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Abstract
Inspired by the Colombian mobile telecommu-
nications market, this paper reviews the process 
by which a government’s spectrum agency deci-
des on the allocation of new spectrum bands to 
the mobile communications markets, including 
4G and mobile broadband. It discusses the ele-
ments the spectrum agency needs to consider 
in order to build an analytical framework that 
helps assess the most important issues that 
PD\� KDYH� D� SRWHQWLDO� LPSDFW� RQ� WKH� HɝFLHQW�
allocation of spectrum and, consequently, on 
future market development. 

1.Introduction
Traditionally there has been a quasi-prescripti-
ve approach to spectrum allocation (Cave, Do-
yle and Webb, 2010), by which the regulator de-
cides on the use of a band maintaining control 
and ensuring interference is minimized. This 
can be achieved because the regulator can de-
sign the license terms appropriately.

One of the principles of the spectrum alloca-
tion and assignment problem is that it must be 
HɝFLHQW��(ɝFLHQF\�FDQ�UHIHU�WR�KRZ�WKH�DOORFD-
tion can maximize the ability of the spectrum 
to accommodate technically similar services in 
DGMDFHQW�EDQGV��ZKLFK�DOORZV�ȴWWLQJ�PRUH�XVHUV�
into a given amount of spectrum. The latter 
LV� NQRZQ�DV� WHFKQLFDO� HɝFLHQF\��2Q� WKH�RWKHU�
KDQG��HɝFLHQF\�FDQ�UHIHU�WR�WKH�UHJXODWRU\�RE-
MHFWLYH�RI�PD[LPL]LQJ� WKH�EHQHȴWV� WKDW� VRFLHW\�
obtains from assigning the spectrum; this is 
NQRZQ�DV�HFRQRPLF�HɝFLHQF\��&DYH��'R\OH�DQG�
Webb, 2010).

The most popular mechanism for assigning 
VSHFWUXP�EDQGV�LV�WKH�DXFWLRQ��(ɝFLHQF\�HTXD-
tes to deeming winners those who can make 
best use of the spectrum. When the auction is 
over and results are known, an ex -post inter-
pretation would argue that the bidder who paid 
the largest amount for the bands is that who 
FDQ�H΍HFWLYHO\�PDNH�EHWWHU�XVH�RI�WKHP��&RP-

pared to its alternatives, the auction may more 
WUDQVSDUHQWO\�UHȵHFW�WKDW�WKH�ZLQQHU�LV�WKH�RQH�
who should bring the resource to its best use.
A modern vision of the role of the spectrum 
agency as stated by Ofcom (2013) regards the 
role of the agency as being guided by the fo-
llowing set of principles:

ȫ� 7KH� VSHFWUXP� XVDJH� ULJKWV� VKRXOG� EH� FOHDU�
DQG�XQDPELJXRXV�� DQG� DV� ȵH[LEOH� DV� SRVVLEOH�
while respecting the rights of others.

ȫ�6SHFWUXP�XVHUV�VKRXOG�EH�DEOH�WR�WUDQVIHU�WKH�
rights to use it in a simple and fast way, unless 
WKHUH� LV�VWURQJ�HYLGHQFH�RI�DGYHUVH�H΍HFWV�RQ�
competition.

ȫ�7KHUH�VKRXOG�EH� LQFHQWLYHV� IRU�XVHUV� WR�XVH�
WKH�VSHFWUXP�HɝFLHQWO\�VXFK�DV�D�SULFH�PHFKD-
nism based on the opportunity cost that its use 
imposes on others.

ȫ�7KH�VSHFWUXP�VKRXOG�EH�UHOHDVHG�DV�VRRQ�DV�
possible.

Ofcom’s position indicates that an initial allo-
FDWLRQ�RI�VSHFWUXP�ZLWK�D�VHW�RI�FOHDUO\�GHȴ-
ned property rights can be achieved with an 
DXFWLRQ��WKH�EHVW�PHFKDQLVP�IRU�VXFK�H΍HFW��
This is essentially the observation of Ronald 
Coase in his now famous 1959 article (Coase, 
1959).

Property rights on spectrum result from a 
combination that includes the limits of power 
levels and transmission band masks. This 
approach to spectrum management invokes 
the ability of market-based methods to be 
PRUH� HɝFLHQW� LQ� DOORFDWLQJ� DQG� DVVLJQLQJ�
the resource. In particular, under this view, 
the licenses must be traded for commercial 
transactions between private agents, with as-
sistance from the authority of the spectrum 
when it considers inappropriate. Similarly a 
property rights approach allows, and possibly 
encourages, the leasing of spectrum use by 
licensees without having to inform the autho-
rity or a permit.
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2. A framework for the analysis of 
spectrum allocation

This section describes the elements that should 
be considered in the process of allocating 
spectrum for mobile broadband services. If a 
property rights approach is adopted, such 
allocation process can be understood as an 
initial allocation.

The spectrum agency’s (SA) decision process en-
compasses issues such as how much spectrum 
to allocate, how often to do so, and the allocation 
mechanism to be used. Those must be correctly 
determined in order to stimulate competition in 
WKH�PDUNHW�DQG�PLQLPL]H�DQ\�DGYHUVH�H΍HFWV��7R�
do so, the agency needs to consider and balance 
at least the following aspects:

- Market’s need for access to new spectrum 
bands.
- Technological developments that change the 
way spectrum is used.
- The rules and design of the allocation and as-
signment mechanism.
- Local legislation and international spectrum 
harmonization norms.

It is important to identify points in the current 
process where improved decisions can be 
PDGH�WKDW�UHVXOW�LQ�EHQHȴWV�VXFK�DV�DQ�LQFUHD-
VHG�HɝFLHQF\�LQ�WKH�HYHQWXDO�DVVLJQPHQW��RU�D�
UHGXFWLRQ�RI�WKH�KDUPIXO�H΍HFWV�RQ�FRPSHWLWLRQ�
EURXJKW�DERXW�E\�LQHɝFLHQW�GHFLVLRQV��

Market forces and technology are driving tech-
nology producers and service providers to de-
velop sophisticated ways to exploit the potential 
of spectrum to be shared (Werbach & Mehta, 
2014). New technologies such as cognitive ra-
dio, CR, and ultra-wideband, UWB will increasin-
gly allow using the spectrum in non-traditional 
ways. Fundamentally, these are techniques that 
facilitate spectrum sharing allowing multiple 
users to share a spectrum band on conditions 
DQG�WHUPV�GHȴQHG�E\�WKH�WHFKQRORJ\�DQG�PXVW�
be seriously considered by the SA in the near 
future. In particular, the SA should develop ways 
to incorporate the expected impact of sharing 
(made possible through the above mentioned 
new technologies) into the policy decisions re-
garding amount of spectrum to auction, timing 
of the auction(s) and the anticipated tension 
between expected auction revenue and the so-
FLDO�EHQHȴW�GHULYHG�IURP�WKH�DVVLJQPHQW�

Figure 1: Broadband impact on economic growth and consumer surplus Source: Inspired by ITU, 2012. 
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Decisions on spectrum allocation, the incentive scheme built into a spectrum auction, and its out-
come help shape the markets for wireless broadband access and the services therein provided. A 
wireless broadband infrastructure serves as a platform for business and society in general to ad-
vance many disparate goals, among them contributing to economic growth. 
ΖQ�RXU�YLHZ�ZKDW�PDWWHUV�DUH�WKH�EHQHȴWV�DFFUXHG�E\�DQ�H΍HFWLYH�VSHFWUXP�SROLF\��$Q�DVVHVVPHQW�
RI�WKH�SRWHQWLDO�EHQHȴWV�EURXJKW�DERXW�E\�ZLUHOHVV�EURDGEDQG�GHSOR\PHQW�FDQ�EH�LQVSLUHG�E\�D�
model to assess the impact of broadband in the economy as presented in (ITU, 2012). 

)LJXUH���LOOXVWUDWHV�KRZ�WKH�LPSDFW�RI�EURDGEDQG�FRQVWUXFWLRQ�DQG�GHSOR\PHQW�RQ�ȴUPV�DQG�KRX-
VHKROGV��3RVLWLYH�H΍HFWV�RQ�WKH�HFRQRP\�DUH�UHYHDOHG�E\�VHSDUDWHO\�DQDO\]LQJ�KRZ�DQ�XQGHUWDNLQJ�
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to build or expand broadband leads to investment in infrastructure, on one hand, and to the pro-
YLVLRQ�RI�EURDGEDQG�EDVHG�VHUYLFHV��RQ�WKH�RWKHU��Ζ78������E��PRGHO�PDNHV�H[SOLFLW�WKH�H΍HFW�RQ�
growth (as measured by GDP growth) by linking the construction of broadband infrastructure (such 
DV�DQ�RSWLFDO�ȴEUH�QHWZRUN�WR�WKH�KRPH��WR�GLUHFW�EHQHȴWV�RQ�UHVLGHQWLDO�FRQVXPHUV�DQG�EXVLQHVV��
D΍HFWLQJ� WKH� LQFRPH�RI� WKH� IRUPHU� DQG� WKH�SURGXFWLYLW\� RI� WKH� ODWWHU�� ERWK� FRQWULEXWLQJ� WR�*'3�
JURZWK��ΖQ�DGGLWLRQ��FRQVXPHU�VXUSOXV�LV�DOVR�D΍HFWHG�E\�WKH�H΍HFW�RI�WKH�VHUYLFH�SURYLGHG�RYHU�WKH�
LQIUDVWUXFWXUH�DQG�WKH�H[SHFWHG�UHGXFWLRQ�LQ�WKH�DFFHVV�SULFH���$�WKLUG�H΍HFW�LV�MRE�FUHDWLRQ�ZKLOH�
infrastructure is being built. 

If mobile telephony introduced practices and behaviours that would make highly attractive in com-
SDULVRQ�ZLWK�ȴ[HG�WHOHSKRQ\��LW�FDQ�EH�DUJXHG�WKDW�PRELOH�EURDGEDQG�KDV�SRWHQWLDO�WR�UHSOLFDWH�WKH�
same situation, albeit with its own features, that would probably make it highly attractive to consu-
PHUV��7KLV�LV�LQ�IDFW�ZKDW�RFFXUV�ZLWK��*�VHUYLFHV�LQ�PDQ\�GHYHORSHG�FRXQWULHV��7KH�VRFLDO�EHQHȴWV�
of mobile broadband can then be traced over the same model of Figure 1, but further insights are 
QHHGHG�WR�XQGHUVWDQG�ZKDW�WKH�GL΍HUHQFHV�DUH�ZLWK�UHVSHFW�WR�ȴ[HG�EURDGEDQG�
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3.The Colombian case

As seen in Figure 2 in Colombia spectrum ma-
nagement principles guide the spectrum assig-
nment and allocation processes. The spectrum 
administrator must ensure that national securi-
ty and the protection of life and health precede 
any allocation of spectrum to commercial use. 
Within the scope of any allocation scheme, for 
instance after the announcement that a given 
VSHFWUXP�EDQG�KDV�EHHQ�VHW�IRU�D�VSHFLȴF�XVH��
policy and economic aspects determine the SA’s 
scope for action.

With rising demand for spectrum for wireless 
broadband access the SA must quantify the 
amount of spectrum needed over time and de-
cide how much to assign and when to do so. 
Conventionally the SA would design a process 
for the competitive assignment of a determined 
amount of spectrum aiming to maximise the 
HɝFLHQF\�RI�WKH�DVVLJQPHQW��4XHVWLRQ�DULVHV�DV�
to whether the SA can manage to maximise the 
VRFLDO�EHQHȴW�GHULYHG�DV�ZHOO���+D]OHWW��0X³R]��	�
Avanzini (2012) argue that deeming an auction 
successful on the basis of the amount of reve-
nue raised does not necessarily mean that the 
auction assignment is doing its best. 

4. Balancing revenue generation and 
social welfare.

3XEOLF�VFUXWLQ\�RI�DQ�DXFWLRQ�RXWFRPH�KDV�ȴ[D-
ted on the amount of revenue raised. As argued 
above the SA is also mandated to protect and 
promote the public’s interest. This section pro-
SRVHV�DQG�GLVFXVVHV�D�GHȴQLWLRQ�RI�VRFLDO�XWLOLW\�
function derived from the allocation of spec-
trum bands for mobile broadband services and 
operation of associated services.

When conducting an auction the SA seeks to as-
sign H MHz spectrum; assuming that eventually 
D�IUDFWLRQ�K������K������RI�WKH�R΍HUHG�VSHFWUXP�LV�
actually sold, the social utility function W(h) is an 
additive function of four components :

R, revenue generated by the auction;
9��WKH�VRFLDO�EHQHȴW�
C, administrative cost of running the assign-
ment process, and, CO, the opportunity cost of 
the spectrum not awarded.

The function is then expressed as

W(h) = R(h) + V(h) – C – CO(1-h)
The resources generated by an auction are 
linked to the value of the spectrum. Variables 
D΍HFWLQJ� 5� FDQ�EH�GLYLGHG� LQWR� WZR� W\SHV�� YD-
riables that would occur or realize after the 
auction is run and variables occurring or per-
formed before the auction. For example, the 
value of the spectrum is related to the present 
YDOXH� RI� IXWXUH� FDVK� ȵRZV� IURP� WKH� JDLQV� RQ�
the commercial exploitation of the purchased 
spectrum. The value of the spectrum could also 
be estimated based on the results of previously 
conducted similar auctions in the same jurisdic-
tion or other countries (Bazelon and McHenry 
2013). In either case the spectrum value obtai-
ned is most likely used by auction participants 
in their strategic bids.

4XDOLWDWLYHO\��5�FDQ�EH�D΍HFWHG�E\�D�QXPEHU�RI�
variables. The number of operators interested 
in acquiring spectrum under relatively stan-
GDUG� FRQGLWLRQV�KDV�EHHQ�NQRZQ� WR� LQȵXHQFH�
the revenue of an auction. Conditions imposed 
by the right to exploit the assigned bands to 
the winners of the auction which must be met 
when the service is rolled out; these conditions 
VHHN�WR�SURYLGH�EHQHȴWV�WKDW�ZRXOG�QRW�EH�SRV-
sible if a winner would simply acquire the right 
to exploit the spectrum . The amount of recent-
ly allocated spectrum for IMT services and the 
time elapsed since its assignment; incumbent 
operators and other potential bidders may 
need a reasonable time to be able to compete 
for new spectrum.

7KH�VRFLDO�EHQHȴW�9� LV�D�UHVXOW�RI� WKH�H΍HFW� LQ�
the short, medium and long-term of using the 
spectrum and can be interpreted as the direct 
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and indirect impact on consumers having ac-
cess to mobile broadband. 

5. Conclusions

0HHWLQJ�VHHPLQJO\� FRQȵLFWLQJ�JRDOV� FKDUDFWHUL-
zes the SA’s spectrum allocation and assignment 
problem.  This paper aligns with recent literature 
that argues that auction revenue alone cannot 
be regarded as the only indicator of the success 
of a spectrum allocation and assignment pro-
cess. However, if such is the case, then the size 
DQG�FRPSOH[LW\�RI�WKH�6$ȇV�SUREOHP�LV� LQ�H΍HFW�
ODUJHU�� 1RW� RQO\� KDV� WKH� 6$� WR� DVVXUH� DQ� Hɝ-
cient competitive bidding process that aims to 
PD[LPLVH�WKH�HɝFLHQF\�RI�WKH�DVVLJQPHQW�DOVR�
it has to attend to other decision variables such 
DV�WKH�SHUFHLYHG�VRFLDO�EHQHȴW�GHULYHG�IURP�WKH�
assignment of spectrum and later exploitation 
of services, timing of auction processes, policy 
goals expressed in terms of incentives, bidding 
thresholds and market structure
    
Restating the SA’s problem by identifying a 
broader objective, the social utility function 
W( ) helps guide the process by which, once 
LGHQWLȴHG��D�VSHFWUXP�EDQG�IRU�ZLUHOHVV�EURDG-
band access will be sold. Revenue, R, and social 
EHQHȴW�� 9�� FRXOG� DQWDJRQLVH� DV� UHYHDOHG� E\� D�
WUDGH�R΍�EHWZHHQ�H[SHFWLQJ�KLJK�UHYHQXHV�DQG�
GHOLYHULQJ�KLJK�EHQHȴWV�WR�FRQVXPHUV��7KH�FKD-
UDFWHULVWLFV�RI�VXFK�WUDGH�R΍�DUH�ZRUWK�GLVFXV-
sing. Some hypothesis can be put forward as a 
matter of concluding this paper.
ΖI�WKH�6$�LV�RQO\�IRFXVHG�RQ�VKRUW�WHUP�HɝFLHQF\�
its actions and the results of the auction will be 

assessed by the ability of the process to raise re-
venue. Arguably this has been the case in many 
jurisdictions. If a spectrum exploitation policy 
LV�WR�GHOLYHU�EHQHȴWV�RQ�WLHUV�RI�WKH�SRSXODWLRQ�
for whom mobile broadband access may take 
a long time to reach them, if they are reached 
at all, the SA should then consider including an 
H[SUHVVLRQ�RI�WKH�VRFLDO�EHQHȴW��9��ZLWKLQ�LWV�RE-
jective. V could mean the inclusion of mandated 
goals on coverage under time constraints, for 
instance. The latter has been used in past assig-
nments of spectrum for mobile services. 
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