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Executive summary 
Since 2019 upper-n77 has been available under a shared access licensing arrangement. The availability was 

intended to encourage innovation in the deployment and usage of networks beyond typical public mobile 

network models. This report provides findings from a DCMS commissioned study focussed on an initial brief 

of investigating supply side issues and challenges emergent from the experiences of stakeholders 

participating in the 5G T&T programme. However, having engaged with the 5G T&T stakeholders in focus 

groups and interviews a broader canvas of issues emerged spanning both supply and demand side. The 

executive summary conclusions, but not the 27 recommendations, have been socialised in both the 

Telecoms Supply Chain Diversification Advisory Council (19th April) and the UK5G Advisory Board (27th 

April); any comments received have been taken into account before the final issuing of this report. 

Identification of Challenges 

We have identified low order volumes for upper band n77 devices as the key issue of concern in the UK 

market, and that this issue of concern is driven by ten (10) inter-related issues that we have explored 

further, which includes the issue of spectrum divergence. 

Whilst spectrum divergence is one of the issues identified, it also ranked as the least critical issue – 

although the relative weighting of each issue was not widely different (with mean impact scores ranging 

from 2.6 to 3.6 on a 1-5 scale). The 10 ranked issues are as follows: 

 

Supply Side 

Our initial analysis through a globally oriented survey provides a positive impression of adequacy of supply 

of chips, devices and network equipment. However, as the study localises to the UK and processes the 

experience of innovator users of the band, the cracks start to appear. Supply side confidence is limited by 

their addressable market assessments and uncertainty regarding the new product qualification regime and 

inter-operability concerns. There is concern that there may be suppression of demand for the bands; given 

that early trials have identified that regulations in maximum power levels and geolocations can limit 

location choices and force higher costs due to increased infrastructure density. The highest diversity of 

supply of devices comes from the Chinese vendor ecosystem, will that supply be choked off by policy 

decisions in the UK driven by geo-political and security concerns? 

Identification of Candidate solutions 
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Recommendations for solutions came through direct suggestions of stakeholders and through analysis of 

the issues based on our industry experience and expertise in nascent markets. We have developed a 

comprehensive list of 27 recommendations. The principal objective of the recommendations is to shape an 

ecosystem support strategy to increase the likelihood of market demand growth. The recommendations 

are focussed around four key themes that are proven dimensions of any ecosystem management approach, 

and can be briefly summarised as below: 

• Market formation 

Consolidation of use cases and device requirements to counteract the effects of fragmentation 

through harmonisation of market requirements. Can an entity act as a consolidator of the market 

and product requirements alongside a volume consolidation? The consolidation approach should 

also encompass any potential needs from the public sector. 

• Architecture harmonisation 

Whilst a competitive dynamic is present between the Mobile Network Operator and Mobile Private 

Network segments, a coopetition model could be derived that can address common issues such as 

the Core (Stand Alone and non-Stand Alone) as well as standardised template architectures. The 

Joint Operators Technical Specification (JOTS) architecture may provide an effective starting point 

for the emergence of hybrid-system architectures supporting neutral-host networks and private 

networks. 

• Interoperability testing 

A full telecom-grade “open networks” Interoperability Development Test lab that spans the 5G 

ecosystem with a clear mission around Mobile Private Networks; this entity may emerge from an 

evolution of the SONIC initiative. It is to be noted that stakeholders believed SONIC is absolutely 

focussed on the public mobile networks diversification objectives, and thus not relevant to issues 

identified in this report around private network use of n77. 

• Regulatory adjustments 

Operationally advanced and commercially minded service providers have been vocal about their 

reluctance to engage with the n77 shared access spectrum. There were calls for higher Effective 

Isotopic Radiated Power (EIRP) limits. Those that have European and Global operations were keenly 

aware of the approach in Germany; and made unfavourable comparisons of the UK approach 

against the approach in Germany. There was a clear call for Ofcom to show increased awareness of 

current n77 difficulties, perhaps through a well signposted and resourced industry consultation. 

There was evident interest in the harmonisation efforts recently underway in the European 

Conference of Postal and Telecommunication (CEPT), and an urging for the UK to show a proactive 

engagement. 

Perhaps a positive indicator of increased industry awareness of the potential for a frontdoor1 [1] 

proposition was that ideas emerged through both the 5G T&T focus group and follow-on interviews that 

n77 is a UK oriented ecosystem that would benefit perhaps from the frontdoor service concepts promoted 

by DCMS in 2021. Both supply-side and demand-side ecosystem management needs and opportunities are 

present, these need to be taken forward to assure sustainability of 5G T&T innovator deployments 

transition to early adopter commercial models and growth does not stall. 

 

1 A concept notified to industry in the Telecoms Diversification TaskForce Findings and Report of April 2021. 
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1 Introduction 
In 2019 Ofcom announced that it was to make the upper band of 3GPP n77 (3.8 – 4.2 GHz) available under 

the shared access licence framework in the UK. Under this framework, new private operators can apply to 

use spectrum for private network purposes – sharing this spectrum with Fixed and Fixed Satellite (space-to-

earth) services. Private network deployments could require various equipment types, including 

phone/tablet/Mi-Fi2 devices, dongles, modems, and Fixed Wireless Access (FWA) equipment. The claimed 

advantage of the shared access framework is that it provides access to large bandwidths with a simple 

application process managed by Ofcom. 

However, a perceived disadvantage for private network deployment in this band was it has potential to be 

a sub-scale niche market for equipment, as this spectrum band lacks European and global harmonisation. 

For example, Germany and the US have implemented spectrum sharing approaches in the mainstream 5G 

band: the US at 3.5 GHz, and Germany at 3.7 GHz. The lower part of the n77 band, namely 3.4 – 3.8 GHz, 

has been harmonised across Europe for mobile services. In the UK, this part is already awarded to Mobile 

Network Operators (MNO)s. 

Throughout the DCMS 5G Testbeds and Trials (5G T&T) programme, projects have reported issues to DCMS; 

difficulties in procuring devices that operate in the upper n77 band, lack of support of 5G Standalone (5G-

SA) core functionality. These issues could be due to the early adopter status of many of the 5G T&T projects 

and may resolve over time. However, there is a risk as to whether the market will respond and provide an 

ongoing range of competitive devices for the potential niche market of the n77 upper band. 

DCMS commissioned UK5G, partnered with Real Wireless, to explore the market dynamics of the upper n77 

band. This amounts to the following principal question. 

PRINCIPAL QUESTION 

IS THERE A SUBSTANTIVE SUPPLY AND DEMAND CONCERN IN THE 3.8 – 4.2 GHZ BAND 
OR IS IT AN EARLY-STAGE MARKET ISSUE? 
IF SO, WHAT ARE THE OPTIONS AVAILABLE TO IMPROVE THE SITUATION? 

 

1.1 Introduction to upper n77 spectrum band 

n77 is a 3GPP New Radio (NR) operating band, covering the frequency range 3.3GHz - 4.2GHz. n78 is also a 

3GPP New Radio operating band, covering the frequency range 3.3GHz – 3.8GHz, a sub-set of the n77 

frequency range. n78 is a globally harmonised band, and is fast becoming the primary 5G band in use 

globally. According to HBR [2] n78 “is the most commonly tested and deployed 5G frequency [band]. The 

n78 band’s popularity is due to its relatively common availability, with lower cellular spectrum already in 

use by 3G and 4G networks”.  

The section of the n77 frequency range that is not also covered by n78 is 3.8GHz to 4.2GHz, and this 

frequency range is, more informally, known as “n77 upper band”.  

 

2 Mi-Fi is a portable broadband device that allows multiple end users and mobile devices to share a 3G or 4G mobile broadband 

Internet connection. 
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In 2019 Ofcom, the UK’s communication regulator, made the following spectrum bands available under a 

new licence framework known as shared access licence [3]: 

• 1800 MHz band: 1781.7 to 1785 MHz paired with 1876.7 to 1880 MHz; 

• 2300 MHz band: 2390 to 2400 MHz; 

• 3800 to 4200 MHz band; and 

• 24.25-26.5 GHz. This band is only available for indoor low power licences 

Ofcom’s stated objective with the shared access licence scheme is to enable as many users as possible to 

access the airwaves they need, with Ofcom coordinating access, to avoid interference. Two types of Shared 

Access licence may be applied for – a low power licence for a 50-metre radius circular area, and a medium 

power licence – issued for a particular base station, typically for use in rural areas. 

Whilst 1800 MHz and 2300 MHz bands are already widely in use for mobile telecoms, and thus there is 

already an existing market for the supply of mobile handsets, the 3.8-4.2 GHz band was not previously in 

use for mobile telecoms, and therefore no previous market demand existed. Further, given the perceived 

limited demand for equipment operating in the 3.8-4.2 GHz band elsewhere in the world, the key question 

is whether or not there is a sufficient market-pull on the demand side for vendors to respond to thereby.  

Figure 1: Upper n77 band and other bands of interest 

1.2 UK 5G T&T experiences and concerns 

The DCMS-funded 5G T&T programme [4] includes a number of project consortia utilising shared access 

spectrum in the 3.8 – 4.2 GHz band. Throughout 2020 and 2021, the supply of radio equipment (both user 

and base station radio units) operating in the 3.8 – 4.2 GHz band has been significantly problematic for 

these projects. 

In summary, the key experiences and concerns through 2020-21 regarding supply of devices in the upper 

n77 band were: 

• Some device manufacturers advertised support for n77, but during testing, they were only 

supporting the part of the band coincident with n78. i.e. they had not enabled or tested operation 

in the upper n77 band. 

• General immaturity in early to market solutions – manifest in many different ways e.g. promised 

timescales that were not delivered on, technical design issues (including the operation of 
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Qualcomm chipsets in certain configurations), general firmware instability and lack of 

interoperability testing with a range of RANs. 

• Major device brands focussed on testing with network operators – using non-Stand Alone (NSA) 

approaches. Support for SA was often built into the product but disabled, as testing of SA was not 

then a priority. 

 

1.3 Our approach 

As shown in Figure 2 below, our approach considers the complete supply chain and supply and demand 

dynamics. To understand the concerns raised, we held a round table discussion with key 5G T&T 

stakeholders. We then carried out wider stakeholder engagements and focused discussions with a selected 

stakeholder group representing an end-to-end supply chain. 

The rest of the report is organised as follows: 

Section 2 identifies issues and answers to key questions concerning supply side dynamics. 

Section 3 provides demand side analysis, including spectrum licencing, market sizing, use cases and device 

requirements, and factors on the demand side resulting in fragmentation of the market. 

Section 4 summarises the challenges with impact analysis and potential remedies.  

Figure 2: Illustration of our approach 
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2 Supply-side Dynamics 
This section aims to provide answers to six (6) key questions concerning the supply side dynamics that were 

identified prior to the start of this project: 

1. Will the silicon manufacturer supply chain provide chips that cover the 3.8 – 4.2 GHz spectrum, and 

are there any specific design issues that might complicate the use of such chips by equipment 

manufacturers?  

2. Are equipment manufacturers for devices and network equipment designing and supplying into the 

UK today products that can operate in the 3.8 to 4.2 GHz range? If not why not, and do they have 

future plans to supply such products into the UK and when?  

3. Will support of this frequency range be standard across a supplier’s product range or will such 

products be specialised variants, perhaps being country specific? What are the implications of 

manufacturers relying on such specialised variants?  

4. Do manufacturers see the UK market for the various device types described above in this band as 

being economically viable?  

5. What other countries are using the 3.8 – 4.2 GHz spectrum for the same or similar purposes or is 

the UK truly a niche market requirement?  

6. If the supply side availability of terminals is seen as limited, what are: (a) the options available to 

resolve this supply problem, (b) the associated risks and obstacles, (c) the potential timescales when 

solutions could be delivered into the UK market. 

We address these questions and where appropriate further break them down and identify themes in the 

subsections that follow; we relate our answers to evidence derived from our comprehensive stakeholder 

engagement carried out as part of this project. 

2.1 Views from chip set vendors  

Following discussions with the largest global semiconductor manufacturers, these vendors have stated 

reassuringly that they are now supporting the full band of n77 – including upper n77 band – as a standard 

capability in their recent and latest generations of high-volume chipsets that are serving the global device 

OEM market. It was further indicated that no additional electronic components should be required as part 

of the design of a specific OEM device in order to specifically support upper n77 band, if chipsets from 

these vendors are used. This feedback, confirmed by a number of device OEMs who purchase these 

chipsets, leads us to the conclusion that supply of upper n77 band devices into the UK market is not limited 

by the capability of chipsets typically used by device OEMs. As a result of this conclusion, the study work for 

this report expanded to then explore a range of other possible factors that might affect the availability of 

upper n77 band devices into the UK market. 

In general, chipset vendors believe it would not be a significant engineering cost to adapt their components 

for the US C-band, or for Japan, Canada and South Korea variants. However, that effort would need to be 

justified by volumes which would require more than one country to adopt the UK’s approach, or several 

major stakeholders to guarantee volumes (large device customers or an ecosystem builder such as Bosch). 

Most would not share exact volumes required to invest in the product. Large chip designers targeting 

handsets would require at least 10% of volumes addressable in 3.5 GHz handsets, and at least 30% higher 

unit cost, to justify a market offering. Specialist IoT chipmakers would be more willing to adapt chips on a 

custom basis for a large customer but while they would not specify volumes, that would add to cost so 

would need to support high value devices/applications.  

The chipset respondents were divided between general vendors (those making a wide variety of chipsets 

including those for handsets), and specialist vendors (making chipsets only for industrial, IoT or non-
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handset devices). Overall, over half of chip designers believe the UK market for upper n77 devices would be 

potentially viable by 2025 in terms of numbers and likely evolution of new services. However, they stress 

that potential viability does not equate to market commitment and that will depend mainly on the 

decisions of their current or future device customers. They do not believe that chip-level support for the 

specific UK band plan would be a significant engineering barrier, provided the market demand emerges, 

and that is currently far from clear.  

Do you see the UK market as being viable? 

 

Figure 3: UK market viability 

All the general providers, and 80% of the specialists, plan to develop chips for similar bands elsewhere, led 

by the USA C-band. Canada, South Korea and Japan are also cited by some respondents and several point to 

potential approvals of upper n77 spectrum in Australia, Vietnam and possibly Brazil. Two-thirds of chip 

designers expect new countries to follow in adopting n77 before 2024 and 20% expect more than five 

countries to make this move. 
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Do you plan to support 3.8-4.2 GHz band now or by 2024?  

 

Figure 4: Plans to support 3.8-4.2 GHz band in 2022 

 

 

Figure 5: Plans to support 3.8-4.2 GHz band in 2024 

The charts show that support for the whole n77 band will grow significantly between 2022 and the end of 

2024. Currently, two-thirds of the chip providers support the lower n77 band only, while one-third also 

extend support to the upper range. By the end of 2024, 20% of specialist chip makers will have products 

specifically for 3.8-4.2 GHz (though not necessarily specifically for the UK), and overall, two-thirds will 

support the whole n77 band. Only 20% of specialist chipmakers, and no generalists, will have no n77 

support at all. 
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What are the key reasons NOT to support the 3.8-4.2 GHz band by 2024? (name up to 3 barriers) 

 

Figure 6: Key reasons NOT to support the 3.8-4.2 GHz band by 2024 

The dominant barriers for all chip providers relate to the size of the addressable market or minimum 

orders. Currently, they all say there are uncertainties about how far this will develop globally and in the UK 

specifically. Other important barriers would be a very price-competitive market (likely market prices for 

non-handsets are very uncertain). General chip providers are more concerned about the fragmentation of 

channel and marketing/customer activities in a scenario where a band only supports specialist devices. For 

specialist chip designers, whose business models are geared to smaller quantities and greater variety of 

customers than in handsets, there is some focus on potential increases in sales, Bill of Materials (BOM) and 

engineering costs. These costs are more easily absorbed by the large-scale providers and as a percentage of 

total costs, would not be expected to impose a significant extra load.  

In terms of industrial sectors, most chip designers are, at this early stage, keeping their options open to 

supply any specialist device maker. They are more interested in developing differentiation in cross-industry 

use cases such as enhanced low latency or robotics, rather than targeting individual sectors. The exception 

is automotive, where 50% of the companies aim to develop some specialist capabilities, assuming there is 

demand for this band in auto and V2X applications. Some chip designers are focusing on specific device 

categories however. For specialists, modules and IoT devices would be the main focus in the n77 band, as 

providing the largest potential scale. 
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Do you intend to focus on particular form factors and devices with your chips in 3.8-4.2 GHz? 

 

Figure 7: Form factors and devices with chips in 3.8-4.2 GHz 

2.2 n77 device ecosystem 

Vendors with three or more devices supporting the whole of n77 band is shown in Figure 8 [5]. There are 

17 vendors that manufacture 2 devices and further 33 vendors manufacture only 1 device.  

NB: these suppliers or devices are not necessarily applicable to private shared network applications and use 

cases. One can reasonably expect that the majority of suppliers and devices below relate mainly to PLMN 

consumer and regular office applications, as n77 is a frequency band that is widely used for 5G PLMN 

applications by public mobile operators worldwide. This is corroborated by the data in figure 2.2, where the 

number of device types are predominantly phones. There is an encouraging number of industrial grade 

customer premises equipment (CPE) – a total of 43 devices – which could be candidates for private mobile 

network use cases. 

0

20

40

60

80

100

120
%

General Specialist Total



 

 13 

  

Figure 8: Number of n77 devices by vendor3 

 

 

3 Vendors with 3 or more devices.  
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Figure 9: Form factor 
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2.3 Views from device vendors  

The survey respondents are split into two types – general device makers that are targeting a wide range of 

products including consumer handsets, and specialist vendors that focus on a smaller range of more 

specialised products excluding consumer handsets. 

The rating of the viability of the UK market was somewhat higher among device makers than chip 

providers. 60% of respondents believe the market is viable, though this does not mean they will definitely 

enter it. 

Do you see the UK market as being viable? 

 

Figure 10: Is the UK market viable? 

Most support for n77 spectrum is driven by the lower band, and particularly by the USA’s C-band in 3.7-

3.98 GHz. All the general handset makers plan to support the USA’s and Canada’s n77 band plans and there 

is also ecosystem support for Japanese and South Korean markets, and interest in potential future markets 

such as Brazil. 

Do you plan to support devices for similar bands, around the world? 

 

Figure 11: Plan to support devices for similar bands, around the world 

Fewer than one-third of device makers are currently selling products for the 3.8-4.2 GHz band in any part of 

the world while a similar percentage are planning to launch such products, in at least one global market, by 

the end of 2024 and a further 30% are undecided. Only 10% have no plans at all. Support is higher among 
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general purpose device makers which see the relative cost of extending band support within some of their 

C-band devices as fairly trivial. Specialist providers have to prioritise bands more carefully as adding support 

for an additional band has a larger percentage impact on their costs and resources.  

Are you selling devices supporting the 3.8-4.2 GHz band in any market, or planning to by the end of 2024? 

 

Figure 12: Market support: currently selling or planning to sell devices supporting the 3.8-4.2 GHz by the 

end of 2024 

For the UK specifically, there is a far higher level of indecision since the scale of the market is not yet clear 

to most vendors. About one-third of general purpose device makers expect to extend midband support to 

3.8-4.2 GHz in certain products by the end of 2024, but across the whole sample, 60% are undecided a 

figure that rises to over 70% among specialist device makers, for which adding a new band carries more 

significant risk than for large-scale players with broad portfolios. 

Are you selling devices supporting the 3.8-4.2 GHz band in the UK, or planning to by the end of 2024? 

 

Figure 13: Market support UK: currently selling or planning to sell devices supporting the 3.8-4.2 GHz by 

the end of 2024 

As for the chip providers, the main reasons why device makers would stay away from this market in the UK 

is uncertainty about the likely scale achievable in a single country. All the general vendors and over 80% of 

the specialist ones said that uncertain Total Addressable Market (TAM)/MoQ were in their top 3 barriers to 

entering the market by the end of 2024. 
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The only countries that device makers said they would target in isolation were the USA and, for some Asian 

suppliers, China or Japan. The exception would be receipt of a sufficiently large order from one or more 

anchor customers, in the case of specialist device makers, many of whom do operate partly in response to 

semi-custom requests, with MoQ, from key customers. There is a qualitative belief that such orders may 

emerge from large industrial customers such as big manufacturers and their device ecosystems, but the 

respondents did not have specific examples as yet. In general, they would expect an MoQ for a one-off 

device to represent at least 5% of their annual unit sales. These considerations do not apply to the general 

purpose vendors.  

What would be the main reasons NOT to launch products for 3.8-4.2 GHz in the UK? (select up to 3) 

 

Figure 14: The main reasons NOT to launch products for 3.8-4.2 GHz in the UK 

For general vendors, the other main consideration is the cost of sales efforts for a somewhat niche device, 

and the effort of testing the device with operators. Engineering, BOM and sales costs were also factors for 

the specialist vendors as well as uncertainty about how market pricing would evolve.  

When it comes to specific complexities that are perceived in the UK, there are some additional barriers on 

top of those associated with any support for a relatively niche band. The main factors, as perceived by the 

whole device sample, are tariffs, especially in the wake of Brexit, and uncertainty about whether the MNOs 

would have specific requirements. There was also some concern about how smooth approvals would be. 

Some indicated that these issues, if they materialised, would not be deal breakers in an attractive market 

but could tip the balance towards prioritising another specialist band in a less bureaucratic market. 
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Are there any specific issues that might complicate supply of product into the UK market? (tick all that 

apply)  

 

Figure 15: Specific issues that might complicate supply of product into the UK market 

For smaller vendors in particular, this market may be difficult to prioritise without more concrete forecasts 

of likely adoption. Unlike the large-scale vendors, specialists have to make difficult choices about which 

bands to prioritise for development and sales, whereas the large suppliers are more willing to support a 

very wide range of options within their broad portfolios. Two-thirds of general vendors would assign 

moderate priority to upper n77 (typically a third or fourth development within one year) but none would 

assign it first or second priority. Some specialist vendors (almost 30%) would give the band high priority if 

they were convinced of the business case, in a bid to differentiate by supporting a relatively uncommon 

option. These respondents were not guaranteeing that they would support the UK band, but said that if 

they made a decision to do so, it would be high priority (an ‘all or nothing’ approach). 

If prioritising bands to support, in 2023-4 would you expect 3.8-4.2 to take? 

 

Figure 16: The expectation of 3.8-4.2 if prioritising bands to support, in 2023-4 

In conducting this prioritisation exercise, a key decision will be whether to support 3.8-4.2 GHz for just one 

market, the UK. Most device vendors hope that the UK band will be sufficiently close to similar band plans 

elsewhere that they will be able to support 3.8-4.2 in device variants for multiple countries. 30% are 

prepared to make a country-specific device, though whether that would apply to the UK would depend on 
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the market factors listed above. Only 15% of specialist vendors, and no general vendors, would expect 3.8-

4.2 GHz to be standard across their whole portfolio. Those that would make it standard would be 

companies focused entirely on industrial and private network devices. For more general devices, and 

especially handsets, 3.8-4.2 GHz would only be included in products for a specific sub-segment – only a few 

marquee frequency bands are supported on a standard basis, and they are all fully certified Citizens 

Broadband Radio Service (CEPT) bands. 

Will support for this frequency range be standard across the product range or included in specialised 

variants, perhaps country specific? 

 

Figure 17: Will support for this frequency range be standard across the product range or included in 

specialised variants, perhaps country specific? 

In terms of the types of devices that are being targeted for the 3.8-4.2 GHz band, the general purpose 

vendors are largely remaining focused on generic devices that can be used in any sector, though some will 

develop specific products for automotive and for certain smart city applications. Predictably, the specialist 

device makers, if they choose to enter the market, will expect to have a more targeted focus on individual 

verticals with industrial/manufacturing and logistics being the lead sectors. 

Which industries do you expect to target with devices that support the 3.8-4.2 GHz band? 

 

Figure 18: Industries expected to target with devices that support the 3.8-4.2 GHz band 
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Of course, device makers are dependent not just on clearer customer demand but on the decisions of the 

chipset suppliers. The specialist device makers, which do not have the industry weight of the general 

purpose companies, anticipate more challenges in finding the right chipsets, as they are unable to generate 

enough business to sway the decisions of chipmakers by themselves. The general purpose device makers 

either have chipset agreements for this band, or are confident they will be able to secure them when they 

decide to launch a product. They will typically work with tier one chip providers that will support a very 

wide range of bands and permutations, such as Qualcomm. 

What is the status of any chipset agreement and do you expect to encounter challenges in securing chips 

for the 3.8-4.2 GHz band? 

 

Figure 19: The status of any chipset agreement and expectations to encounter challenges in securing 

chips for the 3.8-4.2 GHz band 

2.4 Summary of supply side 

In summary, Supply-side challenges go beyond the upper n77 spectrum concern. Below are some key 

challenges of the supply side.  

• Device and Chipset OEMs expect Volume Orders that cannot be met by the demand side 

• Most OEMs expect Minimum Order Quantities (MOQs) of several thousands; this is especially 

so when there is a requirement to support some esoteric spectrum range or other technical 

requirement that necessitates a change or deviation from the OEM’s core product line. 

• It is therefore important to clearly understand whether Device and Chipset OEMs see the UK 

5G shared access spectrum (and market) to be in line with their global product plans or 

whether they see it as a more ‘exotic’ edge market that requires product variants. 

• At the very least, OEMs need a clear and confident view of consolidated market demand. 

• Some of the newer, smaller suppliers appear keener to engage and supply early-stage trials 

and testbeds; it would be useful to better understand their motivation for this.  

• Who carries the R&D and volume production risk? 

• Support of MPN 5G profiles: Global handset vendors (Samsung, Apple, etc) appear to only support 

5G operation on their devices for only ‘approved' MNO’s; the device ROM seems to be pre-

provisioned to only accept and recognise the 5G profiles for those pre-approved MNOs; this often 

forms part of their commercial supply and support agreements. The underlying issue appears to be 

0

10

20

30

40

50

60

70

We have a chipset
agreement

We are yet to select a
chip but do not expect

challenges

Chip availability is a
challenge

Undecided

%
e

General Specialist Total



 

 21 

one of software/firmware development and testing of specific ENDC combinations utilised by each 

MNO, SA/NSA and other 5G network feature interworking. Device and chipset OEMs need to 

exhaustively test against a particular MNO network configuration and may need to make specific 

changes to their software/firmware to accommodate these. To ensure that their devices are not 

deployed against unsupported environments OEMs will often block their operation against untested 

(5G) networks. Device firmware in combination with SIM will lock devices to a “home” network, and 

networks that may be used for emergency call / roaming (if agreements exist). Given that volume 

creates priority, inevitably it is the major MNOs who get priority and private networks don’t. This 

issue is therefore not related specifically to n77 spectrum. For example, a device may be n77 

compliant and function perfectly well against a public mobile network in Japan but will not have 

been tested against UK MPN architecture and so the device OEM will block operation against 

unknown/untested PLMN IDs.  

• Technical support: Even without the above 5G profile issue, major handset (and chipset) vendors 

will not offer third line engineering-level technical support to just any mobile private network 

operators (MPNO) without substantial order volumes and a direct supply and support agreement. 

Even if MPNs can source devices through 3rd party resellers, the nature of the use cases and the 

level of customisation that might be required by MPNs, may require advanced (third line) technical 

support and direct collaboration with the device and chipset suppliers that MPNs cannot get 

through mere resellers. This issue is even more critical for UK industry running mission critical MPN 

applications. 

• Modems that support all possible spectrum bands do exist, can be sourced and could be used to 

build specialist MPN use cases; however, these may not be commercially viable for all use cases, 

e.g. too expensive, unwieldy or not fully supported. Also, similar volume supply and technical 

support issues may arise.  

• Radio Network Equipment often have their radio optimised for the specific frequency bands; 

hence, US or Japan n77 products would most likely need to be modified to create UK variants  

• High-Risk supplier restrictions: some stakeholders expressed uncertainty as to whether high risk 

vendors (HRV) restrictions extend to Handsets, CPEs and Network Equipment (RU) for MPNs and 

highlighted that most of the device suppliers who are most enthusiastically engaging the UK 5G T&T 

ecosystem appear to be SMEs from China and Taiwan. 

• Open RAN: Some stakeholders expressed concerns over Open RAN, related to interoperability and 

limited availability of suppliers. They see the benefits of a fully open and decomposed Open RAN in 

terms of its ability to reduce costs and vendor lock-in – but at the same time they are not confident 

where and how to source interoperable systems. So, some will (for now) quite happily consider 

Open RAN “in name only” – provided as a package system by incumbent telco vendors or emerging 

system integrators. At the same time they are concerned about commercial terms offered by these 

vendors and would support initiatives to create a “real” Open RAN for MPNs. 
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3 Demand Side Analysis  
In this section we consider spectrum licencing, market sizing, use cases and device requirements, and 

factors on the demand side that are resulting in fragmentation of the market. 

3.1 Experiences from the UK’s 5G Testbeds & Trials Programme 

The 5G Testbeds & Trials Programme, made up of over 30 separate consortium-based projects, has 

explored a large number of use cases in areas such as the creative industries, industry and manufacturing, 

transport and logistics, urban places, rural places and health & social care. Throughout the programme 

(2020– 21 especially), there have been numerous challenges in procuring suitable equipment operating in 

the upper n77 band. These challenges have caused significant delay to some projects, and a recalibration of 

what can be achieved by when. 

As of November 2021, when a status check was undertaken by UK5G, all projects that offered up 

information at a Devices Collaboration Group workshop, reported that they had moved to a position where 

they had finally been able to source adequate performant devices, in sample quantities, in order to then be 

able to move to test and demonstrate their use cases. 

Immediate high concerns over whether upper n77 band product can be sourced have reduced in the minds 

of key members of the programme. This is likely to be because it is no longer the “issue of the day”, and so 

does not of itself provide any broader certainty that underlying market challenges have been overcome. It 

does however evidence that from a technical perspective, that through 2021, a number of vendors were 

able to develop and provide performant devices, at least in small sample quantities. 

Key concerns that remain within this cohort of device experts and innovators, confirmed through the 

recent roundtable session run as part of this study, include: 

• Restrictions on viability of use cases resulting from the low power requirement on the use of Shared 

Access Licencing, especially for outdoor, rural connectivity solutions. 

• The current very high price point of devices (£200–£500) and how quickly this will change whilst 

volumes remain low (One project’s customer queries why a 5G Router costs £250, versus a 

Chromebook for £150!) 

• Whether sourcing devices from non-HRV Chinese vendors will continue to be permissible – given 

that often the best support and responsiveness has been provided by these vendors. 

• Whether vendors (especially the bigger handset brands) will provide the necessary device firmware 

and IODT support for Private Network usage, when likely volumes for MPNs are currently very small 

compared to volumes with PLMNOs.  

• The perceived commercial challenges of engaging and persuading PLMNOs to support roaming 

between their networks and private networks, when they have little or no incentive to do so. 

Device type requirements are wide and varied across the programme, but can be categorised meaningfully 

into the following form-factors: 

Device Type Description Example Use Cases Comment 

M.2 modem 

form factor 

Printed Circuit Board (PCB) 

module providing a 5G 

modem capability, that can 

then be built into a custom 

Drones, Connected and 

Automated Vehicles (CAV), 

traffic light control, industrial 

Maximum flexibility for 

custom low volume test 

applications. Ideally 

replace with off-the-
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Device Type Description Example Use Cases Comment 

device for specific use 

cases 

automation shelf, viably priced 

commercial product  

CPE/Router 

Indoor 

Standard go-to commercial 

grade product to achieve 

5G coverage in-building 

Factories, entertainment 

venues, health & social care 

venues 

 

CPE/Router 

Outdoor 

Ruggedised version of 

above 

Fixed Wireless Access, 

Logistics centres (e.g. ports) 

 

Smartphone Standard go-to commercial 

grade product for human 

users.  

Consumer and Prosumer 

applications 

Many projects have an 

expectation of roaming 

and voice support in 

their roadmaps                                                                                                                                                                                                   

Tablet with 

integrated 5G 

modem 

Highly desirable for some 

vertical market applications 

with end users. 

Access to content in a Care 

Home setting 

Use by an operative in a 

healthcare or factory setting 

Not currently available 

with reliable firmware 

(check point Nov 21 – 

this may have changed 

now).  

USB dongle Particularly desirable for 

use with AR/VR headsets 

e.g. HoloLens 

Creative consumer 

experiences, industrial use 

cases visualising Digital Twins 

This form factor remains 

hard/impossible to 

source currently 

Table 1: Summary of devices 

3.2 Market size estimates for upper n77 band devices 

We predicate that the majority of the UK demand for upper n77 band devices will be to serve the 5G 

Private Network market. At a global level, third party market research data indicators suggest that the 5G 

Private Network market is set to grow at a compounded annual growth rate (CAGR) of around 40% per year 

between 2020 and 2028. 

• “The global private 5G network market size was valued at USD 1,224.3 million in 2020 and is 

expected to witness CAGR of 39.7% from 2021 to 2028”. (source: Private 5G Network Market Size | 

Industry Report, 2021-2028 (grandviewresearch.com ) 

• NEW YORK, March 30, 2021 -- The global private 5G network market is projected to reach USD 

$13.92 Billion By 2028 according to a study conducted by Polaris Market Research; the market is 

anticipated to register a CAGR: 40.9% from 2020 – 2028. 

• IDC Forecasts the Private LTE/5G Infrastructure Market to Reach $5.7 Billion in 2024 as Demand 

from Mission-Critical Organizations Drives Early Investment. 

Whilst this provides a broad global picture of solid growth, the UK is clearly one market amongst numerous 

others, and currently as an early-stage market there are few, if any, commercial 5G Private Networks live in 

the UK right now, so the starting point for compound growth is very small. Given this context, it is wholly 

reasonable to expect vendors to only provide the market with product against viable Minimum Order 

Quantities (MOQ). 
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During the ecosystem survey that was conducted across chipset makers, device makers and equipment 

vendors, we asked them for their estimates of the number of devices that would ship with support for 3.8–

4.2 GHz band in the UK in 2025. Participants were asked for estimates for general devices (e.g. 

smartphones), for specialist devices (e.g. CPE) and for the total market. 

Generally, participants were very hesitant to estimate a market size for the UK, as most are not yet at the 

stage of firm commercial planning, or do not want to share their preliminary forecasts.  

 

Figure 20: Estimate of the number of devices that would ship with support for 3.8-4.2 GHz band in the UK 

in 2025 

The results suggest that the majority of respondents estimate the total market for upper n77 band devices 

in the UK to be in the 50,000 – 150,000 range of units per year by 2025. This provides a market challenge, 

as not only are these volume estimates low, they represent a summation of demand from across a 

potentially large number of unique instances of private networks, each requiring, probably, modest 

volumes of devices. This will likely lead to device prices remaining high for the foreseeable future, due to 

the high cost of sale for vendors to serve a large number of small volume requirements. 

3.3 Use cases and device requirements – demand side market fragmentation 

Based on the review of spectrum assignment by nation, three main categories of application for use of 

upper n77 band are emerging, each driving different device requirements: 

• Extending 5G coverage and providing consumer-oriented mobile broadband services – for example 

in Japan. This leads to a requirement for classic high-volume consumer devices such as 

smartphones, as well as lower-volume devices such as wireless laptops and tablets. 

• Provision of Industry 4.0 use cases, typically through the provision of Private Networks to factories, 

warehouses and industrial campuses – this is the UK case. This leads to a requirement for specialist 

data-oriented devices. Some use cases will continue to require consumer devices as well. 

• Provision of local area wireless broadband, into otherwise under-served communities with respect 

to connectivity – for example in Australia. Both consumer-oriented devices and consumer-oriented 

indoor wireless router devices are required to serve these use cases. 

From a vendor perspective, use cases suggested for bands such as n77 include the following: 

• Huawei: 
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• Large cell fixed wireless broadband deployments for wide-area coverage 

• Local area fixed mobile broadband deployments for small communities, local councils, mines, 

campuses and other use 

• Macro cell mobile wireless broadband deployments for local area or wide-area coverage 

• Small cell mobile broadband deployment, typically used for highly populated, indoor or other 

high-density applications as well as providing macro-cellular coverage infill 

• Motorola: Private LTE via citizens broadband radio service (CBRS) technologies and local area 

wireless broadband (WBB) (FWA) are the best uses for this band 

• Nokia: Private 5G networks 

For Industry 4.0 / Industrial 5G applications, which are most relevant to the intended use and application of 

upper n77 band in the UK via a Private Network, there are a large range of use cases expected to be served 

including: 

• Connected worker: monitoring industrial workers, collecting data and effectively communicating to 

their staff 

• IoT (sensors) data monitoring: gathering operational data from the monitoring of various sensors 

and infrastructure within premises 

• Location and tracking: ensuring safety, operational efficiency and workforce management through 

locating and tracking people, stock, tools and other business-critical assets 

• Workforce management: maximising the performance of the workforce through a set of activities, 

such as planning, scheduling, work allocation and tracking 

• Real-time control: ensuring that information received, and commands sent to devices such as 

AGVs, drones or robots are sent in as near real-time 

• Video surveillance and analytics: collecting and analysing footage and images in order to identify 

objects such as drones and vehicles or to detect accidents 

• Logistics & supply chain management: automated warehouse solutions, real-time control and 

monitoring of warehouse robots, scanning and tracking of objects 

Some of the above use cases also apply to other application areas, such as smart cities, smart buildings, 

enterprise, healthcare, transport, etc. 

This wide proliferation of use cases, and the variation of device requirements between them, creates 

additional challenges with respect to the fragmentation of market demand into various device form factors 

and different firmware configurations. 

For industrial applications, use cases and devices will often diverge from and exceed general purpose 

consumer requirements. For example, in areas such as: 

• Environmental conditions: temperature, vibration, humidity  

• Power availability, consumption, efficiency (low power IoT requirements) 

• Performance, such as data throughput or mobility 

• Extended useful and supported lifetime 
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• Resilience and reliability 

Such specialist devices will be designed and developed by specialist device designers/manufacturers. This 

strongly suggests a much lower volume market than consumer devices, and a distinct approach to product 

development, supply chain and production lines, compared to that for consumer devices, such as 

smartphones.  

Industrial clients will often require flexible 5G connection options for a wide range of industrial equipment, 

systems and network applications, such as industrial robots, industrial machinery, vehicles (ambulances, 

trucks, police cars, autonomous logistics vehicles, trains, etc), sensors, compute platforms, etc.  A particular 

type of device, identified by several 5G T&T stakeholders, that is well suited to this kind of flexible 5G 

connectivity use case is a resilient 5G-enabled Ethernet router. An example of such a product is the Siemens 

Scalance MUM856-1. This is only one example of a specialist non-traditional cellular device manufacturer, 

providing a specialist device to complement their overall end-to-end private 5G and Industrial IoT (IIoT) 

business platform. 

In addition to these specialist devices, some users of a Private Network will also require the same types of 

general-purpose smartphones and other mass market devices (such as MiFi routers, tablets, laptops) that 

are already popular by consumers and business users of public mobile networks today. The use of such 

types of devices in PLMNs around the world gives rise to very significant global economies of scale that 

drive production volumes, supplier proliferation, consumer choice and price affordability. It is highly 

desirable that Private Networks can leverage these economies of scale and choice, although a number of 

challenges exist for new entrant Private Network providers, versus the incumbent MNOs. 

3.4 Private Networks – service provider market fragmentation 

We have identified that Market Fragmentation potential exists within the UK’s limited demand-side 

landscape – between the pure-play MPNOs and PLMNOs’ Hybrid MPNs4. 

Incumbent PLMNOs have sizeable competitive advantages over the emerging MPNO and there are very 

significant barriers to entry for the latter. Whether PLMNOs chose to leverage this situation or whether 

they (again) fall victim to their own engrained organisational inflexibilities is a different question. 

1. Spectrum: PLMNOs can use their licenced spectrum; they need not rely on shared access spectrum 

and the numerous disadvantages this entails, such as (a) reduced supplier diversity, (b) potential 

interference from nearby shared spectrum users, (c) administrative and cost overhead when 

applying for a location specific licence, (d) low power restrictions, which is a disadvantage in most 

outdoor deployment scenarios.  

2. Device and network equipment availability: PLMNOs have ready access to existing volume supply 

and support agreements with all major vendors under favourable terms; their purchasing power 

also means that they are likely to benefit from significantly lower prices, compared to MPNs. 

3. SA/NSA: PLMNOs can choose to deploy early with NSA architecture; also they can deploy dual 

4G/5G solutions; both options give them a very considerable head start advantage, should they 

choose to use it. 

 

4 see Annex : Analysis of demand side market requirement divergence, for a definition of these types of network – section 8.1.4 
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4. Organisational and technical maturity: the PLMNOs have huge global engineering, support and B2B 

sales organisations that they can easily leverage; no need to build from scratch and not limited to a 

limited UK market. They also have established 3rd line technical support agreements with major 

suppliers. 

This may, at the very worst, ultimately render pure-play MPNOs competitively unviable without some 

urgent market intervention (assuming this is even considered desirable).  

In trying to examine more carefully the interplay between demand-side requirements and supply-side 

capabilities and limitations, namely 

• the varying requirements of each use case,  

• the limitations of the shared spectrum licence framework, 

• the fit of the pureplay MPN architecture(s) to each use cases and the system requirements, 

a pattern emerges, suggesting that the overall UK MPN market may be fragmented into at least six (6) 

smaller market segments, each of which is likely to be best served by a different type of UK MPN service 

provider. The six segments5 we have identified are: 

1. Industrial Islands 

2. Corporate 

3. Blue Light Services 

4. Multi-tenant Buildings 

5. Multinationals 

6. Local Government 

Only one of these segments (Industrial Islands) can be well served with use of upper n77 band spectrum, 

with two other segments (multi-tenant buildings and local government) being also possible, with some 

challenges. This leads to the conclusion that within the UK market, demand for MPN solutions using n77 

spectrum will be constrained. 

3.5 Analysis of demand side market requirement divergence 

A number of indicators of broad market fragmentation on the demand side have been identified, which go 

well beyond the UK spectrum question; in summary market fragmentation is affected by the following 

elements of divergence across the demand side, 

• Divergence on private network spectrum – between public and private networks in the UK and of 

shared access spectrum across Europe  

• Range of use cases for MPNs  

• Divergence on device requirements, stemming mostly from variation of use cases and industry-

specific requirements  

• Divergence on architecture and system requirements between the two main types of UK MPN 

Service Providers (SPs)  

 

5 Further details of these six segments are provided in the Annex: UK MPN market fragmentation. 
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• Divergence on Type Approval from the EU market  

More detailed explanations of these items can be found in Annex : Analysis of demand side market 

requirement divergence.  
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4 Summary of the challenges, impact analysis and potential remedies 
The study has identified several issues in the ecosystem formation and in the value chain. These have been 

discussed in some detail in the previous sections and are summarised in section 4.1 below, providing also a 

comparative impact analysis, based on stakeholder inputs and our understanding of the market dynamics. 

In section 4.2 we outline potential remedies that could be considered. 

4.1 Impact and interdependence of the main challenges 

The study has identified diverse issues in the ecosystem formation and in the value chain, extending well 

beyond the original study brief of device availability on the upper n77 band. Having captured several 

challenges from the 5G T&T workshop, we then allowed ecosystem stakeholders themselves to consider 

the impact of each on their business and the market as a whole; we have then ranked the issues based on 

their mean impact score, on a scale of 1 to 5, with 5 being the highest impact. From this analysis, it has 

emerged that:  

• of the issues originally considered and/or identified – the challenge with the highest impact on the 

market is the lack of volume demand for devices 

• conversely – the original hypothesis of this study, that silicon or device OEM hardware availability 

was the main market challenge – has ranked at the bottom of the table. 

• all of the issues examined were recognised as valid concerns by the ecosystem players, with mean 

impact scores ranging from 2.6 to 3.6 

• none of the original 10 hypotheses was altogether dismissed by stakeholders and none stood out as 

uniquely critical  

 

 

Figure 21: Ecosystem stakeholder’s view: the impact of key issues identified on their business and the 

market as a whole 
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Based on a split of supply and demand challenges (see Figure 22), we can see that these do not singularly 

relate to the supply or demand sides of the equation, but more worryingly, they permeate the value chain 

at numerous areas; this can be indicative of a broader early market issue. 

 

Figure 22: Supply and demand side challenges 

Furthermore, we analysed whether any of the identified concerns and challenges were inter-related. With 

this in mind, we built a dependency diagram that attempts to explore such interdependencies (refer to 

Figure 22). In this diagram we included a more nuanced view of some of the concerns identified during the 

stakeholder engagement – where appropriate decomposing wider challenges into some of their 

components. 

Systemic challenges are indicative of an early-stage market and they coalesce around four main areas, 

• volume demand (order quantities) 

• value chain fragmentation  

• system testing for operational readiness 

• the shared access spectrum licence framework 

Central to many issues facing this market today is business volumes and order quantities. This emerges as a 

critical theme driving several other major challenges, especially for smartphones – and to a lesser extent for 

CPEs and modem modules. That is to say, it is unclear to most suppliers what levels of business volume 

they can expect, where this will come from and when.  
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Figure 23: Interdependent challenges 

This volume issue is exacerbated by demand fragmentation between networks operated using licenced 

spectrum acquired by PLMNOs and shared-access spectrum networks and a proliferation of market 

segments, use cases, device requirements, system requirements and system architectures on the demand-

side. Indicative of an early market, there is a proliferation of device suppliers, network equipment suppliers 

and prospective MPN service providers with different levels of maturity and product readiness. This in turn 

creates confusion from a demand-side perspective and further fragments an already low market demand 

across multiple product suppliers and product variants at the supply side. Volumes in turn drive suppliers’ 

pricing and investment decisions around technical support resource, type approval overhead, 

homologation testing. 

With these findings in mind, we concluded that, while a piece-meal approach to remedy some of the 

highest impact challenges individually may yield some good results, it may not be the optimal way to 

address the overall market issue of how to accelerate the ecosystem out of these complex interdependent 

early market predicaments; rather a big-picture approach would better address several common themes 

together, taking the shape of an MPN “ecosystem support” strategy to drive market acceleration 

initiatives. This theme of potential remedies is further explored in the following section 
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4.2 Summary of recommendations for potential remedies  

Throughout the previous sections 2, 3 and 4.1 of this report we have examined key issues impacting the 

UK’s MPN ecosystem and where appropriate we have proposed remedies for each of these issues and 

intervention options that could improve the situation. Some of these remedies were proposed by 

ecosystem stakeholders and some are developed based on our market knowledge; the table below 

outlines: 

• Potential challenge, 

• the options available to resolve each challenge,  

• the potential timescales for benefit realisation, 

• the associated risks and obstacles for these options and interventions,  

• risk mitigation options for the risks identified above 

These are summarised in Table 2 below.  

# Potential 

challenge  

Options available to resolve  Timescales  Risks  Risk mitigation  

1 Spectrum 

divergence from 

US CBRS and EU 

SA and between 

UK PLMNOs and 

MPNOs 

1) Try to leverage Japan n77 

and USA C-Band device 

market(s) and large 

suppliers 

 

2) Support and influence 

emerging CEPT shared 

access band harmonisation 

initiative 

 

3) Align UK SA band with EU, 

USA CBRS band and other 

regions, to benefit from 

global economies of scale 

1) 12 months 

to adjust US 

and JP 

products 

 

2) 2+ years, 

subject to 

CEPT process  

 

3) 3+ years; 

lengthy Ofcom 

spectrum 

consultation  

1) Divergent Japan 

& USA product 

specs; JP & USA 

suppliers not 

engaging UK 

market 

 

2) A lengthy 

international 

process, which 

may not favour 

the UK’s choices 

 

3) There may be 

little buy-in for 

this process and it 

will take 2+ years 

1) A trade 

mission to Japan 

& USA. A specific 

analysis of (at 

least Japan 

product) could 

yield 

opportunities 

for relatively low 

effort software 

and product 

qualification 

changes. 

 

2) Steer UK 

influence on 

relevant CEPT 

initiatives 

 

3) Some MNOs 

might welcome 

a wider 

spectrum review 

to consolidate 

contiguous 

spectrum bands. 

This is viewed as 

an unlikely 
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# Potential 

challenge  

Options available to resolve  Timescales  Risks  Risk mitigation  

scenario given 

that spectrum in 

3.6GHz to 

3.8GHz is 

already 

auctioned in the 

UK. 

2 Order volumes 

don’t match 

device vendors’ 

volume order 

expectations  

Suppliers have little idea of 

who deploys MPNs at scale. 

Help buyers and sellers find 

each other through some 

form of virtual marketplace 

or brokering service 

(especially for CPEs).  

Consolidate market volume 

forecasts and/or prepare a 

detailed market sizing and 

product requirements 

report.  Increase 

government investment in a 

broader market creation 

initiative; raise consolidated 

volume orders on behalf of 

the whole market. 

~6 months to 

engage 

demand & 

supply sides 

and conduct a 

market review; 

12+ months to 

get products 

out of the 

supply chain 

Demand side may 

not engage 

meaningfully in 

this initiative due 

to confidentiality 

concerns.  

Supply side may 

not find the 

initiative, or the 

data produced 

compelling 

enough. 

Ensure 

confidential 

treatment of 

demand side 

requirements & 

forecasts; 

publish only 

consolidated 

market views. 

3 Fragmented or 

unclear use cases 

and device 

requirements 

As above, present a 

consolidated view of 

product requirements and 

use cases and guide demand 

side to harmonise product 

requirements down to a 

handful standard types 

6-12 months  As above As above 

4 Order volumes 

don’t match 

chipset vendors’ 

volume order 

expectations 

As above, consolidating 

chipset type volume across 

several product types. 

12-24 months 

to account for 

chipset lead 

times  

As above As above 

5 Lack of 5G 

support for 

MPNs and small 

MNOs by major 

This is largely dependent on 

the volume order issue 

above. 

Initiatives above to 

6-12 months  As above As above 
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# Potential 

challenge  

Options available to resolve  Timescales  Risks  Risk mitigation  

device vendors  consolidate supply volumes 

will help. 

6 Third line 

technical support 

(ie IOT, 

parameterisation, 

etc.) for MPNs 

and small MNOs 

This is largely dependent on 

the volume order issue 

above. Applies mostly to 

consumer volume devices. 

MPNs could focus on 

working with industrial CPE 

specialists. 

12 months As above As above 

7 Divergence on 

architecture and 

system 

requirements 

between 

PLMNOs and 

MPNs (eg SA, 

NSA, voice) 

Specify and test common 

MPN system architecture(s), 

learning from JOTS neutral 

host initiative. 

2-3 years PLMNOs and 

other major 

players may not 

meaningfully 

engage, rendering 

the exercise 

largely pointless 

Provide funding 

and other 

incentives to 

ensure 

engagement and 

engage serious 

commercial 

actors (BAI, 

Cellnex,  

Freshwave,  

DenseAir etc)  

8 Complications 

related to 

roaming between 

public and 

private networks 

As above 36 months  Alignment of 

commercial 

incentives 

between PLMNOs 

and MPNs and not 

just technical 

compatibility. 

As above 

9 Uncertainties and 

concerns 

regarding High-

Risk Vendor 

supplier 

restrictions and 

security   

Some MPNs could be in 

critical national network 

categories. DCMS is advised 

to clarify if it has a position 

on Taiwan and High Risk 

Vendors.  

6-12 months 

assuming 

some 

consultation 

must precede 

any 

announcement   

Some security 

conscious MPN 

clients may 

themselves reject 

high-risk suppliers  

Take devices and 

network 

equipment 

through 

government 

approved 

security testing 

10 Open RAN risks 

related to 

interoperability 

and limited 

availability of 

suppliers  

1) Establish or support Open 

RAN IODT testing facilities in 

the UK, with an MPN focus.  

2) MPNs can use any 5G 

system. They are not limited 

to Open RAN.  

12 months Without a 

flourishing Open 

RAN supplier 

market high prices 

and vendor lock-in 

may hamper the 

Keep pushing 

supplier 

diversification 

initiatives, 

especially 

around IODT 
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# Potential 

challenge  

Options available to resolve  Timescales  Risks  Risk mitigation  

chances of smaller 

MPNs 

and maturity 

testing  

Table 2: Summary of key issues and remedial actions 

 

Further notes on individual line items from the table above 
(1) Spectrum allocation of upper band n77 is not the significant issue, from an RF hardware level, as it is very 

close to n78, and chipset and device vendors report that they can readily design one product that works 

across multiple bands. Economies of scale help here, as even if n77 volumes are small, they benefit from 

the economies of scale on other bands such as n78. Key inhibitors are ENDC and new (open) RAN 

interoperability testing (both are software matters) and type approval (which is a cost issue of 50-100K). 

Most of the issues are related to volume, it will only be resolved if volumes are higher. 
(2) For CPE customer order of 1,000-1,500 is reasonable.  For UE, customer order of 50-100K is reasonable 

where vendor effort is required on eg interoperability testing or special software features. However, for a 

truly viable business, a vendor needs to see this level of orders from multiple customers 
(4) End users don’t have visibility of chipset issues etc. 
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4.3 Key themes of recommendations for an ecosystem support strategy  

The remedies and recommendations listed above would go some way at improving the situation. 

Furthermore, as explained in the previous section, the discovered complexity of the issues facing this 

market, have led us to go a little further and to weave together the various threads to propose a more 

consolidated strategy. We have therefore highlighted 4 themes to consider when formulating this 

ecosystem support strategy, 

• Market formation  

• Architecture harmonisation  

• Lab testing  

• Regulatory  

Each of these four themes is discussed in the sub-sections that follow. The recommendations themselves 

are highlights in bold magenta text. 

4.4 Supporting the market formation  

In summary, 

• The biggest issues identified in this study are related to current low volumes and a general lack of 

confidence or clarity. This is not unique to the UK. 

• Early-stage market dynamics can explain this and the proliferation of (device and network) 

equipment suppliers and MPN providers alike. Most deployments are just small-scale trials, with no 

clear or immediate prospect of commercial exploitation at scale. 

• Commercially viable use cases drive device volumes. Concerns from some suppliers about the 

commercial viability of some 5G T&T use cases reflect the UK’s overall market appeal to suppliers. 

• Some suppliers and MPN service providers seem to have a hard time finding and ‘matching' each 

other; especially some of the smaller, newer ones or some suppliers without UK presence.  

• This challenge is compounded by market fragmentation, due to diverging device and volume 

requirements on the demand side and product offerings and order volume expectations on the 

supply side. 

• For the supply chain to confidently grasp the size of the UK upper n77 MPN market (segment) and 

the benefits of engaging it, they need to understand a consolidated and definitive set of market 

requirements and most importantly volume demand 

• Interventions therefore need to focus on creating a vibrant demand side, and measures to increase 

the confidence of the supply side that the UK MPN market is an attractive one with a sizeable and 

viable addressable market. 

Challenges around volume demand and demand fragmentation, leads us to consider whether market 

formation emerges as an overall gap, and an area where DCMS could support the broader UK ecosystem.  

• Consolidation of use cases and device requirements would reduce the impact of fragmentation 

and help improve order volumes. An initiative to harmonise market requirements and 

consolidate volume demand, with government investment in a broader market formation 

initiative, would benefit the overall market to find its feet. First to define a clear, common, 

complete, and unambiguous set of consolidated market & product requirements. Secondly, to 

consolidate volume for each product type and use these findings to engage global suppliers 

[Recommendation 1].  
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• Consolidation initiatives should also address architecture divergence [Recommendation 2]. This is 

detailed in section 4.5. 

To be successful, this initiative would need the MPNOs’ full and wholehearted engagement. Without this, 

there is a risk that (i) at best we capture only a lowest common denominator of the UK’s market’s 

requirements and (ii) at worst we just end up with a white paper; neither will carry any weight, capture the 

interest of the supply chain or translate onto specific product specs and volumes that hard-nosed OEMs 

expect and would engage with. Further findings reveal that, 

• Some service providers consider their system requirements and system architecture to be part of 

their competitive advantage and a well-guarded commercial secret, so would not be willing to share 

them; this could obfuscate any (DCMS) attempt to support such market requirement consolidation 

and market creation efforts. A way to mitigate this concern could be to ensure that all demand-

side inputs are treated in strict confidence and only consolidated information is shared with 

suppliers. [Recommendation 3] 

• Some stakeholders suggested a consolidated procurement initiative – i.e. the demand-side players 

working together to (somehow) raise consolidated, collective volume purchase orders on behalf 

of the whole market, to ensure meaningful volumes and supplier engagement and to drive down 

prices. [Recommendation 4]. One stakeholder went even further, proposing that it should be BEIS 

to raise consolidated multi-million £ orders with suppliers. 

There has been discussion around helping suppliers and buyers find each other. Some stakeholders 

suggested that the market would benefit from additional initiatives to more actively signpost, convene 

and match-make suppliers to buyers [Recommendation 5]. Within the constraints of our stakeholder 

community, the concern was mostly around locating a ‘suitable’ device OEM, meaning a device that works, 

is commercially available and can meet functional requirements. Conversely, OEMs often struggle to 

identify a ‘suitable’ buyer of devices, meaning one that has a credible business case and can raise volume 

orders. Any initiatives to signpost and/or matchmake viable device OEMs to viable buyers (and vice versa) 

would help in this predicament. In general, there is no immediate clarity about who is who and who is 

doing/selling what.  

Beyond the immediate 5G T&T stakeholder group is the broader MPN buyer community (industry and 

enterprise). Again, a similar picture emerges. There is little clarity about who is really in a position to buy a 

MPN and who is really in a position to deliver and support one and how best to signpost and matchmake 

supply with demand. The Digital Catapult, UK5G and Real Wireless are recently engaged on an MPN 

industry landscape review, targeting mostly a demand-side readership; this would go some way towards 

addressing this gap [Recommendation 6]. However, market formation support efforts need to stretch 

well beyond reports, publications, events and supplier directories [Recommendation 7].  

Other concerns that are negatively impacting demand-side confidence and therefore volumes are,  

• Price: the cost of 5G devices is too high compared to their 4G equivalents. Some vendors posit that 

this is simply an early market issue that will soon be no more – evidencing the fast drop in prices of 

5G smartphones in recent years. This price drop is not however evident in CPE devices (modem 

routers and modules), which are the mainstay of the MPN device requirements today and prices of 

5G CPEs and modules can range from double to 10 times the price of a 4G equivalent. There are 

some views that this differential may be compounded by spectrum divergence (3.8 – 4.2 GHz) and 

low volume orders.  The price concern could be partially addressed through consolidated 

procurement initiatives discussed above and should naturally improve with time as the industry 

emerges out of early-market phase. 
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• Regulation, namely challenges around the licencing framework limiting adoption of the upper n77 

shared access band (see section 4.7) 

Addressing price and regulation should help unleash higher volume business cases and create a virtuous 

circle of demand and supply.  

Finally, and perhaps most importantly, it is notable that a recent study highlighted that the market expects 

local and central government together to be responsible for nearly a quarter of the private network 

market adoption by 2025, while transport is an additional 11%, Hospitality and Healthcare 9% and Utilities 

and Energy 9%. So, in total, government is directly or directly responsible for over 50% or MPN adoption 

[6]. 

 

Figure 24: Installed base of private small cell networks by vertical sector 2025 [7] 

If this is indeed the case in the UK, then the DCMS, Department for Transport (DfT), Department of Health 

and Social Care (DHSC), Department for Business, Energy & Industrial Strategy (BEIS) and the Department 

for Levelling Up, Housing and Communities all have a clear and critical role to play here in consolidating 

public sector demand and using this combined buying power to drive healthy volumes for UK MPNO and 

service providers and therefore device and equipment OEMs [Recommendation 8]. This recommendation 

is also in line with recommendations made in the front door service report. One quick-win approach to 

consider, could be to launch one scalable public-sector project (regional or national) and use this to 

accelerate market scale on the n77 SA band [Recommendation 9]. If one or two of the 5G T&T funded 

MPN projects can be supported to find commercial success at scale on n77, then that could make things 

even faster and could continue to demonstrate real tangible benefit extracted from the 5G T&T investment. 

Clearly, defining the success criteria and selecting the right project alone would be a sizeable project to 

deliver, even before a single device could be ordered. 

4.5 Architecture harmonisation 

Even within the cohort of pure-play MPN operators (i.e. excluding virtual and hybrid private networks), our 

stakeholder engagement discovered evidence of fragmentation of functional and system requirements 
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and therefore system architecture choices to be made by MPNs, depending on their use cases. These can 

affect not only their choice of devices, but have wider interoperability, testing and support implications, 

• If Private Networks a) need only provide data-only services and b) do not need to offer roaming to 

PLMNs, then some vendors’ standard CPE products can more readily meet Private Network 

requirements using standard product offerings. Serving this “lowest common denominator” 

standard MPN market requirement makes business sense for CPE vendors if a) minimum order 

quantities are 1-1.5K+ and b) the total addressable market for standard product is ~100,000 product 

per year and upwards. 

• However, some customers may require custom features (e.g. Hutchinson Ports) – this adds a lot of 

incremental cost and isn’t justified by the current small volumes per customer. 

• If Private Networks wish to support voice with smartphone UE devices, then new issues arise. Brand 

vendors (like Apple and Samsung) will not engage for volumes less than ~1M and ~100K 

respectively. This drives Private Networks to look for open market low/no brand UE devices. 

Typically, these vendors are based in China or Taiwan. Although these smaller vendors are nimble 

and offer flexible support, concerns may exist around long-term support and being reliant on small 

vendors for critical business functions – such as factories, hospitals etc. 

• If Private Networks wish to support roaming to PLMNs, there is the additional challenge of how to 

achieve this. There are two main options:  

• roaming agreement with MNOs. However, MNOs have no commercial motivation to enter 

into agreement with small and perhaps multitudinous Private Networks. If this is an industry 

wide requirement, then MNOs and MPNs may benefit from working together to define a 

common architecture that can make this possible [Recommendation 10] 

• use a dual SIM or e-SIM approach; this is not true ‘roaming’ as the user must select which 

network they wish to utilise manually, and handover from one network to the other is not 

possible. 

• Most 5G T&T networks today use SA architecture. Major device brands and chipset vendors focus 

resources on testing with public network operators (their incumbent clients who also represent the 

vast majority of volume business for them) – using the NSA architecture. Support for SA was often 

built into the device but disabled by the OEM, as testing of SA was not then a priority and was often 

not completed. Conversely, some early-adopter commercial MPN service providers use 4G (not 5G) 

for several MPN applications; so, it is quite possible that the latter might opt for NSA once they 

upgrade these 4G systems to 5G. Overall, there is no common approach across the MPN service 

provide landscape. There may be some “economies of scale” benefit in agreeing a common SA/NSA 

architecture [Recommendation 11], although this has not emerged as an explicit requirement from 

stakeholders during this study. 

In general, we have observed some fragmentation of functional and system requirements, across MPNO 

players, and therefore of the most appropriate system architectures to meet those requirements. Based on 

discussions so far, we can reasonably expect that there may well be different types of architecture that are 

best suited to different types of use cases and that a few standardised template architectures could and 

should be defined, agreed, developed and tested [Recommendation 12]. This will give service providers 

and suppliers a common language that describes their type of network and follow these agreed and tested 

templates when building and buying solutions.   
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Should the market decide to harmonise on some of these areas, it would make it easier to engage system 

suppliers, service providers and end-users alike. An example of such a successful architecture 

harmonisation initiative, familiar to and mentioned by some stakeholders, is the UK’s JOTS Neutral Host In-

Building (NHIB) specification, which was formulated as a collaborative effort between UK MNOs and the 

small cell vendor and neutral host communities. This went beyond 3GPP standardisation – to define and 

enumerate several architecture options around security, IP connectivity, spectrum, etc. It is by no means 

perfect, but an example of how one could structure a similar MPN initiative – or possibly treat MPN as an 

extension to the current JOTS architecture – given the emergence of hybrid system architectures that 

support multiple neutral host networks combined with a private network on the same system. This could 

be one avenue to explore further [Recommendation 13]. 

4.6 A world beating test and interop service 

The compounded complexities of Open RAN interoperability, proliferation of device and network suppliers, 

global spectrum variations, architecture divergence between MNOs and MPNOs and between MPNOs (as 

framed in section 4.2.2) combined with the low perceived business volumes seen today, means that MPNs 

place a very substantial additional IODT overhead on the whole supply-side ecosystem, with little business 

case justification to meet it. There is a very significant gap (and a barrier to commercial deployments) here 

that must be addressed. Now that the market has moved from demo to pre-commercial testing, DCMS 

support needs to move in this direction. This is an opportunity for the DCMS 5G T&T programme to step up 

from early proof of concept trials and demos to establishing and/or financially supporting a full telecom-

grade “open networks” IODT lab across the 5G ecosystem, with an initial focus on MPNs. This is also 

helpful to the overall supply diversification initiative. The exact technical and business requirements of 

this lab must be established through broad ecosystem consultation and engagement, and this could very 

well become the successor to the current 5G T&T and SONIC programmes. [Recommendation 14] 

There are several interrelated testing themes and requirements identified, which such a lab would address, 

• open RAN IO(D)T – as most pure-play MPNs are looking to use some form or another of open RAN 

• device software lab testing, network IO(D)T, ENDC testing etc – this is usually carried out in the big 6 

vendor labs, and their priority is clearly not to support UK open-RAN MPNs.  

• several diverging architectures, including SA/NSA 

• MNO roaming and general MNO interoperability, where required, 

• Security; there could be synergies with the National Telecoms Lab 

• functional, reliability and resilience testing – potentially an independent trusted party, that can 

outsource acceptance testing for clients and buyers 

Any lab that might be proposed to be used for this purpose must have the trust and confidence of the 

silicon, device and network vendors using it; this is not just the lab facilities, but also the experience and 

skills of the engineers in the lab, not just creating more labs. One global vendor representative was clear 

that SONIC, MNO labs or other 5G T&T labs did not meet their device IODT requirements. Clearly, all 

influenced vendors must be consulted and fully engaged for such an initiative to be successful; 

furthermore, if such a lab is successful it could end up paying for itself as a commercial entity over time 

[Recommendation 15]. 

4.7 Regulatory remedies 

A handful of the more operationally advanced and commercially minded service provider stakeholders have 

been quite vocal in their feedback with respect to the shared access spectrum licencing framework and 
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have proposed some interventions and improvements. Overall, it was easy to get the impression that most 

MPNs may have not yet fully engaged with the n77 shared access spectrum and its licensing framework in 

anger, so some of this feedback could be premature or incomplete. 

The main concern is that, if the shared access licensing framework is not considered fit for purpose by its 

prospective users, then pure-play MPNs would find themselves, at worst, with an unviable business model 

and walk away from the UK market, or, at best, even more substantially disadvantaged compared to virtual 

and hybrid private networks operating over licenced spectrum. 

Therefore, the overall recommendation here is that now that more service providers have moved closer to 

pre-commercial testing, a more inclusive focused consultation should be held to fully understand their 

concerns and any specific proposals for improvement here. [Recommendation 16] 

More granular feedback and recommendations are provided in the subsections below. 

4.7.1.1 Calls for a higher Power 

A couple of service providers raised concerns about the low and rigid power (in terms of Effective Isotopic 

Radiated Power or EIRP) limitations6 applied to the shared access band – which they feel is not sufficient for 

some applications, especially outdoors. With MPN providers attempting to build networks in campus 

environments, rural community broadband, rural and farming estates, ports, airports and other innovative 

applications, there is concern that shared access licence limitations are limiting the TAM of MPNs operating 

on shared access spectrum and that this in turn creates a vicious circle to volume demand.  

• An observation from neutral host providers that we would support is to consider a comparative 

assessment of the German regulator’s approach to local licensing of the 3.7-3.8 GHz band, which 

is based primarily on land ownership. [Recommendation 17]  

• An alternative spectrum usage rights (SUR) approach to spectrum management was explored by 

Ofcom in 2006 [8]. A similar approach to SUR could be (re)considered for the upper n77 band (or 

part of it thereof), rather than a hard EIRP limit based simply on urban or rural land use. 

[Recommendation 18] 

Some combination of these approaches should allow use of higher EIRPs where there’s significant 

economic/social benefit and little interference risk, e.g. for mobile WANs or FWA, in mines, ports, airports, 

large private estates, rural towns and villages, large retail centres, large hangar-like industrial buildings, 

community broadband, hospital and academic campus, etc. 

The power concern could also indicate that there may be an element of service providers seeking to use the 

upper n77 band for use cases it was not originally intended for. Any industry consultation around this 

band should probably then either seek to clarify any such misconceptions or make changes to enable 

(some of) these use cases [Recommendation 19]. 

4.7.1.2 Embrace CEPT Harmonisation 

With Germany leading MPN impetus on spectrum and adoption initiatives in Europe and some other 

European countries following, and with an emerging EU initiative for CEPT harmonisation of the 3.8-4.2GHz 

band [9] – some UK stakeholders feel it important to harmonise at a European and Global level on 

 

6 namely for low power, an EIRP of 24 dBm per carrier, for carriers ≤ 20 MHz; or EIRP of 18 dBm per 5 MHz for carriers > 20 MHz; 

for medium power, EIRP of 42 dBm per carrier for carriers ≤20 MHz; or EIRP of 36 dBm per 5 MHz for carriers > 20 MHz 

https://www.ofcom.org.uk/consultations-and-statements/category-1/sur
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spectrum, as this will only serve to broaden the demand and supply of devices and RUs in the 3.8 to 4.2 GHz 

spectrum.  

• France is also now moving to allocate parts of n77 (3.8 to 4.0) for industrial use [10]. The impression 

given by one or two pioneering MPN and neutral host providers was that a focus on 3.8-4.0 GHz is 

an agreeable trade-off and that 4.0 to 4.2GHz may not really be needed for capacity.  

• It is felt by some n77 users that divergence from the German shared Access spectrum (3.7-3.8GHz) 

is a competitive disadvantage for the UK. It has been proposed that further band harmonisation 

across EU and globally could create a more competitive market for the shared access band, which 

should hopefully drive volumes up and prices down.  

In conclusion, the UK is urged to wholeheartedly embrace and influence CEPT harmonisation initiatives 

to maximise the benefits to the UK’s shared-access ecosystem – for suppliers and end-users alike. 

[Recommendation 20] 

4.7.1.3 Fine tune the spectrum application framework 

A few requests to fine tune and improve the current Ofcom shared access spectrum licencing framework in 

the 3.8 to 4.2GHz band have been made, specifically focusing on, 

• Spectrum clearance of the band 

• Allowing applications for a specific sub-band and/or centre frequency 

• Improvements to the radio propagation analysis tools, the base station parameter database and the 

overall application process, including decision traceability and appeals 

• Remove the risk of Ofcom revoking individual base station licences or need to retune stations. The 

main concern here is that Ofcom reserve the right to give notice to n77 users requiring a move into 

another part of the band. The cheapest way to “relocate” would be via software retune of 

wideband hardware – otherwise RU swap out in the network is needed. Although we don’t find 

spectrum to be the highest factor there’s clearly an issue here that needs to be articulated as it has 

CAPEX/OPEX/risk management implications for those that choose to operate in the band. 

• there is a view that Ofcom’s assessment of spectrum demand, as evidenced by the number of 

licence applications, is an underestimate; the reason being that the current application process and 

aspects of the overall licencing framework are overly onerous and acting as bottlenecks to demand. 

Automating and fine tuning the process and softening some of the restrictions is expected to 

unleash further demand. Improvements to the current manual application and evaluation process 

would be necessary to unleash demand and speed up adoption [Recommendation 21]. 

As we did not have the remit or time to delve deeper in these areas, the overall recommendation is that 

Ofcom should continue to engage closely with interested industrial users of this band to ensure that their 

key concerns are addressed, and that detailed recommendations can be produced and implemented. A 

specific forum could be established inviting prospective spectrum users and other impacted ecosystem 

players to advise on how best to make the shared access more commercially viable and/or to propose 

and implement viable solutions, including for automation of key processes.  [Recommendation 22] 

4.7.1.4 High Risk Vendors (HRV) 

There is some stakeholder uncertainty over the UK’s position on MPN vendors based in China or with 

supply chain links to China. HRV policies for PLMNs are in place, if industry sectors increase utilisation of 

PMNs will equivalent restrictions emerge? Will new vendors be added to the HRV list, thus reducing the 

available choice of vendors, and whether or not it is a sensible business strategy or not for business or 
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industry to rely on small vendors with little or no operations in the UK. The Telecoms Security Bill 2021 is 

silent on this matter; however, stakeholders in the MPN sector foresee critical national use cases for MPNs. 

Thus, there is uncertainty introduced; if PLMNOs are required to take care of such a matter, why would the 

UK Government not take a similar policy position for their sector. 

DCMS should determine and communicate the policy position on HRV with respect to infrastructure and 

devices required in the n77/private networks market. [Recommendation 23] 

Alternatively, or additionally, government could provide or support a scheme where devices and network 

equipment used for mission critical business and industrial applications can be independently assessed 

and tested for security vulnerabilities through a government- or industry-approved scheme 

[Recommendation 24]. This would be considered essential for networks and devices used in defence, 

energy, water, transport, and healthcare sectors. This role could be performed by the National Telecoms 

Lab or other specifically established labs, as discussed in the previous section. 

Government might also consider interventions that encourage the establishment of UK-based CPE 

vendors for Private Networks where business resilience is a key consideration [Recommendation 25]. 

Due to the common design approaches detailed above, such vendors would also have opportunities to sell 

product into global markets both for n77 and for other bands including n78.  

4.7.1.5 Avoidance of divergence on Type Approval from the EU market  

Analysis of demand side market divergence (see Section 3.5) detected a risk (not yet materialised) that is 

stemming from supplier doubt about the continuation of the CE mark being sufficient to import devices 

into the UK, and the interdependence with the UK Conformity Assessed (UKCA) mark. Whilst 

acknowledging this issue is broader than n77, it could compound UK market specific requirements. Even a 

requirement to add a new UKCA mark on product labels will carry cost overhead in production, divergence 

in product requirements will necessitate NRE in product engineering, a potential barrier to market for 

device suppliers. This was clearly indicated as a risk by stakeholders and should be noted. To reduce the risk 

of a cost increments that may suppress buyer choice and market growth Government should avoid UKCA 

divergence from CE in the telecoms equipment market [Recommendation 26]. 

4.8 Accelerating the market 

This report was originally conceived as a study on the challenges facing the availability of chipsets and 

devices in the upper n77 band. Having discovered that this is not the main issue but that there are wider 

structural issues facing the nascent industry, we have gone beyond this to highlight some of the other 

challenges that appear to be more critical. Within the constraints of the current project, we have generated 

a number of recommendations. Whilst not claiming a fully comprehensive list of answers, we have 

certainty in providing the start of a meaningful and productive exploration of how best to support the MPN 

market, as it emerges from ‘explore’ to ‘exploit’. 
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Figure 25: Emerging from ‘explore’ to exploit’ [11] 

This imperative is particularly pertinent, given the predicted market adoption levels of MPNs by 

government and related public sector organisation, as discussed in section 4.2.1. 

The initiatives proposed in this report span the complete value chain and across several government 

agencies, and so would benefit from a level of co-ordinated orchestration and drive. Such an initiative could 

be a good fit for the proposed front door service and would be in line with some of the recommendations in 

the recent Real Wireless study for DCMS. Establishing an MPN accelerator task force within the front door 

service could be a suitable instrument for this; it could have the specific remit of supporting and 

accelerating the development of a mature and successful MPN ecosystem and market in the UK, to drive 

healthy demand across the public and private sectors and a robust and competitive supplier landscape. 

[Recommendation 27] 

The main objectives of the task force would be to, 

• consolidate all direct and indirect government-influenced demand actors,  

• drive sustainable commercial success for UK ecosystem players, in the UK and globally, 

• further validate, socialise, detail and implement the recommendations in this paper and beyond  

The task force membership would bring together stakeholders from across the supply and demand sides of 

the MPN market who would contribute their efforts pro-bono, and also relevant government departments; 

it could be headed by a respected figurehead and with a small number of staff of contractors. It could be 

organisationally modelled on the small cell forum or UK5G. To attract the necessary attention and 

engagement across the value chain (demand and supply sides), it would be launched as a specific industry 

initiative by DCMS at a major industry event. 
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5 Annex: UK MPN market fragmentation  
This section provides further details to UK MPN market fragmentation and six (6) smaller market segments, 

identified in section 3.4. 

The six segments we have identified are: 

1. Industrial Islands 

2. Corporate 

3. Blue Light Services 

4. Multi-tenant Buildings 

5. Multinationals 

6. Local Government 

The following sub sections explain the six segments in detail. 

5.1 Industrial Islands 

Industrial Islands are single-site industrial, manufacturing and logistics operations, primarily for indoor 

usage, except for large logistics, industrial and utility sites which additionally require outdoor operation eg 

at a depot, outdoor plant, etc. Prime focus is on data-only connection of machinery and sensors to the 

private network. 

Upper n77 band spectrum is suitable for the indoor applications, but may not be as suitable for outdoor 

applications due to the low power requirements of shared access licencing.  

Characteristic Details 

Target Market focus Industrial, Manufacturing & Logistics sites  

Use Cases & Services Industrial Automation applications (Industry 4.0) 

Devices Ruggedised, industrial-grade modem routers, IoT hubs, modem boards and PCIE 

cards for integration into industrial machinery  

Spectrum Upper n77 band (3.8–4.2 GHz) shared access spectrum, as per Ofcom licence 

Technology Pure 5G SA 

Best Served By Pureplay MPN. Emerging 5G MPN service providers Cellnex, AWTG, AQL, Siemens, 

Thales, AWS, Ocado Solutions, in-house ICT teams (e.g. Ford, Nissan, port 

authorities, etc) 

 

5.2 Corporates 

Corporates are large organisations that require nationwide coverage at and between multiple sites. Both 

voice and data services are typically required. Corporates such as Banks and large PLC’s have increased 

requirements for security, confidentiality and control of communications. A MPN would be an extension of 

the corporate LAN/WAN. 

Upper n77 band spectrum is not suitable for this segment, due to the need to provide wide geographical 

coverage. 
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Characteristic Details 

Target Market focus The traditional MNO Enterprise market segments: offices, corporates, SMEs, other 

use cases requiring nationwide coverage  

Use Cases & Services Use cases requiring nationwide coverage and/or extensive outdoor coverage that 

are mostly served by typical business and cloud-based apps requiring only very 

limited integration to walled-garden in-house systems; e.g. car/truck fleets, crop 

farming,  

Devices Mostly smartphones, tablets, laptops, office automation devices, outdoor IoT 

devices, IoT modem-router hubs 

Spectrum MNO’s existing Licenced spectrum 

Technology NSA, dual 4G/5G option, MNO core networks, SIMs, cloud services, SD-WAN 

Best Served By Incumbent MNOs: Vodafone, BT-EE, VO2, Three 

 

5.3 Blue Light Services, best served by ESN MPN 

Blue Light Services are the classic 999 national emergency services. Who have been using MPNs for many 

decades, although the underlying technologies have changed over time. 

Upper n77 band spectrum is not suitable for this segment, due to the need to provide wide geographical 

coverage; however, it could be used for adding capacity or advanced 5G functionality to key locations. 

Characteristic Details 

Target Market focus Police, ambulance and fire “blue light” services, with a nationwide coverage and 

additional functional requirements 

Use Cases & Services all the current 4G ESN services, augmented by the additional capabilities of 5G  

Devices resilient modem routers in vehicles; consumer-grade and ruggedised 

smartphones, tablets and laptops for field users; wearables (body cam, smart 

watch, etc) 

Spectrum MNO’s existing Licenced spectrum 

Technology NSA, dual 4G/5G option, MNO core networks, SIMs, cloud services, SD-WAN 

Best Served By ESN MPN 

 

5.4 Multi-tenant buildings 

Characteristic Details 

Target Market focus Large multi-tenant smart buildings in cities, business and technology parks 
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Use Cases & Services Connectivity as a service to building tenants. Smart building management with 

potential for integration with wider smart city initiatives 

Devices Smartphones, tablets, laptops, office automation devices, indoor IoT devices, IoT 

modem-router hubs 

Spectrum MNO’s existing Licenced spectrum and/or upper n77 shared access spectrum for 

shared-spectrum multi-operator neutral hosting and for on-premises smart-

building control systems 

Technology NSA, dual 4G/5G option, MNO core networks, SIMs, cloud services, SD-WAN 

Best Served By Sold, delivered and supported by new and emerging MPN Service Providers (this 

could include some of the emerging Neutral Hosts), but enabled by UK MNO wide 

area coverage, interconnectivity and/or MNO licenced spectrum . 

 

Although upper n77 band spectrum could be suitable for this segment, it is much more likely that 

incumbent MNO spectrum will be utilised as part of the commercial relationship with MNOs. 

5.5 Multinationals 

Best served by Hybrid International (non-UK) MNO-Enabled MPNs. 

Multinationals may choose to deploy in-building private 5G networks for their staff in their offices in 

multiple countries, using shared access or unlicenced spectrum inside their premises. Outdoors, they could 

roam into the public 2G, 3G, 4G, or 5G MNO networks through the global roaming agreement of a 

corporate PLMNO service provider (eg Swisscom, NTT, etc). This business model has not yet been properly 

market tested yet – but there are early indications that some are considering it. 

As above, these MPNs would be delivered and managed by new and emerging MPN Service Providers and 

neutral hosts and enabled by International MNOs without a UK spectrum licence, potentially utilising their 

extensive technology base and their global roaming agreements to gain nationwide roaming coverage over 

UK MNO networks.  

However, reliance on 5G coverage might delay such ventures, as 5G roaming is still very much in its infancy. 

It is very unlikely that upper n77 band spectrum would be suitable for this segment, due to the need for 

international roaming agreements with UK MNOs, utilising their existing spectrum. 

5.6 Local Government 

As has been demonstrated by the 5G Liverpool Create Testbeds & Trials project, there is an opportunity for 

local government to provide digital services to residents using 5G technology to provide a city- or region-

wide private network. This is part of a much bigger discussion that is outside the scope of this study; 

however, let us note here that the geographical and power limitations on licencing of upper n77 band 

spectrum in the UK does not suit this use case particularly well. Provision of coverage across an extended 

region is therefore going to be much more straightforward for an incumbent MNO to provide using other 

spectrum bands that they hold national licences to and allow higher transmit power. 
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6 Annex: Details about spectrum regulation of the band 
6.1 Availability of the band in the UK  

In the UK, Ofcom has enabled access to 3.8-4.2 GHz band [12] through shared access licence framework. 

The shared access licence is aimed at providing access to spectrum for users such as industry verticals, 

small businesses, and others to support innovation and new use cases.  

There are two types of licences: Low power and medium power licence. 

6.2 Low power licence 

• “Low power licence will authorise users to deploy as many base stations as they require within a 

circular area with a radius of 50 metres, centred on a coordinate provided to Ofcom by the user 

when they apply for the licence. Users will have the flexibility to move their base stations around 

within the licensed area without requiring further coordination by Ofcom.  

• Users looking for the flexibility to place base stations anywhere within a larger area can apply for 

multiple low power licences, which could be contiguous or spaced out over a larger area.  

• There will be an indoor-only option available, as well as an indoor/outdoor option for users looking 

to deploy either partly or wholly outdoors.  

• Base stations covered by the low power Shared Access licence can connect to fixed, nomadic or 

mobile terminals7”.  

6.3 Medium power licence 

• “This licence could be suitable for users who need a longer transmission range from their base 

station, but don’t expect to need to change the locations of base stations once they’re deployed. This 

could suit providers of Fixed Wireless Access (FWA) services in rural areas, along with industrial or 

enterprise users with sites spread over a larger area, such as ports, agriculture or forestry.  

• The medium power licence will authorise a single base station. The base station can connect to fixed, 

nomadic or mobile terminals.  

• Medium power base stations are generally only permitted in rural areas, as their increased power 

and transmitting range mean that if they were deployed in urban areas, they could potentially 

prevent a large number of low power users from deploying”.  

• Approved applications provide licenses granted on an indefinite basis (unless revoked by Ofcom).  

• Fees depend on the bandwidth 

• 390 MHz of spectrum available in 3.8-4.2 GHz band cannot be used for the provision of national 

mobile broadband services.  

  

 

7 “Fixed terminals” are those which are at a fixed location and do not move; we refer to these as “fixed/installed terminals” in our 

Statement. “Nomadic terminals” are terminals that can move around, but typically only transmit when stationary. “Mobile 

terminals” can transmit and receive while moving 
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Figure 26: Low power (left) and medium power (right) Shared Access licences [13] 

 

6.4 The UK industry view of the upper n77 band  

The UK Spectrum Policy Forum recently published a report [14] on Spectrum Sharing, following a range of 

workshops and stakeholder interviews.  

The report states that “there appeared to be a good understanding of the shared spectrum supply options 

available in the UK, including for Local Access Licence and Shared Access Licence. Also that the UK is an early 

mover in this field. While there are inevitable frustrations with these schemes there was also recognition 

that they are a step in the right direction to expand spectrum supply for private networks and for 

innovation. The availability of spectrum through the recent Ofcom initiatives is steering towards the 3.8–4.2 

GHz frequency band for 5G applications”.   

Summarising the industry views, the report indicated that, there is a general expectation that “demand will 

increase” although some stakeholders expressed concerns about the difficulty of accurately identifying 

latent demand due to the “lack of awareness of suitable products or information”. 

The report also mentioned that although “the demand for shared spectrum is evident with applications to 

Ofcom for shared licences, the demand is still at relatively low levels. There is the expectation that demand 

will grow but differing views on how quickly this will happen”. Further, the report stated that “it was also 

unclear how much demand will be served by MNOs vs other providers (e.g. how Mobile Private Networks 

(MPNs) will develop and who will provide them)”. One of the key issues “for those investing in / building 

new networks is the need for investment certainty. While no clear picture emerged on what certainty 

comprises, two common themes were reasonable certainty of access to spectrum at a viable cost for the 

duration for the investment (this could include a presumption that licences would be renewed on a rolling 

basis), and availability of the relevant ecosystem (e.g. 3.8–4.2 GHz, 26 GHz)”. 

6.5 Spectrum licencing of upper n77 band globally  

The use of the 3800–4200 MHz band varies across the world. Due to the historic allocations, the main use 

of this frequency band is for the Fixed Satellite Service (FSS) (space to earth), although parts of the band are 

also used for Radiolocation and the Fixed Service (FS) (mainly point to multipoint or wireless broadband 

services) [15]. 
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Despite the wide range of use, some countries have released, or plan to release, 3800–4200 MHz for 5G 

services. For instance, Japan has already made 3600–4100 MHz available for 5G. Further, South Korea, 

Belgium, Sweden and Canada have also launched public consultations in relation to release of portions of 

these bands for 5G. The following table shows the spectrum assignments of the upper n77 band across the 

world. 

Country 

name 

Spectrum 

band start 

Spectrum 

band end 

Operator(s) Notes 

Canada 3650 4000 Licensed [16] 

Colombia 3700 4200 Claro  

Japan 3600 4100 NTT Docomo, KDDI, Softbank / Ymobile Corp, 

Rakuten 

Awarded in 2019 

for 5G, deployed 

more than 90,000 

base stations. 

Location 

restrictions exist 

for operations in 

the upper 100 

MHz[8][17] 

Monaco 3300 4200 Monaco Telecom  

UK 3800 4200 Open for people and businesses to access 

spectrum for a wide range of local wireless 

connectivity application under the shared 

access licence scheme 

 

Kuwait 3800 4200 Zain  

San Marino 3300 4200 TIM San Marino (Sammarinese Mobile 

Telephony (TMS)) 

 

South Africa 3600 4200 Telkom Mobile, Multisource (Rain)  

South Korea 3700 4000 
 

[18] 

USA 3700 3980 Verizon Wireless, Verizon Wireless, AT&T 

Mobility, T-Mobile US (inc. Sprint), US Cellular, 

NewLevel (Grain), Monarch Wireless, 

Widespread Wireless, Carolina West Wireless 

C Spire Wireless (formerly Cellular South), LICT 

Wireless Broadband Company, Nex-Tech 

Wireless, Cellular One of North East Arizona, 

The U.S. is also 

studying the 3.7-

4.2 GHz range 

where 200 MHz or 

more could be 

cleared in the 

medium term [19] 

 

8 Location restrictions exists for operations in the upper 100 MHz of the band, such as avoidance of base station deployments in the 

range of about 100 to 200 m around the approach route of the aircraft around the airport (about 1 km). 
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Country 

name 

Spectrum 

band start 

Spectrum 

band end 

Operator(s) Notes 

Pioneer Cellular, Horry Telephone 

Cooperative, Nsight Spectrum, Union 

Telephone Company, Grand River 

Communications, Agri-Valley Communications 

(Thumb Cellular), East Kentucky Network 

(Appalachian Wireless), Granite Wireless, 

Eastlink 

Table 3: Spectrum assignment in the upper n77 band. 

In addition, a number of countries are considering making 3.8–4.2 GHz band available for mobile use: 

• The French telecoms regulator Arcep has announced that access to 100 MHz block of spectrum in 

the 3.8-4.0 GHz band is available for companies to experiment with [20]. The spectrum will be on 

offer for three years to sectors from manufacturing to logistics, energy, health, and smart cities. 

Applications for the spectrum must be submitted by the end of 2022. 

• Finland is considering making 3.8–4.2 GHz band available for regional and local use. Test licences 

are already granted and shares with other services (FSS, Fixed radio links) [Traficom, Finland, The 

European 5G conference 26/01/2022]. 

• Europe: 3.8–4.2 GHz band is becoming a vertical band in Europe, limited to local-area connectivity. 

However, it is still premature to make a decision for wider use since there are incumbents in the 

3.8-4.2 GHz band [GSMA, The European 5G conference 26/01/2022]. ECC report 254 stated that 

[21] ‘in CEPT countries, the 3800-4200 MHz frequency range is predominantly used by both FSS 

earth stations (downlink space-to-Earth) and FS fixed links (low, medium and high-capacity P-MP 

and P-P systems). 

• Canada: Based on the support received, and growing demand for commercial mobile services, ISED 

in Canada will add a primary mobile service allocation to the 3700-4000 MHz band. Allowing mobile 

use in the 3700-4000 MHz band would also allow Canada to align with the policy and licensing 

decisions in the US and enable the harmonization of the use of spectrum through the adoption of 

common industry equipment standards allowing for economies of scale in equipment 

manufacturing [22].  

• Australia: The regulator ACMA concluded a consultation looking at the different planning issues for 

services interested in using the 3700–4200 MHz band and examined sharing and coexistence issues. 

The outcome resulted in introducing arrangements for local area wireless broadband (LAWBB) in 

3700–3800 MHz in remote areas, and in 3800–4000 MHz Australia-wide on a shared basis with 

existing fixed satellite service (FSS) and fixed point-to-point (PTP) service types [23]. 

• Nokia: in response to the ACMA consultation, Nokia stated that with demand also from other 

regions such as the USA and Japan, Nokia expects a quickly evolving ecosystem for Band n77. 

As mentioned by ACMA, Nokia proposed a sharing framework based on the CBRS framework 

developed in USA to be adapted for the 3.8–4.2 GHz band. Nokia also highlighted the UK 

shared licence framework for the 3.8–4.2GHz band that could be explored. Nokia encouraged 

ACMA to further assess and promote identification of spectrum for Private Wireless networks. 

This approach will benefit from a combined evolution of the band ecosystem between its 
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extended use for CSPs in some areas in the Asia Pacific region and North America, as well as 

the shared use approach with localised licensing system for private networks in Europe. As 

such, ACMA can attain the goal of efficient management of the spectrum resources, whilst 

opening a harmonised frequency band n77 with a robust 5G ecosystem for industry. 

• Motorola: in response to the ACMA consultation, Motorola stated that it produces equipment 

for a lower band in the US market which could be modified for use in this band. 

• Vodafone Australia: in response to the ACMA consultation, stated that although the market is 

not as well developed, there is equipment capable of operating above 3800 MHz. They 

anticipate that the equipment ecosystem for operating in the 3800–4200 MHz range will 

develop alongside regulatory arrangements for this band globally. 
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7 Annex: Industry value chain and product development lifecycle 
 

7.1 Industry value chain 

We have created a simplified view of the MPN value chain in our analysis to identify where in the value 

chain an identified issue fits and the relationships between specific issues along the value chain, initially 

focusing on fundamental issues in chipsets and devices. 

A simplified value chain diagram (Figure X) attempts to capture the (supply) value chain elements that are 

most pertinent to this study; it is intended to apply equally to both network equipment Radio Units (RUs) 

and end-user devices. In this oversimplification, some similar supply chain roles are collapsed into a single 

block (e.g. OBM, ODM, OEM, Contract Manufacturer). Others are altogether omitted, e.g. the Cloud 

Platform Service Providers and Outsourced Services Providers are for the purposes of this study subsumed 

into the role of the MNO and the Communications Service Provider. This is done to allow us to focus on 

those blocks that add the most value to this specific study.  

In stark contrast to the well-established value chain of public mobile networks, the reality for MPNs is much 

more complex: several players are jostling for pole position at the far right of the value chain diagram – i.e. 

to supply the MPN end-user directly, Those players include the incumbent big network system vendors, the 

four public mobile operators, various tyles of system integrators, industry vertical specialist vendors and 

system integrators and even some of the global cloud hyperscalers. Given the narrowly focused remit of 

this study and the ever-evolving early-stage market, it was felt that further work on exploring all the 

emerging variants of the value chain was not beneficial to the project. 

 

Figure 27: Simplified view of the value chain for mobile private networks 

7.2 Product development lifecycle & product readiness curve/matrix 

This section aims to outline key considerations around the development and market entry of new products 

(devices and network equipment) into commercial application, namely  
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• introduce the key stages of the product development process (or lifecycle), to industrialise a device  

• develop a simple and easy to follow diagram for this process with a short explanation 

• highlight key commercial and market-related considerations that drive OEM decisions to engage a 

particular market or market segment,  

• propose some analysis framework(s) to help users place suppliers along a product supply readiness 

curve or matrix. 

Design and production of a new network device is a multi-stage and often iterative process (Figure X).  

From start to finish the product development process can often take 12- 24 months. 

We would ideally seek to understand the place of each device and RU supplier along a notional product 

supply readiness axis, with the aid of the diagram in Figure xx below. ## alas we are increasingly unlikely to 

get sufficient information to do this in this study, so tone this statement down  ## 

 

Figure 28: A high-level view of OEM/ODM product development process 

• In mobile device ecosystem (and to some extent in the emerging Open RAN RU ecosystem), some 

established silicon suppliers hold a key role. Often, the product development process is reliant on a 

handful of core chipset suppliers (e.g. Qualcomm, Mediatek, Broadcomm, etc). They will usually  

release to device OEMs a design ‘template’, known as a “reference design”, to accompany the 

launch of a new major chipset product line. This is intended to simplify and streamline the product 

design process for OEMs, to showcase key features of the chipset and to pair it with complementary 

peripheral chipsets for accelerators, memory, RF front-end, etc. It often happens that a chipset 

supplier will establish early marketing partnerships with a handful of OEMs or ODMs lead partners 

and closely support them to produce the first device types featuring a newly launched chipset. 

These types of partnership are often down to strategic agreements and anticipated volume orders. 

• At the earliest stage, chipset suppliers and their OEM partners may produce pre-commercial devices 

to test the market, run demos and trials; such devices are not intended for commercial supply to 

market, but purely for early testing and may or may not make it on to volume production. Whether 

they do is often determined by the level of market interest and the volume of order books. 
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• OEMs will take the chipset reference design, and fine tune the design to meet specific product 

requirements, optimise the BOM and design for production, cost reduction, testing, supportability, 

etc. In a reversal of the common chipset supplier-led product development model, some of the 

more advanced OEMs start by producing their very own reference designs and then seek out the 

most situatable chipsets to place in this.  

• At several interim stages through the production process, a number of milestones exist where the 

OEM produces engineering boards and test devices which are intended purely for in-house testing 

by the OEM for design refinement and quality purposes. Often several iterations of engineering 

samples (prototypes) will be produced before the design is fully finalised. This is also an early 

opportunity to test the software against the new product prototype, at various stages of what can 

be an iterative software development lifecycle; this process can often allow prospective clients and 

end-users of the OEM to access early samples for early marketing, testing and demonstration 

purposes. 

• Low volume production (in the 100s or the low thousands) often of early, innovative, or specialised 

product lines is often done in low-volume production lines; it is not uncommon for those 

production lines to be at high-cost locations, such as UK, Germany, Taiwan, Japan, USA.  

• General purpose devices (smartphones) are produced in the 100’s of thousands. For such high-

volume requirements, most OEMs will move production to specialist high volume production lines; 

these are often in lower cost locations, such as China, Thailand, Vietnam, etc and may be 

outsourced to a 3rd party EMS. The device BOM and design will be further fine-tuned and optimised 

at this stage. This whole process introduces an additional step and delay in the process. Other than 

general purpose consumer devices, we don’t expect many MPN devices to be produced in these 

kinds of volumes.  

• Each step along the production process requires additional investment from the OEM. Hence, at 

every such milestone, the OEM will take the opportunity to also review and fine tune their business 

case to approve the next round of development & production costs. This means that at every step 

of the process, an OEM can chose to abandon or delay the product line, until the level of market 

demand exists to make it profitable. 

• Before a device can be made commercially available, it needs to go undergo regulatory testing and 

type approval. This is country/region specific and can be expensive and time consuming. Today, the 

EU’s CE type approval mark continues to cover the UK within Europe; there is a risk that future 

UKCA testing and type approvals will diverge from CE and therefore incur additional costs for the UK 

market. Test and trials (such as 5G T&T) are not constrained to using type-approved commercial 

products, i.e. without CE marking, “hard tooled” enclosures, fire safety testing, etc. This might give 

some of them an unrepresentative view of the supply-side picture, in being lulled into sense of 

market abundance as they are able to source handfuls of pre-commercial ‘test’ devices today, but 

these same devices might not be available to buy when it comes to real commercial procurement, 

unless they are prepared to raise a substantial volume order  

• The side effect of this staged, iterative production process to an uninitiated observer who may have 

witnessed a product demo or trial, can be to create an illusion of a commercial product being 

available “to the market” much earlier than realistically can be expected – if at all. Therefore, clear 

distinction must be made between early test samples and fully commercialised and supported 

products.  

• So, let us consider these market dynamics 
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• the costs involved in the early development process stages are lower, but increase 

dramatically towards the final stages.  

• This goes to say that early prototypes for demos, trials and test marketing can be often 

produced quite rapidly and at relatively low cost, but this does not mean there will be a 

commercial product at the end  

• The costs of fully commercialising each new product can range into the hundreds of thousands 

or even millions; these include setting up a volume production line, regulatory compliance 

testing and certification for each sales region, sales & marketing costs, supply logistics and 

after-sales technical support. This means that investment decisions are under constant 

scrutiny and priorities adjusted and products get canned if there is no viable market for them. 

• Even the chipset vendors will release early versions of their chipset platforms to test the 

market, but they may well refrain from volume production, if they themselves are not satisfied 

with the level of market demand they see during these early marketing stages and in these 

cases to stop the chipset from going into production. Chipset suppliers usually have an order of 

magnitude higher volume expectations than devices OEMs. 

• Frequency variants are of particular concern, as the RF Front End (RFFE) design is often 

optimised and tuned for specific bands and componentry can be heavily dependent on the 

choice of operating spectrum. On the positive side, most consumer devices support the vast 

majority of global frequency bands; the RFFE can be more of an issue with network Radio 

Units.  

• The development process for radio network equipment (Radio Units) is not dissimilar. The added 

complication is that the variation in power levers and form factors required for some medium and 

low power indoor or outdoor private network radio equipment may mean that although one may 

be able to source test radio units from a vendor, these may well be unsuited to the eventual 

commercial application, power level, form factor and price point required for commercial MPN 

applications. Also RFFE design for the network side (RUs) is even more critical and optimised to 

specific operating spectrum.  
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Figure 29: A more Detailed View of OEM product development [24] 
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8 Annex : Analysis of demand side market requirement divergence 
A number of indicators of broad market fragmentation on the demand side have been identified, which go 

well beyond the UK spectrum question; in summary market fragmentation is affected by the following 

elements of divergence across the demand side. 

8.1.1 Divergence on private network spectrum 

• Ofcom have allocated the upper n77 band (3.8– 4.2 GHz) for shared access spectrum  

• Internationally, different bands (not upper n77) are used for shared access for private networks; 

e.g. arguably the highest volume shared access market, CBRS in the USA, uses the N48 band 

• UK PLMNOs are not constrained to use upper n77; they can use their own licenced 5G and 4G 

spectrum 

8.1.2 Range of use cases for MPNs  

• Whilst this is good as it indicates several industries can benefit from MPNs, the downside is that it 

increases market fragmentation. We can observe this today in the considerable variation of use 

cases amongst the various 5G Testbeds & Trials players. This makes MPNs a complex market, as 

each industry will have different requirements, which in turn will impact requirements on 

applications, architecture and devices, as we have observed. 

8.1.3 Divergence on device requirements 

Divergence on device requirements stems mostly from the variation of use cases and industry-specific 

requirements.  

• There is no broad consensus regarding the mix of devices required by the ecosystem. At least the 

following broad categories can be observed: 

• General purpose smartphones, eg Samsung S21, iPhone 13  

• General purpose 5G-ready tablets and PCs, eg Samsung Galaxy Tab 8, iPad 

• Ruggedised smartphones and handsets and 5G enabled tablets, laptops, eg the Samsung 

Galaxy XCover smartphone series, Samsung Galaxy Tab Active tablet series 

• 5G Modem Routers & similar (ruggedised or not) CPEs, eg Sierra wireless, Cradlepoint, Siemens 

Scalant  

• 5G modem modules (PCIe boards) that UK OEMs may use to build custom solutions with, eg 

Quectel RM510 

• Specialist ruggedised business/industrial devices and other machinery with built-in 5G 

modems 

• Other specialist devices 

• OEMs are very keen to better understand what types of upper n77 band devices the UK MPN 

market requires and in what mix and volume, before committing any substantial product and 

business development investment to this market. 

• Opinion within the UK’s 5G Testbeds and Trials programme range from “we don’t need any 

smartphones”, to “a 50/50 split between smartphones and modem/routers” to “our networks are 

used mostly by smartphones”. The consensus conclusion was that there needs to be a mix thereof 

and that different types of devices are important for different use cases and that the market 
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requirements must be better understood. This is not surprising, given the wide variation between 

use cases and testbeds being trialled by the various 5G T&T players and the wider global ecosystem. 

However, this diversity seems set to remain a facet of the Private Network market going forwards, 

as the range of commercial use cases seems to vary equally, if not more so. 

8.1.4 Divergence on architecture and system requirements between the two main types of UK MPN 

Service Providers (SPs)  

Divergence on architecture and system requirements between the two main types of UK MPN Service 

Providers (SPs)  

• Pure-play MPN Operators (let’s call them MPNOs) are mostly committed to using upper n77 shared 

access spectrum and SA architecture 

• Hybrid MPNs by the incumbent UK PLMN Operators (let’s call them PLMNOs) anchor their ‘private’ 

network architecture, device supply chain and provisioning platforms on their PLMNs; they can 

choose to operate on SA or NSA architecture; they have their very own licenced spectrum to fall 

back on; they can also operate dual 4G/5G hybrid private networks, voice services, etc. 

8.1.5 Divergence on Type Approval from the EU market  

This is a risk (not yet materialised) that is stemming from Brexit, ie will the CE mark continue to be sufficient 

to import devices into the UK, or will the UK Conformity Assessed (UKCA) mark become mandatory? Even a 

requirement to add a new UK CA mark on product labels will carry cost overhead, complexity and act as a 

barrier to market for device suppliers 

  



 

 60 

9 References
 

1 Telecoms Diversification Taskforce Findings and Report, April 2021, 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/9

75007/April_2021_Telecoms_Diversification_Taskforce_Findings_and_Report_v2.pdf  

2 https://halberdbastion.com/technology/cellular/5g-nr/5g-frequency-bands/n78-3500-mhz  

3 Shared Access licences https://www.ofcom.org.uk/manage-your-licence/radiocommunication-

licences/shared-access  

4 UK 5G testbeds and trials program https://www.gov.uk/guidance/5g-testbeds-and-trials-programme  

5 GSA database, https://gsacom.com/  

6 Private Cellular Networks with Small Cells (Document 235.10.01, April 2020, published by the small cells 

forum 

7 The small cell forum, https://www.smallcellforum.org/  

8 Ofcom Spectrum Usage Rights Consultation, 21 June 2006, https://www.ofcom.org.uk/consultations-and-

statements/category-1/sur 

9 Mandate to CEPT on technical conditions regarding the shared use of the 3.8-4.2 GHz frequency band for 

terrestrial wireless broadband systems providing local-area network connectivity in the Union, 

published by the European Union Commission, 16 December 2021 

10 French regulator offers enterprises more 5G spectrum, Mobile Europe, Annie Turner, 18 March 2022, 

https://www.mobileeurope.co.uk/french-regulator-offers-enterprises-more-5g-spectrum/ 

11 The Explore-Exploit Continuum (strategyzer.com) 

12 Ofcom Local Access Licence guidance document available at 

https://www.ofcom.org.uk/__data/assets/pdf_file/0037/157888/local-access-licence-guidance.pdf and 

Shared Access Licence document available at 

https://www.ofcom.org.uk/__data/assets/pdf_file/0035/157886/shared-access-licence-guidance.pdf 

13 Shared Access Licence Guidance document, 25 July 2021, 

https://www.ofcom.org.uk/__data/assets/pdf_file/0035/157886/shared-access-licence-guidance.pdf  

14 SPF Cluster 3: Spectrum sharing report - January 2022 

15 ITU Radio Regulations Editions of 2020 

16 https://www.qualcomm.com/media/documents/files/spectrum-for-4g-and-5g.pdf 

17 https://5gamericas.org/wp-content/uploads/2021/07/Mid-Band-Spectrum-and-the-Co-Existence-with-

Radio-Altimeters.pdf 

18 https://www.qualcomm.com/media/documents/files/spectrum-for-4g-and-5g.pdf 

19 https://www.nokia.com/blog/5g-35-ghz-global-opportunity/ 

20 https://www.mobileeurope.co.uk/french-regulator-offers-enterprises-more-5g-spectrum/   

21 ECC Report 254, Operational guidelines for spectrum sharing to support the implementation of the 

current ECC framework in the 3600-3800 MHz range Approved 18 November 2016 

22 https://www.ic.gc.ca/eic/site/smt-gst.nsf/eng/sf11699.html 

23 https://www.acma.gov.au/consultations/2019-09/planning-3700-4200-mhz-band-consultation-272019 

24  https://www.ventureoutsource.com/contract-manufacturing/what-difference-between-oem-cm-cem-

ecm-ems-odm-jdm-design-house-contract-electronic-terms/ 

 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/975007/April_2021_Telecoms_Diversification_Taskforce_Findings_and_Report_v2.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/975007/April_2021_Telecoms_Diversification_Taskforce_Findings_and_Report_v2.pdf
https://halberdbastion.com/technology/cellular/5g-nr/5g-frequency-bands/n78-3500-mhz
https://www.ofcom.org.uk/manage-your-licence/radiocommunication-licences/shared-access
https://www.ofcom.org.uk/manage-your-licence/radiocommunication-licences/shared-access
https://www.gov.uk/guidance/5g-testbeds-and-trials-programme
https://gsacom.com/
https://www.smallcellforum.org/
https://www.ofcom.org.uk/consultations-and-statements/category-1/sur
https://www.ofcom.org.uk/consultations-and-statements/category-1/sur
https://www.mobileeurope.co.uk/french-regulator-offers-enterprises-more-5g-spectrum/
https://www.strategyzer.com/blog/the-explore-and-exploit-continuum
https://www.ofcom.org.uk/__data/assets/pdf_file/0037/157888/local-access-licence-guidance.pdf
https://www.ofcom.org.uk/__data/assets/pdf_file/0035/157886/shared-access-licence-guidance.pdf
https://www.ofcom.org.uk/__data/assets/pdf_file/0035/157886/shared-access-licence-guidance.pdf
https://www.mobileeurope.co.uk/french-regulator-offers-enterprises-more-5g-spectrum/
https://www.ventureoutsource.com/contract-manufacturing/what-difference-between-oem-cm-cem-ecm-ems-odm-jdm-design-house-contract-electronic-terms/
https://www.ventureoutsource.com/contract-manufacturing/what-difference-between-oem-cm-cem-ecm-ems-odm-jdm-design-house-contract-electronic-terms/


Upper n77 (3.8-4.2 GHz band) market study 

r n77 (3.8-4.2 GHz band) market study 

Issue date: Month Year 

Version: 1.0 

 

Pulborough  e info@real-wireless.com 

West Sussex  w real-wireless.com 

RH20 4XB   @real_wireless 

United Kingdom   

 

Copyright ©2022 Real Wireless Limited. All rights reserved. Registered in England & Wales No. 6016945 

 


