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Abstract 

To understand the utilizability of TV white spaces (TVWS), a comprehensive overview of the outdoor and indoor 

network design over TVWS is given. The related challenges are analyzed. The potential approaches to overcoming these 

challenges are discussed. The open research issues are investigated. The result shows that: in the indoor scenario, the white 

space ratio is on average 18.4% higher than that in the outdoor scenario, which corresponds to 7.7 vacant TV channels. 

Both network design includes 7 key components: TV spectrum identification, access point (AP) discovery, AP association, 

spectrum allocation, band width adaptation, interface control and disruption handling. Due to building penetration loss, the 

indoor TVWS identification and AP placement should be carefully considered in the indoor scenario.  
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1  Introduction
  
 

According to the Cisco visual networking index (VNI), 

global mobile data traffic grew 74% in 2015. Global 

mobile data traffic reached 3.7 EB per month at the end of 

2015, up from 2.1 EB per month at the end of 2014. And 

this increase is predicted to continue for several years 

nearly doubling annually over the next five years. 

Available spectrum will be clearly insufficient to meet this 

demand in the last two decades. In order to solve the 

problem of lack of spectrum resources, one solution is the 

open of new spectrum, both licensed and unlicensed. 

Resulting from the transition to digital TV, a substantial 

amount of TV spectrum that was previously used by 

analog transmission will become entirely vacant due to the 

higher spectrum efficiency of digital TV (DTV). These 

newly freed up spectrum along with other unused spectrum 

located in the very high frequency (VHF) and ultra high 

frequency (UHF) bands (50 MHz~700 MHz) is called ‘TV 

white spaces’.  
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In 2010, Federal Communications Commission (FCC) 

passed a series of rules that allow cognitive equipment 

opportunistic to use TVWS. Furthermore, in 2012, FCC 

took the unprecedented step of allocating significant 

portions of TVWS for unlicensed used [1]. These 

regulatory rules open up an opportunity to develop new 

wireless networks to utilize this spectrum. However, 

accessing to TV spectrum also comes with some technical 

challenges related to the following two questions:  

1) How to identify the available TVWS?  

2) How can we design a network to utilize the TVWS?  

These two key research works on TVWS can be 

inducted as identification and network design both for 

outdoor and indoor scenarios, as shown in Fig. 1. 

TVWS identification has been received a lot of research 

in recent years [2], while the research of TVWS network 

design are less. In this paper, we focus on the aspect of 

TVWS network design. We provide a comprehensive, 

up-to-date survey of the key research work on TVWS 

network design both for outdoor and indoor scenarios. We 

also identify and discuss the key research challenges which 

are related.  
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Fig. 1  Key research networking issues in TVWS for indoor 

and outdoor scenarios 

The rest of this paper is organized as follows: in Sect. 2, 

an overview of significance research in TVWS is provided. 

In Sect. 3, the standard process of TVWS network design 

in outdoor scenario is discussed. In Sect. 4, because of the 

great difference between indoor and outdoor scenario, we 

first analyze the indoor spectrum detection mechanism, 

then discuss the network design for indoor scenario. 

Conclusions are shown in Sect. 5.  

2  TVWS 

2.1  Conception of TVWS 

In most developed countries, regulators have currently 

either completed or been in the process of requiring TV 

stations to convert from analogue to digital transmission. 

For example, the digital switchover (DSO) that was 

completed in Germany in 2008, USA in 2009, Canada in 

2011, and UK in 2012, is expected to be completed in 

Singapore by 2017, and in China by 2018. A similar 

switchover process is also underway or being planned in 

the rest of the Europe and most developing countries 

around the world. After DSO, a substantial amount of TV 

spectrum that was previously used by analog transmission 

will become entirely vacant due to the higher spectrum 

efficiency of DTV. These cleared channels will be 

reallocated by regulators to other services. The TVWS 

initiatively make about 300 MHz of wireless spectrum 

available for new products and services.  

2.2  Advantages of TVWS 

The FCC ruling to allow unlicensed access to TVWS 

has opened a new and very promising scope for innovation 

in applications and services. There is significant interest in 

using TVWS, including building rural wireless broadband 

networks, machine-to-machine (M2M) application and 

other smart meter communications. This is because these 

low frequency bands have a good non-line of sight 

propagation characteristic as well as an excellent 

in-building penetration and reasonable infrastructure 

requirement. There are several key reasons why TVWS is 

attracting so much interest around the world.  

2.2.1  Rich TV spectrum resources 

The analog-to-digital transition frees up a substantial 

amount of TV spectrum. Although these spectrum bands 

vary from one location to another, large amounts of white 

spaces are available for exploration, especially in rural area 

where there are fewer TV stations and lower population 

density. Several studies estimate that the available TV 

spectrum can range from a few 10 MHz in crowned urban 

areas to over 100 MHz in suburban and rural areas [3]. For 

example, measurement conducted by the Office of 

Communications (OFCOM) shows that more than     

150 MHz of interleaved spectrum is available at 50% of 

UK locations [4]. Similarly, spectrum utilization survey 

taken in Ref. [5] indicates that over 96 MHz of TV 

spectrum is available in many parts of USA. While in 

Singapore, the average spectrum occupation of the bands 

from 80 MHz to 790 MHz is only 31% [6]. In other 

developing countries, such as India and South Africa, TV 

spectrum is expected to be even more abundant due to 

fewer TV stations and fewer TV channels used. Similar to 

USA and Europe, more than 50% of the TV channels are 

vacant in Hong Kong, China [7]. All these reports indicate 

that there exists large amount of TVWS to provide 

enormous scope for innovation in wireless services as well 

as to mitigate the spectrum scarcity.  

2.2.2  Good propagation characteristic 

TVWS are found in the low frequency range compared 

to the typical industrial scientific medical (ISM) bands 

(e.g., 2.4 GHz), this result in much better propagation 

characteristic. At free space, the received power is roughly 

inversely proportional to the square of the frequency [8]. 

In real world, to account for additional phenomenon like 

diffraction and reflection, such frequency dependence is 

even larger than a square law in some cases [9]. Therefore, 

the coverage range of TV frequency is much larger than 

that of 2.4 GHz and 5.8 GHz bands due to its lower 

propagation loss. The measurement results in Ref. [10] 

show that the service coverage area can be enlarged up to 



https://isiarticles.com/article/144130

