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In recent years, mobile network traffic has more than 
doubled annually for many operators. Although they’re 
investing hundreds of billions of dollars in added 
infrastructure, their ability to meet customers’ demands is 
restricted by one limited resource – wireless spectrum. To 
make the most of this precious resource, operators need to 
develop and implement strategies that embrace a familiar 
approach: reduce, reuse and recycle. The sustainability of 
the mobile industry may just depend on it.
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For decades, spectrum was considered 
to be abundant – a virtually unlimited 
resource. It was divvied up among 
private and public users and was 
licensed and left freely available. 
Governments allocated it to support 
economic, political, and social 
agendas. But – like air, water and even 
precious metals – wireless spectrum 
is both a vital and a severely limited 
natural resource. 

As the use of mobile communications 
has grown over the last 30 years, the 
crucial role spectrum plays has become 
evident. For mobile-network operators, 
spectrum is an element of their success 
and, arguably, the lifeblood of their 
very existence.

Today, spectrum’s role is becoming 
even more critical and its management 
more complicated. Because of band 
fragmentation and device limitations, 
spectrum plans must be coordinated 
better with global-standards bodies 
and equipment manufacturers. The 
emergence of heterogeneous networks 
and active infrastructure models 
also makes managing spectrum 

more complex. Such technological 
advances may promise large benefits 
to operators, but how well spectrum 
planning and management approaches 
can keep up is questionable, at best.

Mobile network operators know 
spectrum plays an important role 
in their businesses, yet they often 
minimise the need for good spectrum 
strategy and management and 
delegate both to low levels of their 
organisations. With demand soaring 
and supply constrained, the time has 
come for mobile network operators 
to treat spectrum as the critical and 
limited asset that it is.

From here on, operators should list on 
their leadership agendas the efficient 
use of spectrum – and the billions of 
dollars of capital that often supports 
it. Rather than viewing spectrum as a 
one-time acquisition to buy, deploy and 
then forget about, operators should 
see spectrum as a renewable resource 
to manage, reclaim and redeploy (see 
Figure 1). Doing so requires companies 
to reconsider their existing practices 
for managing spectrum, and to learn 

important lessons from the reduce, 
reuse and recycle approach that’s 
widely employed for natural resources.

Our work with mobile network 
operators around the globe has shown 
clearly that thinking of spectrum 
management as a life cycle, rather 
than as discrete activities, is quickly 
becoming a leading practice. From 
planning and acquiring to clearing and 
deploying, to decommissioning and 
‘refarming’, the spectrum management 
life cycle gives operators an opportunity 
to approach their most valuable 
resource differently. 

Managing spectrum is also becoming a 
team sport. As constraints mount, what 
once was limited to the network and 
government affairs organisations today 
requires the participation of many. For 
spectrum to be managed effectively, 
the finance, legal, technology, product, 
marketing, sales, and care teams 
all must participate actively in a 
synchronised approach and with cross-
functional alignment.
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as Wi-Fi offloading at home, work, 
and public venues, are increasingly 
important. Incorporating those 
strategies in spectrum plans and 
acquisition strategies – and accounting 
for their cost and for how they 
affect the customer’s experience – is 
critical to moderating the growth of 
spectrum requirements.

Plan

“When you’re dying of thirst it’s too late 
to think about digging a well” advises 
an ancient Japanese proverb. Likewise, 
the time to make sure you have enough 
spectrum to meet the growing demand 
of your customers is before you run out.

As operators formulate strategies for 
the future of spectrum, they need to 
balance meeting the expectations of 

existing customers with developing 
road maps for the long-term evolution 
of devices and technology that will 
enable them to meet customers’ 
demands in the future. Given the 
long lead times and the high costs 
involved in acquiring or redeploying 
spectrum, having a sound strategy and 
plans in place is vital in minimising 
potential disruptions. 

Spectrum plans also should take into 
account both supply and demand. 
Plans for meeting demand often have 
to be shifted to account for expected 
growth in subscribers and usage, as 
well as for patterns of demand that 
shift. That’s critical to planning for 
spectrum needs. For example, in recent 
years the use of mobile devices has 
gone indoors, dramatically. According 
to research conducted by Cisco1 close 
to 80% of mobile-data use is now 
indoor and nomadic – after many 
operators have invested steeply in 
outdoor coverage, capacity, and poorly 
propagating spectrum. 

On the other hand, to meet demand, 
supply plans should be based on an 
evaluation of the availability and cost 
of spectrum, as well as alternatives 
for reducing demand or for improving 
the  reuse of spectrum. Good spectrum 
management incorporates the network 
technology plan of the operator as 
well as the road maps of important 
suppliers and their expected ability 
to support multiple frequency bands. 
Failing to do so has caught some 
operators flat-footed. Those in the 
US, China, and Japan that found 
themselves unable to introduce popular 
smartphones onto their networks due 
to incompatibilities with their spectrum 
position and network technologies were 
significantly challenged in retaining 
and attracting subscribers. 

Mobile network operators also should 
exploit developments in the mobile 

The following pages outline some 
elements of a successful approach 
to managing the spectrum life cycle. 
The approach targets sustainability 
and maximising return on capital 
by reducing, reusing and recycling 
precious spectrum resources.

Reducing demand for 
spectrum 
Thinking about how to reduce the 
demand for spectrum – though it 
sounds counterintuitive – is the first 
step to take in managing the spectrum 
life cycle. Because spectrum is a 
limited resource, the demand for it 
needs to be balanced with pricing 
services appropriately, configuring 
devices, managing the network, and 
even educating customers. Strategies 
for how to reduce demand, such 

Figure 1: The spectrum life cycle
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Thinking of spectrum management as a life cycle, rather than as discrete 
activities, is quickly becoming a leading practice.
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ecosystem to fulfil the capacity 
requirements they anticipate, rather 
than rely solely on adding spectrum 
as a quick solution. Spectrum being 
scarce has encouraged advances in 
network technologies and designs to 
boost the value of broader ranges of 
spectrum and to optimise network 
performance using existing spectrum. 
The most obvious advances involve the 
LTE standard, which makes possible 
not only higher data speeds but 
also more efficient use of spectrum, 
through the use of technologies 
such as MIMO antennas. And LTE-
Advanced – or Release 10 – improves 
the network by increasing spectral 
efficiency and making it possible to 
aggregate multiple spectrum bands 
and get the best performance out of 
heterogeneous networks.

The continuing advances in antenna 
and signal-processing technologies 
are beginning to help mitigate such 
issues by enabling devices to operate 
on a larger number of disparate 
bands. Operators that adopt advanced 
network technologies such as 4G LTE, 
though, still face considerations of 
compatibility and roaming. To date, 
LTE networks have been deployed 
in more than 15 bands worldwide, 
and most of those deployments lack 
interoperability with others. Additional 
networks have been announced that 
will expand the number of disparate 
bands to nearly 40 by 2015.2  This issue 
is critical for operators in Europe, Latin 
America and Asia, in particular, where 
customers frequently use international 
roaming and where interoperability is a 
core requirement.

Acquire

Operators worldwide are confronted 
with a constant battle to get enough 
spectrum to satisfy consumers’ 
seemingly inexhaustible demand for 
broadband capacity. But spectrum 
is naturally limited and is shared 
among many user communities. 
Depending on its electromagnetic 
properties, including frequency and 
wavelength, spectrum has a market 
value that reflects its ability to carry 
communications traffic. Not all 

spectrum is considered equal, and only 
a relatively small subset of spectrum 
is ideal for communications. Within 
that pool there isn’t enough for every 
mobile network operator or potential 
application to benefit.

Consolidation in the industry is limiting 
the available spectrum even more, as 
a select few operators in each country 
accrue ownership. Traditional sources 
of new spectrum, such as government 
auctions, no longer consistently 
present fertile ground, as much of the 
available spectrum in many countries 
already has been licensed commercially 
or reserved for other public and 
government  interests. 

As a result, operators are limited in 
their ability to grow satisfactorily in 
mobile communications. That ability is 
coming to rely on acquiring spectrum 
from alternative sources, refarming 
existing spectrum from older 2G and 
even 3G technologies or supplementing 
current spectrum positions with less 
favourable spectrum that emerging 
technologies now make attractive 
enough to consider using. 

Given these constraints, operators that 
can access the right amount of the most 
desirable sets of spectrum can reduce 
their capital and operational expenses 
significantly. That, in turn, boosts their 
profitability and their ability to invest 
in growth initiatives. Spectrum is a 
true source of competitive advantage, 
and operators seldom turn down an 
opportunity to add to their portfolio, 
especially for prized frequencies. In the 
US alone during the first half of 2013, 
a number of mergers and acquisitions 
centred on spectrum. Among them 
were the combination of T-Mobile USA 
with MetroPCS3; and Sprint’s purchase 
of Clearwire4 and the subsequent 
acquisition of Sprint by Softbank.5  
But not all spectrum is worth the asking 
price, and often significant ‘hidden 
costs’ need to be accounted for in any 
acquisition strategy. Governments 
license spectrum through regulation. 
And they apply various instruments, 
such as build-out timelines, coverage 
requirements, spectrum caps and other 
auction rules, to foster competition and 
make sure advanced communications 

are accessible to as many of their 
citizens as possible. New entrants, 
ranging from Internet companies to the 
public safety community, have emerged 
to weigh in on spectrum rules – and 
usually not in favour of mobile network 
operators continuing to dominate. 
Loud calls for additional rules such 
as network neutrality and for more 
unlicensed spectrum make valuing 
spectrum acquisitions even riskier and 
more complex.

Recognising the need for change 
and the critical role that spectrum 
plays in their economies, some 
governments have begun to change 
their spectrum policy models to bring 
about improvements. For example, 
in the US, the Executive Office of the 
President has mandated that 500 
MHz of additional spectrum be made 
available for use in mobile networks 
over the ten-year period of 2010-
2020. In this joint effort, commercial 
organisations, government regulators 
and incumbent federal licensees are 
focusing on identifying government-
licensed spectrum that can be turned 
over to commercial use.

As governments work to free additional 
spectrum, understanding the properties 
of proposed bands is critical. Most 
of the candidate spectrum is higher-
frequency bands, which generally are 
best suited to short-distance services 
such as Wi-Fi rather than to the more 
robust cellular communications. 

The more desirable spectrum, which 
tends to be found in lower-frequency 
bands, typically faces greater resistance 
to reallocation. Incumbent licensees are 
less willing to vacate prime holdings 
due to the lack of alternatives, the 
long cycles for developing replacement 
systems and the limited funding 
to support upgrading equipment. 
Submissions to the US Federal 
Communications Commission in one 
recent proceeding indicated that more 
than 20 years would be required to 
improve and deploy receivers that 
would eliminate interference from 
a spectrum band adjacent to GPS 
signals. A study by the US National 
Telecommunications and Information 
Administration forecasted a relocation 
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Sharing spectrum: A strategy for lowering congestion and  
improving service

Solving the spectrum crunch: reduce, reuse, recycle
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As mobile network operators look to use either newly 
acquired or refarmed spectrum efficiently, they shouldn’t 
overlook the potential for actively sharing spectrum 
with other operators. Similar to sharing towers, active 
spectrum sharing lets operators work together to pool 
their spectrum resources and give better service to their 
respective customers. One benefit in particular is that it 
allows operators to resolve congestion issues for voice 
and data services effectively, especially in urban areas 
where acquiring new sites could be difficult and costly. 

Sharing spectrum has been relatively unexplored in 
the US, but the opportunity is being pursued in other 
markets around the world. The 3GPP organisation has 
announced two standards that let operators share Radio 
Access Network (RAN) resources, including spectrum, to 
serve customers more efficiently. And several equipment 
suppliers – including Huawei and Nokia Siemens 
Networks – offer products that allow operators to share 
spectrum resources.

According to the GSMA, several countries already are 
sharing networks or considering doing so. In the UK, 
Vodafone and O211 have an agreement for sharing RAN. 
For operators trying to improve their profitability, sharing 
networks can become critical in reducing deployment 
and operating costs. 

Regulators are now looking for options to go beyond 
actively sharing networks and to develop policies for 
the sharing of spectrum by multiple operators. The UK 
telecom regulator, Ofcom, recently asked the market 
for input on how best to implement spectrum sharing to 
cater to the exploding demand for data. Ofcom estimates 
that the need for mobile-data capacity will increase by 
80 times by 2030. To help operators satisfy the demand, 
what’s called for is a new regulatory strategy that 
addresses how to use spectrum resources effectively. 
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Operators need to plan for timelines 
and costs when deploying spectrum 
already encumbered with other 
licensees, such as will be the case with 
the upcoming broadcast spectrum to 
be auctioned off in the US in 2014. 
And in Europe, several countries – 
including the UK, France, Germany, 
Finland, Sweden, Denmark and Spain 
– currently are working on redeploying 
the broadcast spectrum for mobile 
broadband services. 

Experience shows that a delay in any 
one step in the network deployment 
chain creates a domino effect on 
other activities. A delay can result in 
programme slippage and unanticipated 
cost overruns, not to mention 
negative press and negative effects 
on customers’ satisfaction. Tightly 
coordinating the schedule among 
spectrum management, network 
design, technology development 
and network deployment – as well 
as with any external parties, such as 
government agencies and incumbent 
licensee holders – will reduce overall 
deployment times and costs. 

Utilise

Mobile networks are rarely static 
operations. The continual addition 
of capacity, new sites, and advanced 
technologies means that spectrum 
plans are changing frequently. But 
many operators fail to recognise that if 
their network is to evolve organically, 
using expensive spectrum resources is 
often less than optimal.

One mobile network operator we 
worked with to turn its network 
performance around, for example, 
found that some portions of its 
spectrum assets were being used nearly 
ten times as much as others. That 
meant subscribers with calls being 
held on overused channels were more 
susceptible to internal interference, 
which led to reduced call quality and 
higher dropped-call rates. The fact 
that valuable portions of the spectrum 
portfolio were being underused 
reduced the company’s return on 
investment. Rebalancing how spectrum 
was being used not only enhanced 

cost of US$17.8bn to repurpose just 95 
MHz of spectrum in the 1.7 GHz band.6  
Such costs typically must be either 
recouped through spectrum auctions, 
resulting in high licence costs, or 
funded by new licensees after the fact.

Although they’re just one piece of 
the puzzle, operators’ government 
affairs and public policy organisations 
must continue to play an active role 
in making sure regulators overcome 
these hurdles and keep trying to 
make additional spectrum available. 
Operators’ effectiveness in lobbying 
legislatures and regulators has been 
uneven in recent years, as regulators 
around the world are pressed to 
answer to a larger, more vocal 
base of constituents with diverse 
agendas. To reverse this decline in 
influence, operators need to redouble 
their efforts. Both independently 
and in combination with industry 
organisations, they need to look for 
sources of spectrum that have been 
limited to government or scientific use, 
maintain pressure on regulators to 
expedite spectrum auctions, and apply 
intelligent spectrum caps. 

Models for sharing spectrum 
are emerging as an area worth 
investigating. Today, mobile network 
operators have a unique chance to 
help craft rules that can make sharing 
more suitable to commercial operation 
through defining prioritisation schemas 
and secondary licence registration. 
These steps could lead to a prime 
opportunity to influence the evolution 
of both active and passive network 
sharing. Alternative approaches, such 
as repacking spectrum for government 
users, might also offer significant 
dividends. And jointly developing 
filters for equipment and devices also 
could help yield candidate spectrum by 
keeping channels more secure and less 
susceptible to interference.

To pursue their objectives for acquiring 
spectrum, mobile network operators 
should evaluate how they view 
government with a focus on partnering 
with regulators as they reset current 
policy and examine new spectrum 
models. They should collaborate 

with government agencies to develop 
testing procedures and host testing 
environments for incumbents to find 
spectrum suitable for relocation. 
By collaborating with government, 
operators can expedite pre-transition 
analysis and can help direct analysis 
to more attractive cellular bands 
that otherwise might be overlooked 
as candidates. 

Accelerating spectrum 
reuse
Terrestrial mobile communications 
networks are, at their core, all about 
reuse. In the early days of the industry, 
the very term ‘cellular’ was borrowed 
from biology to convey the similarities 
between individual coverage zones and 
the need to reuse spectrum channels 
in various geographic areas. But 
reusing spectrum is often overlooked 
in designing, deploying and managing 
mobile networks. With demand growing 
and new technologies like small cells 
emerging, reuse is back in the spotlight.

Deploy

An effective spectrum strategy depends 
on a well-executed deployment. But 
operators must think of deployment, 
which can last months or even years 
depending on the size and complexity 
of the network, as more than just 
sourcing, certifying, installing, and 
activating network equipment. In an 
environment of constrained spectrum 
resources, deployment also needs 
to include considering how to clear 
spectrum and planning how to reuse it 
efficiently throughout the network.

The need to clear spectrum is a relatively 
new phenomenon, caused by increased 
congestion and reallocating high-value 
bands to more efficient uses. Clearing 
may seem straightforward – merely 
getting the incumbent user to stop using 
the spectrum – but it rarely is. Clearing 
activities can take years. Constraining 
the process may be the availability of 
replacement equipment, objections from 
incumbent users, legal and regulatory 
approval processes and appeals, and 
even interference issues with adjacent 
user communities.
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To stay ahead of the rising demand for spectrum, leaders need to think 
innovatively about managing spectrum as a life cycle, not an activity. To be 
effective, spectrum management must span planning, acquiring, clearing, 
deploying, decommissioning, and refarming.

Our recent study “Clearing the 
way: 2012 outlook for network 
decommissioning” indicates that 
nearly 90% of wireline and more than 
60% of wireless operators intend to 
decommission a legacy network in the 
next five years.8 Wanting to reduce 
operating costs is primarily what’s 
behind this trend. But operators 
also name improving the customer’s 
experience, eliminating redundant or 
overlapping networks, and shifting 
traffic to more efficient networks as 
typical objectives.

Decommissioning promises to help 
make spectrum available, but it also 
has tremendous risks. Cost overruns, 
operational impacts, customer churn, 
and regulatory violations – all are 
among the worst concerns mobile 
network operators have about 
decommissioning a network.9  

One large operator we worked with was 
nearly too late in realising the negative 
impact its decommissioning was going 
to have on its most valuable enterprise 
customers. Millions of enterprise 
subscribers had to be migrated from its 
legacy network to its next-generation 
network. Then with only months to go, 
the products, services, and coverage of 
the two networks didn’t align, risking 
tremendous churn and dissatisfaction. 
The operator rapidly mobilised a 
programme to manage the migration 
effort, prioritised migrations to retain 
the most valuable customers and 
analysed requirements for all migrating 
customers. With a lot of hard work, the 
migration was planned and completed 
on time with minimal losses.

Recycling spectrum for 
efficiency
The notion of recycling spectrum may 
seem odd but, as with all constrained 
natural resources, recycling has an 
effect and often can be an efficient 
way of gaining more effective capacity. 
Recent auctions have reallocated 
spectrum between users, such as 
shifting television spectrum to be 
used for mobile communications. 
What’s rapidly becoming a widely 
accepted and critical practice is for 
operators to decommission legacy 
mobile communications networks 
and refarming their spectrum 
for use in more efficient next-
generation networks.

Decommission

Decommissioning isn’t usually 
associated with the efficient use of 
spectrum. It’s a capability, though, 
that lets operators make a timely 
transition of spectrum from one, 
often outdated and inefficient, use to 
another. With the growth of traffic 
and with the constraints on spectrum 
demanding that traffic flow over 
only the most efficient networks 
possible, network decommissioning 
is rapidly becoming a requirement 
for mobile network operators. For 
example, Verizon Wireless recently 
announced that, less than three years 
since starting to construct its 4G LTE 
network, it now carries more than 
57% of its data traffic on this newer 
technology and has begun looking 
towards decommissioning its existing 
3G network.7  

Solving the spectrum crunch: reduce, reuse, recycle

customers’ experience – which helped 
to improve network performance to 
best-ever levels – but also made better 
use of the operator’s assets.

New technologies on the horizon 
promise to improve spectrum 
management and use. Self-optimising 
networks will, in theory, make the 
need to manually tune and optimise 
mobile networks nearly irrelevant. 
But such improvements won’t likely 
be realised for many years, as the pace 
of change must be balanced with the 
need to maintain legacy services and 
meet the needs of existing customers 
who have their own upgrade cycle and 
whose service expectations must not 
be compromised. 

Balancing the interests of services 
and subscribers on the one hand and 
capital investments and operational 
savings on the other demands a well-
defined plan so that operators can 
optimise all conditions and coordinate 
with all the stakeholders. Despite new 
technologies and advanced device 
portfolios, it’s largely migrating 
customers who dictate the migration 
path – by influencing the allocating 
of spectrum and planning of the 
network. Mobile network operators 
can try to get customers to migrate by 
offering device upgrades, attractive 
promotions and higher network speeds. 
But until movement in the subscriber 
base is substantial, operators will 
need to keep managing the use of 
spectrum effectively.
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operations, and finance, as well as from 
customer-facing product, marketing, 
sales, and care organisations, is needed 
to align all the functions and make 
high-quality decisions fast.

The rewards of effective refarming 
can be great. In one of the first major 
examples for a mobile network, Sprint 
finished turning off its 2G iDEN 
network in June 2013 and immediately 
began refarming portions of its 
valuable 800 MHz spectrum to enhance 
its 3G CDMA and 4G LTE networks.10  

That’s expected to increase capacity, 
enhance in-building penetration and 
add to the speed of its newest networks. 
And, decommissioning the redundant 
and underused legacy network also 
stands to reduce tower rents, utility 
costs, and maintenance overhead.

Conclusion: Consuming 
responsibly
Spectrum is a precious and constrained 
resource, and one not easily or quickly 
reallocated to new uses. In this world of 
rapidly growing demand for spectrum, 
effective and innovative approaches to 
its management are needed.

Mobile network operators should keep 
the efficient use of spectrum near the 
top of their leadership agendas. They 
should see spectrum as a renewable 
resource to manage, reclaim, and 
redeploy. Operators should recognise 
its high cost, limited availability and 
criticality to their businesses as reasons 
to treat spectrum as the priority it 
should be.

To stay ahead of the rising demand 
for spectrum, leaders need to think 
innovatively about managing spectrum 
as a life cycle, not an activity. To be 
effective, spectrum management must 
span planning, acquiring, clearing, 
deploying, decommissioning, and 
refarming. And, it can’t simply be 
relegated to the domain of network 
and government affairs organisations. 
The operator that manages spectrum 
effectively thinks of it as a team sport 

Despite the importance of network 
decommissioning capabilities, mobile 
network operators rarely focus on 
them. The demands of rapidly and 
efficiently deploying and operating 
networks are more than enough to 
keep most network executives fully 
occupied. Because operators see 
decommissioning the network as 
something they’ll do only once, few 
want to scale up resources and systems 
to support deinstallation, reverse 
logistics, and asset disposition. So, 
forming strong partnering relationships 
with professional services and 
engineering services firms that can 
offer incremental capabilities and 
‘bursts’ of capacity for decommissioning 
activities is paramount.

Refarm

The final step in the spectrum life 
cycle – if there really is such a thing as 
‘final’ in this never-ending process – is 
refarming. As new, unused spectrum 
becomes increasingly scarce, all mobile 
network operators eventually will face 
the need to refarm spectrum. They’ll 
need to turn off current services in 
some spectrum bands so as to replace 
them with newer technologies. 

Refarming offers the opportunity to 
use spectrum more efficiently by taking 
advantage of new technologies such 
as 4G LTE, which cram more ‘bits’ into 
every MHz of spectrum used. Given 
advances in network equipment, 
refarming also promises to increase 
reliability, enhance coverage, reduce 
space, decrease power usage, and lower 
operating costs in many cases.

The complexities involved in clearing 
incumbent users and refarming 
spectrum shouldn’t be underestimated, 
even when those users are within an 
operators’ own company. Successfully 
completing the transition demands 
time, resources and coordination. 
Building dedicated, cross-functional 
spectrum management teams of 
representatives from technology, 
engineering, government affairs, 

and requires all its teams to be aligned 
in a fully cross-functional approach.

Like using our other natural resources 
effectively, managing spectrum 
innovatively pays good dividends. It not 
only reduces the need for additional 
capital to buy spectrum, but it also 
promises to improve the customer’s 
experience and reduce operating costs. 
A successful management approach 
to the spectrum life cycle can make 
a big impact on a mobile network 
operator’s returns by reducing, reusing, 
and recycling the precious resource 
of spectrum.
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Have an iPad?

If so, did you know that you can get this 
issue of Communications Review as an 
iBook? It’s easy to do and it’s FREE. 

 Visit the iTunes store and search for 
‘Communications Review’ or visit  
www.pwc.com/communicationsreview 
and download it from our website. Now 
you can take Communications Review 
with you on your iPad and have access to 
additional audio and video on the topics  
in each issue.


