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Executive Summary

Spectrum is a very scarce and valuable resource, and 

that is especially true today with C-Band spectrum. 

This mid-band spectrum is a tremendous asset that 

will be a critical part of a smart multi-band network 

deployment strategy. Use of this spectrum provides 

carriers with the ability to deploy significantly better 

coverage than using high-band millimeter wave 

spectrum, and faster speeds and lower latency 

than low-band spectrum. It is an excellent hybrid 

spectrum approach.

This whitepaper analyzes the outcomes from the 

recent C-Band spectrum auction by looking out-

side the traditional industry lens of potential ARPU 

(average revenue per user) that most analysts are 

using to address the critical question of whether 

or not the C-Band license fees are justifiable in 

the long run, and whether US subscribers will be 

willing to pay a premium for 5G services to help 

the carriers monetize their investment.

While the C-Band auction winning bids of $80+ 

billion spent was massive, umlaut argues US car-

rier investment was completely necessary, and is  

strategically complementary to the accelerated 

expenditures in MEC and massive MIMO (multiple 

input, multiple output; an antenna technology for 

significantly increasing capacity) to generate new 

revenue streams, highlighted by opportunities in 

the enterprise. The key will be to find ways to make 

those revenue streams a reality to monetize the 

huge spending on deploying the spectrum. This 

whitepaper reasons that in the long-term, all three 

national US wireless providers will benefit from the 

auction, while identifying the growing competition 

from enterprising companies able to use unlicensed 

spectrum.  

umlaut anticipates that for the first time in wireless 

history, business/enterprise applications – with low-

latency reliant network use like autonomous robots 

and forklifts in the factories of the future, autono-

mous and connected vehicles, and use cases like 

5G private networks, remote healthcare services 

and fixed wireless broadband access – will gene-

rate more revenue than consumer-based revenue 

streams over 5G.

With the initial 5G spectrum strategies for carriers 

now more or less set, operators must move head 

long into the fight to achieve operational excellence. 

While available bandwidth, to include C-Band 

which holds a central position in the new 5G world 

order, umlaut believes that the next competitive 

fight on the horizon will be based on latency, and 

ultimately availability.
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The lifeblood of the wireless industry is spectrum, the invisible 
airwaves which provide the necessary backbone for delivering 
voice and data services on the next generation 5G networks 
being built across the globe. 

usage within the next 12 to 24 months, surpassing 

current 4G LTE network volume. 

The pace of network rollouts underscores the import-

ance of spectrum availability for 5G. The strategic 

acquisition and deployment of all sources of this 

very scarce resource are critical for 5G to meet 

the demands of next generation use cases and 

applications. The demand for spectrum for wireless 

networks is insatiable and is being addressed by 

exploring new frequencies above the currently used 

spectrum. Frequencies in the so-called C-Band 

between 3.3 and 4.2 GHz1 have been assigned for 

5G around the world in various allotments. A 200 

5G has been megahyped for years but is starting 

to gain momentum. The first 5G networks were 

deployed in April 2019 in the US and South Korea. 

According to industry association GSMA, today more 

than 130 operators in 38 countries have launched 

5G networks and more than half a billion active 5G 

connections are expected during 2021, about two 

years after its first appearance in any market. This 

is probably the fastest adoption of any new mobile 

technology ever, and with an increasing number 

of smartphones supporting 5G, its market share is 

expected to accelerate fast. If repeating the 3G/4G 

transition story line on usage per connection, 5G will 

become the dominant mobile technology based on 

Introduction

December 2020 according to GSMA. The US, as 

in Europe, has assigned 400 MHz in this area to 

mobile services, even though the frequencies are 

slightly different, and the assignment rules and 

regulations differ as well. 

MHz large spectrum slice from 3.4 to 3.6 GHz is 

already globally harmonized and further harmo-

nization efforts are on the agenda for the World 

Radio Conference 2023.

Most countries have already assigned more C-

Band spectrum to 5G than they officially commit-

ted themselves to during the 2015 World Radio 

Conference. Figure 1 shows the status quo as of 
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0 MHz 200 MHz 300 MHz 400 MHz 500 MHz or more

Figure 1: 5G spectrum assignments in the ITU assigned C-Band per region. Many countries went beyond the radio regu-
lations and are assigning already today frequencies to 5G which officially are subject to a world radio conference 2023‘s 
agreement. Picture source and copyright: GSMA2 2021

In the US, 150 MHz is dedicated for public, genui-

nely license-free use in the so-called CBRS  band 

between 3.55 GHz and 3.70 GHz while 280 MHz 

between 3.70 and 3.98 GHz were auctioned to the 

three nationwide incumbent wireless operators and 

some local ones for a record sum of $81 billion. The 

largest US carriers all clearly signaled their view 

of the long term value of C-Band spectrum as a 

complement to their current holdings. Verizon se-

cured a nationwide average of 160 MHz of C-Band 

spectrum for $45.5 billion, AT&T 80 MHz for $23.4 

billion and T-Mobile 40 MHz for $9.3 billion. Notably, 

per MHz and taking into account the number of 

regions and areas for which licenses were purchased, 

Verizon paid the lowest price of the big three per 

MHz. While these price points seem very high at first 

glance, umlaut argues that the true value of this 

spectrum lies in the new capabilities, inclusion of 

new players and technological innovation that this 

spectrum will help unleash. C-Band deployment 

in the U.S. paves the way for a new generation of 

purpose-built massive MIMO networks.

In Europe and in the EU, C-Band spectrum has been 

licensed since 2018 and some governments are still 

busy working that process. Most countries chose 

auctions for the licensing process with Switzerland 

being a notable exception, where a moderate fi-

xed fee approach was the model. In Germany the 

government reserved the upper 100 MHz of the 

available C-Band spectrum in the range of 3.4 

– 3.8 GHz for so-called regional licenses. These 

licenses are issued at a moderate fixed price on 

a first-come, first-served basis to companies and 

enterprises, which can then build their own campus 

networks for their own private purposes – a critical 

potential revenue stream for the wireless network 

operators from a 5G private networks perspective. 

As an example, umlaut acquired 100 MHz of spectrum 

and is running a private 5G campus network as a 5G 

commercial testbed supporting various application 

scenarios for interested customers from around 

the world at our HQ campus in Aachen, Germany.
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For nationwide licenses to be used by the country’s 

mobile operators, Germany chose the auction ap-

proach, similar to the US. The 300 MHz remaining 

C-Band spectrum was fiercely battled for among 

three incumbents and one newcomer operator in 

late Spring 2019. In the end Deutsche Telekom and 

Vodafone came away with 90 MHz of spectrum, 

Telefónica with 70 MHz and newcomer 1&1 with 50 

MHz.  Deutsche Telekom was the biggest spender 

with roughly $1.6 billion US. While this looks very 

cheap compared to the US’s most expensive bid 

of $45.5 billion, umlaut suggests another critical 

angle to consider: calculated per MHz of spectrum 

per subscriber in the network3  and mirrored against 

the average revenue per user (ARPU) per month, 

the financial picture looks like this:

Verizon: $45.5 B/ [160 MHz in country average] x 120 [million subs] x 42 [$/month]) -> 0.056

Deutsche Telekom: $1.6B/ (90 [MHz nationwide] x 49 [million subs] x 13 [$/month]) -> 0.028

By this metric, Verizon paid more by a factor of two 

compared to the Deutsche Telekom4 but there is 

one important influence factor still missing: time. 

Acknowledging that the German licenses expire 

by December 31, 2040 and need to be reacquired, 

the US licenses do not expire and last as long as 

the owners make reasonable use of them, making 

them more valuable long-term.  

Most analysts are looking through the traditional 

industry lens of potential ARPU (average revenue 

per user) when addressing the critical question of 

whether or not the license fees are justifiable in 

the long run, and whether US subscribers will be 

willing to pay a premium for 5G services to help 

the carriers monetize their investment. umlaut is 

taking a different approach. We believe the C-

Band auction winning bids, and the costs related 

to massive MIMO and Mobile Edge Compute (MEC) 

are critically necessary, complementary investments 

compared to the massive global growth engines that 

AWS and Microsoft Azure provide the industry. For 

the first time in wireless history, business/enterprise 

applications – with low-latency reliant network use 

like autonomous robots and forklifts in the factories 

of the future, autonomous and connected vehicles, 

and use cases like 5G private networks, remote 

healthcare services and fixed wireless broadband 

access – will generate more revenue than consu-

mer-based revenue streams. 
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Between the cost of building out 5G networks, and 

the massive capital outlay for spectrum – with the 

recent US C-Band auction in particular -- US 

wireless network operators are under clear pressure 

to monetize their mammoth 5G investments.

Over the past 20+ years umlaut has been providing 

comprehensive network benchmarking tests around 

the world. We currently test more than 200 networks 

in over 120 countries globally and our methodology 

is the global de-facto industry standard. Our data 

finds that in the majority of cases the network 

providers rated best network maintain the highest 

average revenues per user in their respective markets.

This may be coincidence without causality, but we 

claim that subscribers are willing to pay more for 

The Best Network  
Generates the Highest 
Revenue

quality. The key to winning the umlaut ‘Best in Test’ 

accolade is simple: ubiquitous coverage, network 

capacity and very close to 100% success rates in 

voice calls, browsing, social networking, messaging 

and video usage outdoors, indoors and while on 

the move in cars and trains. 

The challenge US wireless network operators face is 

also simple to understand but harder to accomplish: 

how to best and most efficiently deploy all availa-

ble spectrum frequencies to serve customers and 

provide the expected massive capacity gains and 

low-latency applications promised by the marketing 

of the technology. 

Looking at the various and sometime conflicting 

requirements, one thing is clear: wireless network 

operators need to deploy low-band, mid-band and 

high-band spectrum. There really is no other choice 

to achieve ubiquitous coverage, high-speeds and 

low latencies at the same time.  

This is another reason why US carriers spent a record 

amount in the recent C-Band auction.

The key question: (how) will the US carriers be able 

to monetize this extraordinary investment latency.

• Low-Band: Coverage is best delivered by scarce and extremely narrow low-band frequencies 

that provide strong coverage characteristics including indoors, but not the massive bandwidth 

needed for the promised gigabit speeds and sub 5 millisecond latency 

• High-Band: spectrum in this frequency, like millimeter wave, provides massive bandwidth and 

provides MNOs the greatest opportunity to meet the promise of true 5G. The challenge is that 

the radio waves travel short distances and are easily blocked by thick glass and objects. Con-

sequently, to deploy a 5G network using high-band spectrum, a huge number of small cells are 

needed to provide the same coverage area than low-band spectrum.   

• Mid-Band: Frequencies in the middle, like C-Band frequencies around 3.6 GHz, are regarded as 

an important hybrid that provides better coverage than high-band and faster speeds than low-

band. This explains why US carriers laid out over $80 billion in the C-Band spectrum auction.
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In the US 5G was first launched on millimeter wave 

(mm-Wave) spectrum with frequencies around 

28 and 39 GHz. These frequencies have the ad-

vantage of providing huge amounts of available 

spectrum bandwidth, which allow for unrivaled 

connection speeds and position the US carriers 

to provide some of the world’s fastest networks. A 

2019 measurement report by umlaut of the then 

available networks in some metropolitan US areas 

showed impressive data connection speeds but 

revealed the weaknesses of such frequencies as 

well: these high-band frequencies behave very 

much like visible light. They need a line of sight for 

establishing a connection and their attenuation in 

air is so high, that they reach for only dozens of 

yards before the connection quality downgrades 

Understandings of 5G 
Technology and the US 
Market

sharply. Few of such high speed 5G cells cover more 

than a few hundred yards in diameter.  Obviously, 

it is practically impossible to cover a large part of 

the US with such cells using mm-Wave to make 

5G widely available.

The coverage layer of the networks needs to be 

built on frequencies of lower spectrum. The opti-

mally suited sub-1 GHz frequencies do not allow 

very high speeds due to their limited carrier space 

of sometimes only five, ten or 20 MHz,  nor would 

they support the usage of the latest performance 

boosting antenna technology called massive MIMO5. 

But they can of course run 5G and by using some 

of such frequencies out of the operators’ existing 

allotments for 5G, the radio performance impro-

ves by around 20% compared to the predecessor 

4th generation technology, LTE. Even though this 

is far from the promised leap of some orders of 

magnitude, at times of exploding demand a 20% 

improvement is certainly worth going for. And while 

Frequency

Coverage (in urban environments)

• 26/28 GHz

• 39 GHz

• 70 GHz

• Several GHz available

• Peak rate: ~10 Gbps

• Dual Connectivity

• 5G new radio

• massive MIMO

• 3.5 GHz

• Several hundred MHz 

   available

• Peak rate: ~5 Gbps

• 5G new radio or eLTE

• MIMO from 8x8

• 650/700/800/900 GHz

• 1.4/1.8/2.1/2.3/2.6 GHz

• In total several hundred MHz 

   available

• Peak rate: 100Mbps-1 Gbps

• eLTE: MIMO from 2x2

• Anchor for 5G

       > 6 GHz / „millimeter waves“
60 GHz ~5mm wavelength

< 6 GHz / „mid range“
6 GHz ~5cm wavelength

< 3 GHz / „low range“
900 MHz ~ 33cm wavelength

Several meters
to dozens of meters

Several meters
to hundreds of meters

Several hundreds of meters
to one kilometer

maybe coming short on the highest expectations 

on the new technology, a quickly and quite easily 

achievable, solid 5G coverage is nevertheless a 

temptation few technical and even less marketing 

directors would resist.

Figure 2: Illustration of the main cellular frequencies‘ coverage properties in dependency of their frequencies. Coverage 
statements are made for urban environments with obstacles in the radio path. Line of sight coverage is larger, but the 
dependency of the carrier frequency used remains the single largest influence factor for coverage (at a given power of the 
radio signal).
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AT&T

850 n5 FDD 4G/5G DSS

28,000 n261 TDD 5G only

39,000 n260 TDD 5G only

T-Mobile

600 n71 FDD 4G/5G DSS

2,500 n41 TDD 5G only

39,000 n260 TDD 5G only

Verizon 
Wireless

850 n5 FDD 4G/5G DSS

1,900 n2 FDD 4G/5G DSS

28,000 n261 TDD 5G only

39,000 n260 TDD 5G only

The most urgent limiting factor for such a frequency 

re-allocation is the still small market penetration 

of 5G capable smartphones respectively the lack 

of support for all possible combinations of 4G and 

5G frequency assignments by such smartphones. 

Operators who can afford to rededicate some of 

their lower spectrum to 5G without jeopardizing 

their bread and butter business with the current 

customer base are consequently pursuing this op-

Operator Carrier band (MHz) band name duplex method6 5G usage

Table 1: 5G frequencies used in the US by April 2021

tion. To varying degrees, all three major operators 

in the US already have some experience doing it 

by introducing a technology called DSS – Dynamic 

Spectrum Sharing. As the name implies, DSS allows 

dynamically assigning frequencies to 4G or 5G 

depending on the users’ demand in a cell and the 

capabilities of their smart phones.  Currently, the 

5G frequency landscape in the US looks like this.

Larger wavelengths, mMIMO arrays for sub-1 GHz 

frequencies would have a size of several square 

meters, which is obviously not realistic. In addition, 

the biggest benefit of mMIMO, the beam forming, 

relies on low wavelengths i.e., high frequencies for 

resulting in narrow beams. Massive MIMO works from 

frequencies of several GHz onwards and mm-wave 

is perfectly suited for the technology.

For all the traditional spectrum used for cellular 

mobile i.e., frequencies up to roughly 2.5 GHz, 

the above-mentioned spectrum squeeze exists 

for nearly all operators worldwide. The US is very 

much alike as can be seen from Table 1: AT&T and 

Verizon made some frequencies available at 650 

MHz for 5G using DSS  but both rely on the mm-

Wave band at 28 GHz (Verizon) and 39 GHz for a 

high-performance 5G connection. T-Mobile is the 

exception in the US because of their acquisition of 

a large amount of critical mid-band spectrum in 

the 2.5 GHz spectrum range through their merger 

with Sprint.

 

Consequently, their need for C-Band spectrum 

was less urgent than their competitors’ and they 

acquired far less spectrum than AT&T and Verizon 

at a much lower price during the recent C-Band 

auction. And they accepted their share of the 

spectrum not becoming available to them before 

2023, while AT&T and Verizon will be able to use the 

newly acquired C-Band spectrum by early 2022. 

The multi-billion dollar savings T-Mobile enjoyed 

compared to their competitors is now at least 

partly available for investments in their network 

at 600 MHz and 2.5 GHz. umlaut finds evidence in 

our measurement data that the valuable spectrum 

they received from Sprint gave them a jumpstart 

on 5G deployment.

But as we have previously explained, the justifi-

cation of the C-Band spectrum purchase is not 

in the short term, but in the long run. And quite a 

few arguments exist why C-Band will turn into the 

operators’ backbone frequency in the long term.
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1. Thanks to its large carrier space, C-Band is 

the lowest band fit for delivering the gigabit 

speeds of the 5G era, and as such it will turn out 

to be the most valuable single spectrum asset 

for the mobile operators if at least some of the 

5G prospects become reality. 

2. Technically C-Band is at the edge of whe-

re massive MIMO kicks in with its beamforming 

capabilities which deliver superior spectral and 

energy efficiency. Both are mission critical for a 

sustainable mobile broadband business case.

3. As long as most of the lower frequencies 

are used in FDD mode with its fairly inefficient 

resource yield, the TDD C-Band will be – next to 

the 2.5 GHz TDD band T-Mobile owns – the most 

efficient spectrum resource of the gigabit-era by 

delivering the best compromise of coverage and 

performance.  

The race for a ubiquitous, high-speed, low-latency 

5G network is certainly a marathon rather than a 

sprint. Regardless, the question has to be raised: 

how much will the US carriers have to spend to 

deploy C-Band in their networks given the massive 

outlay for the C-Band spectrum.

• Verizon recently reported plans to spend $10 

billion over the next three years to deploy 

C-Band, initially using existing AWS/PCS 

spectrum, noting it expects between 7,000 – 

10,000 sites equipped with C-Band this year. 

In Q1’22, Verizon anticipates having C-Band 

deployed in 46 markets providing its 5G Ultra 

Wideband service (mmWave) to 100 million 

POPs. Including 2022 and 2023, coverage is 

expected to hit 175 million POPs. 

• AT&T plans to spend up to $8 billion deploying 

its C-Band spectrum to cover 70-75 million 

POPs by the end of 2022, and 100 million early 

in 2023, the carrier reported. 

• T-Mobile recently reported planning to spend 

up to $10 billion in capex by 2023, planning its 

C-Band deployments on urban and suburban 

areas. The carrier estimated that using C-Band 

would need 1.5X the number of sites for ubi-

quitous coverage compared with 2.5 GHz.

Various options for a 5G launch exist and the com-

mon denominator for all commercial deployments so 

far is the so-called non-standalone (NSA) operations 

of the technology. In principle this means that the 

current 5G radio networks rely on a classic 4G core 

network which allows 5G to only live up to some of 

its unique capabilities for the time being. While the 

high throughput promise of gigabit-capable mobile 

networks is a reality today, low latencies and the 

promise of tailor-made network slices for various 

use cases based on one physical infrastructure will 

become a reality with 5G stand-alone (SA) net-

works. Such networks are generally at the edge 

of being largely deployed with T-Mobile in the US 

and Vodafone in Germany being the icebreakers 

in the Western hemisphere for now. But since low 

latency and network slicing are generally regarded 

as the 5G properties enterprises of various industries 

are most urgently waiting for to perform their next 

step into a digital world, 5G SA is the cornerstone 

technology for a healthy 5G business case.
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umlaut has coverage and performance data of 

more than 200 networks from roughly 120 count-

ries around the world. We gain these insights by 

active measurements from drive- and walk-tests 

by our network experts, and through the use of 

crowdsourced data collected 24 x 7 on hundreds 

of Android apps on millions of phones, 365 days a 

year. Several billions measurement points per day 

accumulate in our database and allow us to collect 

and share insights on networks from nearly all over 

the world and literally any angle.

Let’s start by putting a spotlight on the 5G usage 

development over US networks between Spring 

2020 and February 2021 as depicted in Figure 3 

on the right9. The improvements made on 5G co-

verage are substantial thanks to network upgrades 

5G Performance  — 
in the US
The Status Quo in Spring 2021

with Dynamic Spectrum Sharing (DSS) on the lower 

frequencies. C-Band frequencies are not included 

because the spectrum needs to be cleared first, so 

this vital resource will not be deployable until the 

end of 2021 the earliest.

Compared to Europe, the US development is very 

impressive and shows far better coverage ( see Figure 

4). It should be noted that Europe is not a single tele-

communications market and 5G needs to be looked 

at per country. Of note, not all countries in Europe 

had issued 5G licenses by mid-2020. Nevertheless, 

it can be stated that in Europe only Switzerland and 

The Netherlands have achieved a 5G coverage in 

Spring 2021, which could compete with the US one. 

The UK and Germany have made fair achievements 

but don’t come close to the US at this point.
Figure 3: Development of 5G coverage between Spring 2020 (above) and February 2021 (below) in the US, all networks and 
all 5G variants including DSS. Source: umlaut crowd data
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The rest of Europe, including the usually early adopter 

countries in Scandinavia, despite being the home 

of traditional infrastructure providers Ericsson and 

Nokia, have hardly covered more than their capitol 

areas if at all. As far as the Western hemisphere is 

concerned, the US clearly is ahead and can claim 

5G coverage leadership.

The picture changes a bit when looking at the other 

usual suspects South Korea as being the country 

which launched the first ever commercial 5G service 

is maintaining its worldwide leadership position10 

in terms of 5G coverage and market penetration. 

The South Korean 5G networks have been built 

on C-Band frequencies only, with no DSS in use. 

If evidence is sought for the possibility of providing 

a 5G coverage layer with mid-band frequencies, 

South Korea leads the way (Figure 5). Notably, South 

Korea is currently stepping over from 5G NSA to SA 

at a fast pace as well.

When drilling deeper beyond coverage only, the 

performance of 5G networks depends heavily if not 

primarily on the carrier space having been made 

available for the technology and the number of 

operators sharing such. Different regions around the 

world are following different approaches of building 

5G networks and the number of operators sharing 

the available spectrum distinguishes from market 

to market, too. Additionally, for a US resident the 

performance of an Asian or European network does 

not really matter because they cannot benefit, 

unless they are traveling and a) few 5G roaming 

agreements are in place and 2) the pandemic has 

shut down most travel overseas.  

Figure 4: Development of 5G coverage between Spring 2020 (left) and February 2021 (right) in Europe, all networks and all 
5G variants including DSS. Source: umlaut crowd data

Figure 5: Development of 5G coverage between Spring 2020 (left) and February 2021 (right) in South Korea, all networks 
and all 5G variants including DSS. Source: umlaut crowd data

22 

umlaut Whitepaper umlaut Whitepaper

 23



As we have outlined throughout this whitepaper, 

spectrum is a very scarce and valuable resource, and 

that is especially true today with C-Band spectrum. 

This mid-band spectrum is a tremendous asset 

that Verizon and AT&T had no choice but to go 

after aggressively to both build out their 5G net-

works as part of a smart multi-band deployment 

strategy, and to keep up with T-Mobile, which was 

a huge benefactor of Sprint’s significant mid-band 

spectrum holdings after their merger. 

Conclusions

While the $80 billion plus spent was massive um-

laut argues that the investment was completely 

necessary, and was complementary to the US 

carrier’s expenditures in MEC and massive MIMO 

to generate new revenue streams, highlighted by 

opportunities in the enterprise. The key will be to 

find ways to make those revenue streams a reality 

to monetize the huge spending on deploying the 

spectrum. 

Deploying C-Band spectrum provides a great 

opportunity to upgrade their networks.

At first glance, T-Mobile appears to be the winner 

of the auction. They spent $26 billion last year for 

Sprint and got precious mid-band frequencies as a 

wedding gift, providing the flexibility to cherry pick 

C-Band spectrum licenses unlike the competition. 

However, experiences from other countries teach 

that a network merger is a costly exercise before 

financial and efficiency gains materialize. The $43 

billion value they would raise by the merger ac-

cording to their press release13 comes with a price 

tag of $40 billion investment needed. And finally, 

T-Mobile spent $9 billion as well in this auction 

which boosts their total spending over the last year 

to an amazing $35 billion. For the time being they 

are in a comfortable position and lead the 5G race.

So, umlaut believes that in the long-term, all three 

national US wireless providers benefitted from the 

auction. That being said, competition continues to 

multiply in this industry, from the cable providers 

serving as MVNOs to get in the wireless game and 

claim a major chunk of customer growth, to the 

potential of Google, Amazon and Apple becoming 

more aggressive in this space. Plus, we have not 

talked about the 4th US national wireless provider 

in Dish, and their pending 5G deployments be-

yond buying Sprint’s prepaid business. They have 

been hording wireless spectrum for years and now 

have intense deadlines to meet to keep that va-

luable spectrum and begin competing on the 5G 

stage. They spent just $2.5 million for a license in 

Wyoming. In addition, the big three US national 

providers, and ultimately Dish as well, will also face 

competition from enterprising companies able to 

use unlicensed spectrum.

Which leads us to explore the potential impact 

of the upcoming FCC auction for the lower end 

of the C-Band (3.45 – 3.55 GHz). With the three 

major players being sufficiently equipped with mid-

band frequencies, this could potentially give room 

for other major companies – and potentially new 

market entrants – to acquire this valuable spectrum 

and add competition to a very competitive industry.  

On the other hand, it would not be easy for a new 

entrant to win and sustain a solid market position 

with C-Band spectrum only. Having said this, it 
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remains to be seen as well to which degree attackers 

on unlicensed spectrum could gain momentum and 

steal some of the major US carriers‘ market share.

An intriguing competitive factor that needs to 

be included in this discussion is evolving 4G LTE 

networks. In the US, these networks cover roughly 

98% of the population and provide good service for 

the vast majority of wireless applications. The key 

question facing the carriers is whether consumers 

will feel the need to use the unique 5G features 

of gigabit speeds and extremely low latency, and 

more importantly, will they pay a premium for 5G 

services. umlaut does not see many scenarios in 

which consumers will want to pay for a network 

slice. Many might rather seek lower prices but higher 

speeds and stick to 4G if it offers such – especially 

since US network performance today on 4G in 

many markets rivals or beats 5G in both coverage 

and speed, courtesy of DSS 

5G’s unique characteristics – scalable bandwidth, 

dramatically lower latency and leveraging MEC to 

move applications and use cases to the network 

edge, will enable wireless extensions of existing time 

sensitive network (TSN) applications. The potential 

for TSN applications over 5G is clearly one of the 

drivers in the pursuit of private networks and net-

work slicing.  C-Band will surely play an essential 

role in enabling services that will address enterprise, 

industrial wireless use cases. umlaut believes that the 

unfolding competitive situation - evolving enterprise 

and industrial demands – is being shaped first and 

foremost by spectrum strategy. Furthermore, as the 

entire ecosystem begins to lean in and focus on 

execution, umlaut foresees a wide array of challenges 

that will continue to drive investment and innovation 

in pursuit of the goal of full monetization of 5G.

Operators must move head long into the fight to 

achieve operational excellence. While available 

bandwidth, to include C-Band which holds a central 

position in the new 5G world order, umlaut believes 

that the next fight on the horizon will be based on  

latency, and ultimately availability.
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1 3GPP refers to these as band 77, while its subset from 3.3 to 
3.8 GHz is called band 78 and has been widely assigned and 
is increasingly used already in Europe and Asia for 5G

2 Citizens Broadband Radio Service – Even though being license 
free there is a three-tiered governance on the spectrum usage, 
which involves some priorization for incumbent users and priority 
access for licensed users. 

3 Very often such calculations are done per head of a coun-
try’s population. But at mobile penetration rates above 100% 
in mature markets like both the US and Germany and with a 
fairly static market share distribution between the large play-
ers for years, umlaut suggests that the addressable market 
per operator is rather their current subscriber base but the 
population as a whole.

4 In the UK the respective calculation for Vodafone as the 
largest spectrum winner there results in roughly 0.026 (555 
million pounds paid for 90 MHz used by 18 million sub-
scribers at 13 pounds/month). This is within the error mar-
gins of such estimations exactly DT’s price in Germany.  

5 Massive MIMO, where MIMO stands for “multiple input, multiple 
output,” a technical trick which increases the antennas’ throug-
hput multi-fold and allows beamforming. By beamforming, 
the range of the radio signal can even be extended to some 
degree. The mMIMO technology requires large antenna arrays 
which scale with the wavelength of the carrier frequency. Since 
lower frequencies have 

6 FDD – frequency division duplex: uplink and downlink have 
their reserved, frequency separated spectrum each. At the 
time e.g. a video is watched, the downlink is heavily loaded 
while the uplink runs nearly empty, which obviously is not an 
efficient usage of a scarce resource. 5G is designed to mainly 
support TDD – time division duplex: the full spectrum is sliced 
into time slots which can dynamically be dedicated to uplink 
or downlink slots thus ensuring the most efficient spectrum 
usage. For changing FDD frequencies into TDD, the whole 
spectrum needs to be re-assigned which requires world-wide 
coordination and will take decades, maybe longer in the US. 
Here the non-expiring licenses kick-back on the US because 
FDD-TDD re-assignments cannot easily be ordered by the FCC 
but need the consent of all market players. 

References

7 https://www.ft.com/content/dca96eaf-8262-42d8-a95f-
d255642e9c7a

8 This is an experience-based statement: Europe had their 
auction disaster around the year 2000 with the then 3G auc-
tions. The more than 100 billion Euros (~$120 billion) operators 
across the continent spent on 3G licenses led to an operator 
investment squeeze, which threw several equipment suppliers 
out of the market and opened the door for then low cost and 
secondary suppliers like China’s Huawei and ZTE. The rest is 
history, though potentially changing dramatically as nations 
around the world are working to remove Huawei network 
equipment and replace it.

9 It needs to be noted that for a data point being collected 
it takes 5G coverage and a 5G capable phone using it. By a 
timely integration of measurements over a week umlaut makes 
sure the results of our crowdsourced data measurements are 
statistically relevant and usage represents coverage.

10 umlaut do not have crowdsourced data from China so this 
statement is subject to uncertainty about the state of 5G in 
China. Yet we believe China did not outpace South Korea even 
though it might be close.

11 The areas in test were: New York, Philadelphia, Baltimore, 
Atlanta, Dallas, Las Vegas, Los Angeles, Cleveland, San Fran-
cisco, and Miami

12 Four times in areas with line of site between base station 
and smartphone, ten times in dense urban areas with lots of 
obstacles in the radio path.

13 https://investor.t-mobile.com/news-and-events/t-mobi-
le-us-press-releases/press-release-details/2020/T-Mobile-
Completes-Merger-with-Sprint-to-Create-the-New-T-Mobile/
default.aspx
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