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Abstract 
 
 Dynamic spectrum sharing technique (“Cognitive Radio”) where secondary users opportunistically utilize 
temporarily or locally unused spectrum has emerged as a prime candidate technology to relieve the perceived spectrum 
shortage. Making a realistic assessment of the amount of spectrum available for secondary services is the objective of 
the EU FP7 QUASAR project. In the project it is found to be fundamentally difficult to reliably determine which part of 
the spectrum is available, which leads to large safety margins consequently to poor spectrum utilization. Further, the 
business success of future systems depends on the scalability of the secondary access techniques. Also, the vast 
majorities of spectrum opportunities are highly localized in time and spaces and strongly dependent on the intended use 
such that they defy common models for spectrum trading. 
 

1. Introduction 
 
 The need for more radio spectrum resources to fulfill the demands of the rapidly growing mobile and converged 
broadband access services is evident. Abundant and fast access to spectrum has three main advantages: it fosters rapid 
innovation in wireless systems and services lowering entry barriers to the market; it enables affordable broadband 
access to all; and it potentially improves services and business models of established mobile operators.  
 Secondary use of already licensed, but underutilized spectrum allotments has been proposed as one solution to 
increase spectrum availability. Low spectrum occupancy in a number of measurement campaigns worldwide has been 
the basis for claims of large gains in spectrum efficiency by cognitive radio and opportunistic spectrum access, see 
e.g.  [1],  [2]. However, little research has been done to substantiate these claims with technological, regulatory or 
economic feasibility studies. For discussions on issues and feasibility analysis of the generic problems related to 
secondary spectrum access, see  [3],  [4]. Except for secondary use of TV white space, which has been extensively 
studied (e.g.  [5] and references therein), there are few concrete studies on other sharing scenarios. The EU FP7 
QUASAR  [6] project aims at bridging this gap between the claims made in conventional cognitive radio research and 
practical implementation by assessing and quantifying the “real-world” benefits of secondary (opportunistic) access to 
primary (licensed) spectrum. In this paper we will report some of the initial findings of the project and their (high-level) 
consequences. We will discuss primarily three areas of concern: 
 
• Spectrum detection schemes and technical parameters of the secondary system determine the amount of 

practically available spectrum. In many popular scenarios the fundamental reliability of the techniques to 
determine which part of the spectrum is available is usually not sufficient to protect the primary users. This leads 
to large safety margins for secondary spectrum use and consequently to poor spectrum utilization (small amounts 
of secondary spectrum).  Limited knowledge/flexibility regarding the system parameters (a.k.a. technology 
neutrality) has a similar effect. 
 

• Scalability is important for business success. Most previous work also focuses on the availability of spectrum for 
a single user, whereas the business success of future systems depends on the scalability of the secondary access 
techniques, i.e. what will be aggregate interference on primary users in large scale usage.  

 
• Conventional economic models for spectrum trading fail, since spectrum opportunities largely depend on the 

technical parameters of the intended user and the potential interference victim. Creating exclusive and 
technology neutral spectrum is associated with massive losses in efficiency. 

 
In the remainder of this paper we will exemplify these finding with preliminary results/studies from QUASAR project. 
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Fig 1. Secondary Use and Interference Scenario  
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Scenario Standard 
deviation 

IM
(95%) 

IM
(99%) 

Rate 
(IM=95%) 

Rate
(IM=99%) 

Low detection correlation (0= ߚ) 1,66 53,5 37,8 23,0E-04 4,51E-06 

High detection correlation (1= ߚ) 2,86 50,1 35,4 21,5E-04 9,75E-06 

Known primary receiver position 11,3 18,6 26,3 1,38E-02 2,33E-03 

Known path gain ܩௌ௉ 8,0 13,2 18,6 4,83E-02 1,38E-02 
Genie aided access (full knowledge) 0 0 0 1 1

 
Table 1:   Required interference margin IM and achievable relative secondary transmission rate for 95% and 99% availability for primary receiver and 
various detection scenarios.  The shadow fading standard deviation is 8 dB and the primary receivers are assumed to be uniformly distributed over the 
area. As a consequence the distance to the nearest primary receiver is exponentially distributed. The standard deviation of the distance term for α=4 is 
roughly 20dB 

 
3. Scalability of Secondary Access 

 
 An availability of secondary access in a particular location by a secondary device is not attractive enough from a 
business perspective. Secondary access will be commercially interesting only when it is scalable, i.e. it can support 
sufficient secondary traffic in a large area. This means that the primary spectrum should be “re-used” by multiple 
secondary users. However, the impact of multiple secondary users has not been properly addressed in the existing 
regulatory approaches.  
 In TV white spaces, recent ECC report 159 proposes a methodology to regulate transmission powers of 
secondary users and assess the value of the spectrum [8]. In a nutshell, the methodology can be described as follows: a 
large geographical area is divided into pixels. Then, the maximum allowed transmission power for a secondary user, ௌܲ,௠௔௫, is calculated in each pixel with the constraint of the TV coverage probability as shown below: 
 
     Prൣܴܺ௉ ൒ ܴܺ௉,௠௜௡ ൅ ௏்ܫ ൅ ൫ܫ ௌܲ,௠௔௫൯ ൅ ൧ܯܫ ൒   (4) , ݍ
 
where ݍ is the required TV coverage probability, ܴܺ௉ is the received signal power at a TV receiver, ܴܺ௉,௠௜௡  is the 
minimum TV receiver sensitivity, ்ܫ௏ is the interference from other TV transmitters, and ܫ൫ ௌܲ,௠௔௫൯ is the interference 
from the secondary user as a function of ௌܲ,௠௔௫ . Safety margin and multi-user margin are accounted for by the term ܯܫ. 
It should be noted that the methodology in [8] takes only a single secondary transmitter into account. Although the 
effect of multiple secondary users can be considered by ܯܫ, a method for obtaining proper ܯܫ value has not been 
established yet. A conservative ܯܫ will result in the loss of spectrum opportunity, while insufficient multi-user margin 
has a risk of failing to protect TV receivers.  
 Another example of secondary access is the use of radar spectrum in 5 GHz by low power devices such as 
WLAN. ETSI standard EN 301 893 specifies the thresholds and requirements for the secondary devices [9]. The 
transmission decision of each secondary user is regulated by individual detection result: a secondary device with a 
power density of 10 dBm/MHz can use a primary spectrum if a detected radar signal power is less than -62 dBm. 
Notably, the detection threshold of -62 dBm remains constant regardless of the number of secondary devices.  
 In [10], a mathematical framework to describe the aggregate interference in the radar spectrum is proposed under 
the assumption of uniformly distributed secondary users. Key findings of the study are as follows: first, aggregate 
interference hugely depends on the propagation environment. Thus, accurate description of propagation loss is a 
prerequisite for reliable interference modeling. Second, the impact of multiple secondary users should not be ignored 
particularly when path loss does not attenuate fast, e.g. rural or line-of-sight propagation environments. This implies 
that we need to be more cautious in dealing with primary users in rural area. Similar result is reported when airborne 
equipments are considered to be the potential primary users [11]. 
 In this section, we focused on the aggregate interference from multiple secondary users to primary users as one 
of the main challenges for the scalability of secondary access. There are other issues to be addressed such as the mutual 
interference among secondary users and medium access control (MAC) mechanism for the secondary users. More 
discussion on secondary sharing schemes can be found in [12]. Overall, substantial research efforts are required to 
ensure the scalable secondary access. 
 



4. Low efficiency of Secondary Spectrum Trading 
 

 Traditional economic models for trading tell us that an efficient market requires assets that are general enough to 
attract the interests of many potential players [13]. The more constraints are put on the use of the asset, the lower is the 
expected value. In opportunistic spectrum access, the vast majorities of spectrum opportunities are not “spectrum holes” 
that anyone can use anywhere and for any purpose, but instead they are highly localized in time and space. Furthermore, 
if there are opportunities to be found, these strongly depend on the technical parameters of the intended user. QUASAR 
results show that there in many cases is plenty of such “specific availability” of spectrum for a specific transmission at a 
given place and time, but this is not very useful to others – not even in the local surroundings. Making the spectrum 
asset more general in the sense that it should be available over large geographical areas and for a wide range of 
applications (a.k.a. “technology neutrality”), will require significant interference margins as demonstrated in section 2,  
lowering the spectrum availability with many orders of magnitude. An example on how difficult it is to come by 
exclusive, technology neutral spectrum, are the recent spectrum reallocations in the 800 and 900 MHz band due to 
conflicts with legacy systems (e.g. GSM-R, TV-broadcast). 

 
5. Conclusion 

 
 Some of the key findings demonstrated in QUASAR project thus far are that there is plenty of availability of 
spectrum for opportunistic reuse, in particular when it comes to short range secondary systems. Broadcast spectrum is 
more difficult to reuse since spectrum sensing does not provide sufficient information for protecting the broadcast 
receivers. Scalability, i.e. the effects of massive secondary spectrum usages, is identified as a significant problem for 
further study.  
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