other licensees and spectrum reuse
density, particularly if operating with a downlink-biased TDD pattern.

The first iteration in the development of a SDR UE used low power Ettus USRP B210 SDR boards for
the radio link. A narrow LTE FDD carrier was demonstrated in the BAS band at the 2023 NABShow, as
shown in Figure 5 (left). The link was used to transport an ultra-low latency (~40 ms) HEVC 1080p50
UDP video stream from a prototype FPGA-based video encoder built in collaboration with BBC R&D to
its counterpart decoder over the tabletop. A return video feed was sent from the decoder back to the
encoder, and camera control of a Grass Valley camera using a Grass Valley remote control panel
(RCP) and nameserver. The link was so fragile that the plastic sign could be used to disrupt the video.
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FIGURE 5: EvOLUTION OF THE SDR UE. (LEFT) DESKTOP SDR CARDS AT NABSHOW 2023. (CENTER) LOW-POWER SDR
CARDS AT IBC 2023. (RIGHT) “PORTABLE” UE AT NABSHOW 2024.

A second iteration of the prototype SDR UE was demonstrated with BBC, Zixi and BT Media and
Broadcast later that year at IBC 2023. The system used internal Amarisoft SDR PCle cards with a
slightly higher transmit power than the USRP boards. The BBC R&D prototype ultra-low latency video
codec was used to encode and decode the video stream, with the Zixi transport protocol used to protect
the UDP video stream for an end-to-end latency around 100 ms. Camera control was this time
demonstrated using Sony camera and RCP equipment. The configuration is shown in Figure 5 (center)
with the Intel NUC running the base station and a small form factor custom-built AMD computer
mounted on the tripod leg running the SDR UE. The live video was transmitted a few meters over the
air using PMSE spectrum licensed from the Dutch spectrum regulator. A 10 MHz TDD 5G SA carrier
was broadcast in a single PMSE channel. (As an aside, the video was then bonded over Starlink and
OneWeb low-Earth orbit (LEO) connections to BT Tower in the UK then returned to Amsterdam over
the BT Vena fiber network with a latency of around 1 second.)

It was clear that to cover any meaningful area a proper radio front-end was required. A custom-made
low-power indoor radio head based on the AMD/Xilinx RFSoC was developed with custom filters to
operate in the new n250 band. The radio was capable of up to 50 MHz carrier bandwidth in the range
2025-2100 MHz (not quite the full n250 band). Meanwhile, the RF driver and UE software stack were
developed to make use of the new radio hardware. Figure 5 (right) shows the SDR UE and new BAS
(n250) radio packaged together with a battery power supply into a rucksack. An omni-directional 2 GHz
antenna was mounted above head height. The SDR gNB was located behind the LED wall on the AMD
booth at NABShow 2024, with a small sector antenna protruding above the LED wall. The same Intel
NUC was used for the SDR gNB to generate a 10 MHz 5G SA carrier in channel 4 in the center of the
BAS band (Table 1), and the SDR UE was used as a gateway for an iPhone connected by Ethernet.
The iPhone used the Zixi OnAir mobile application to stream a 16 Mbps video (with 100 ms Zixi
transport latency) to a decoder and displayed on the LED wall. The end-to-end latency was less than
500 ms, with the extra latency in the processing driving the LED wall. This system was sensitive
enough for the “mobile” SDR UE to be taken elsewhere in the hall and still deliver stable video.

Conclusions

All wireless communications rely on RF spectrum to transport information. Spectrum is a finite
resource, and access to radio spectrum needs to be controlled. The emergence of shared spectrum
models has accelerated the development and uptake of private 5G networks in a number of industries,
including live broadcast, but accessing spectrum can be challenge that varies across the World. The
UK spectrum regulator, Ofcom, has designated the upper portion of n77 (3.8—-4.2 GHz) as shared
access spectrum for use by low- to medium-power non-public networks. There is movement towards
harmonization of this band across Europe [4], but the current license processing times are not
conducive to many broadcast applications.
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Dynamic access to spectrum is used by broadcasters to deploy wireless camera links using COFDM
technology, and suitable spectrum is available to broadcasters (PMSE in UK/Europe and BAS in the
USA). It is of interest to explore the deployment of private 5G networks to support broadcast use cases
using this spectrum. Software-defined radio systems are highly flexible and have been used to
demonstrate the suitability of private 5G to the broadcast industry at high profile international events.
However, most COTS devices are based on hardware multi-band modems from companies such as
Qualcomm, and implement a subset of the 3GPP specification to ensure compatibility. Broadcaster
spectrum is not part of the specification, so these devices cannot operate in spectrum that broadcasters
have access to. While we can create SDR networks at 2 GHz, there are no UEs to connect.

A SDR UE solution has been developed with a focus on the 2025-2110 MHz spectrum available as
PMSE and BAS to broadcasters. A new 5G NR TDD band named n250 has been discussed and a
dedicated RFSoC-based radio head developed to function in this band. This can be used to build
functioning private 5G SA networks with Release 18 UEs in broadcast spectrum. The SDR nature of
the solution means that the gNB and UE are essentially frequency agnostic, and other non-3GPP
bands can be explored in a similar manner with the development of suitable radio front-ends. The
BAS/PMSE system developed currently uses the same radio for the network cell and UE, which can
create very clean carriers and provides excellent uplink performance with SNRs above 40 dB recorded.
The prototype system remains rather bulky for mobile UEs. We hope to continue development and to
reduce the size of the UE. Perhaps COTS multi-band modems will one day allow users to go off-piste.
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