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Executive Summary
In April 2011, a six-partner consortium, with support from the UK government’s Technology
Strategy Board, started work on a rural broadband trial network that would use white space radio
spectrum to provide broadband connectivity to a small community on the south part of the Isle of
Bute, Scotland. A key aim was to investigate and demonstrate the potential of white space spectrum
for providing broadband access to remote, difficult-to-reach rural areas in challenging terrain. The
18-month project involved the planning and installation of white space radio links from the local
telephone exchange to eight premises in the surrounding area, as well as backhaul connectivity from
the telephone exchange to the mainland and then on to BT’s IP backbone for access to the Internet.
The trialists have enthusiastically embraced the network for a wide range of uses related to
working life, social life, leisure and recreation, online shopping, education, etc. During a one-month
period in the summer of 2012, over 319,000 URL requests were made, with an average download of
14 Gbytes per trialist. Data throughput rates on the network depend on a number of factors,
including the wireless technology being used, transmission power levels, distance from the base
station, and terrain profile. Some trialists are able to experience download rates of 14 Mbit/s (TCP)
and 23 Mbit/s (UDP) at up to 2 km from the base station. Beyond 2 km, throughput rates decrease
but are generally still very usable at up to 5 km.
Field measurements were performed in and around the trial area and were found to be in
reasonable alignment with predictions obtained from theoretical modelling. The difference between
UKPM median predictions of DTT signal levels and values measured in the field was log-normally
distributed with a mean of zero and a standard deviation of approximately 6 dB, which compares
favourably with the currently accepted value of 5.5 dB.
Some interesting findings emerged in connection with electromagnetic coupling from white
space devices to digital TV receivers, particularly in relation to TV pre-amplifiers and their ability to
allow white space transmissions to overload a TV receiver’s input stage. Many of the houses in and
around the trial coverage area were subscribing to satellite TV services, but of those which were
equipped to receive DTT signals, many were found to have multiple TV sets and head-end amplifiers
with distribution splitters, and the amplifiers were observed to be set to very high gain levels –
higher than necessary for DTT reception. (The amplifiers were installed during the days of analogue
TV and their gains have not been subsequently reduced.) These amplifiers increase the level of
interference that reaches the TV receivers, and they also have dynamic range limitations of their
own, which can further corrupt the wanted DTT signal.
In addition, DTT receivers themselves were found to exhibit widely varying performance in the
presence of transmissions from white space devices, with protection requirements varying by up to
30 dB. Some silicon tuner designs, in particular, were found to be vulnerable to WSD transmissions.
This is an important issue as DTT receiver protection ratios will have a direct impact on permitted
WSD transmit powers; a 30 dB increase in DTT protection ratio would, for example, result in a 4 W
TV white space base station being forced to limit its transmission power to just 4 mW.
Some interesting findings also emerged with regard to the height at which white space antennas
should be set. On the one hand, a higher antenna will typically result in a lower path loss for the
white space signals; on the other hand, reducing the height of the antenna helps to reduce
interference from DTT transmissions. In essence, therefore, a trade-off exists and the height of the
white space antenna must be carefully chosen in order for maximum performance to be achieved.
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The round-trip time of the radio link is also important, especially in cases in which TCP window
scaling on client devices is not handled automatically or is not supported at all. This could have
implications for the performance of applications such as remote file systems using NFS or SMB,
online gaming, and remote desktops (RDP). But even if tuning of the TCP window size is supported
on a particular client device, it must be borne in mind that in order to achieve high data throughput
rates on a high-delay communications link, a relatively large TCP window size is needed. This
consumes more buffer memory in the sending and receiving devices, which could be an issue for
client devices with limited memory capacity. Clearly, therefore, a low round-trip time is desirable.
Field measurements suggest that some 75% of white space channels on Bute would be usable in
practice. However, further work is needed in areas such as: assessing scalability, through larger-scale
trials and the use of multiple TV channels (i.e. bonding); considering ways of further extending reach
through the use of self-powered relay masts; improving the co-existence between white space
devices and DTT receivers, through research into ‘DTT-friendly’ white space radio protocols as well
as efforts to improve the resilience of DTT receivers in the presence of white space transmissions;
developing representative models of WSD-to-DTT coupling and creating practical guidelines for
‘good’ WSD installation; understanding the effects of DTT mast-head pre-amplifiers on the
assessment of DTT protection margins; understanding the extent to which DTT signals may interfere
with white space transmissions and the implications that this has for the optimal determination of
white space antenna height; and understanding the impact of round-trip time on application
performance.
In summary, the trial on Bute has been extremely useful in gaining insight into the viability of
using white space spectrum for rural broadband provision, and has successfully demonstrated the
potential of white space technology through the use of real-world applications such as video
streaming and video conferencing. The provision of adequate broadband connectivity in rural areas
is clearly very important in today’s society, and the benefits of using white space spectrum are
applicable not only to remote parts of Scotland but also to remote areas in many other parts of the
world.
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Glossary of Terms
ACS

Adjacent Channel Selectivity.

AGC

Automatic Gain Control.

BS

Base Station.

C/I

Ratio of Carrier power to Interference power.

COM
Coupling Gain/Loss

CPE
dBm
dBµV/m
Downlink
DTT

Commercial multiplex.
A measure of the extent to which electromagnetic energy radiated by a
WSD antenna gets picked up by a DTT antenna. Coupling gain/loss is
typically measured in decibels (dB).
Customer Premises Equipment.
Unit of power, measured in decibels relative to 1 milliwatt (mW).
Unit of electric field strength, measured in decibels relative to
1 microvolt per metre (µV/m).
Radio link from BS to CPE.
Digital Terrestrial Television.

DVB-T

Digital Video Broadcasting - Terrestrial. (European DTT standard,
adopted by numerous countries worldwide.)

EIRP

Effective/Equivalent Isotropic Radiated Power – The power that an
isotropic antenna would need to radiate in order to produce the same
power as an actual antenna in its direction of maximum power
transmission.

FCC
HP
IP
ITU

Federal Communications Commission (US regulator).
Horizontal Polarization.
Internet Protocol.
International Telecommunication Union.

MAC

Medium Access Control – Mechanism by which a device’s access to the
radio link is controlled.

MIMO

Multiple Input, Multiple Output – The use of multiple antennas to
improve communications performance.

Ofcom

Office of Communication (UK regulator).

PHY

Physical layer – Mechanism by which signals are modulated and
transmitted on a radio link.
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Programme Making & Special Events – e.g. wireless microphones and
in-ear monitors used in theatres, sports venues, music festivals, etc.
Power Over Ethernet.
The minimum permitted ratio between a wanted DTT signal and an
interfering signal for stable TV reception.

PSB

Public Service Broadcast.

RTT

Round-Trip Time – the time interval between a data packet being
transmitted and a corresponding acknowledgement being received.

TCP

Transmission Control Protocol.

TDD

Time Division Duplex – Transmit and Receive signals are time division
multiplexed in order to emulate full-duplex communication on a halfduplex physical channel.

TVWS

TV White Space – White spaces in the TV band (470-790 MHz for ITU
Region 1).

UDP

User Datagram Protocol.

UHF

Ultra-High Frequency (300 MHz – 3 GHz).

UKPM

UK Planning Model.

Uplink

Radio link from CPE to BS.

UNESCO
VoIP
VP
White Spaces
WSD

United Nations Educational, Scientific, and Cultural Organization.
Voice over IP – the transmission of speech over IP networks.
Vertical Polarization.
Portions of radio spectrum which are not used by existing licensees at
all times or in all locations.
White Space Device.
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1
Internet usage has been rising exponentially in recent years, as developments in technology have
enabled increased data rates and connectivity in many parts of the world. This has spawned new
applications which large numbers of people have been embracing in their personal and professional
lives. Many people now rely on social networking and Internet-based video-conferencing
applications to keep in touch with friends and family, or to search for all manner of information that
would previously have been unavailable or difficult to access. Many businesses have transformed
the way in which they operate, through innovative and effective use of the Internet as a powerful
tool for interacting with customers and suppliers. Governments and not-for-profit organizations are
using the Internet to reach people and interact with them in ways which previously would not have
been possible.
Despite all of this, however, there are still large numbers of people around the world for whom
Internet access is slow and cumbersome, or even non-existent, and for whom many of the abovementioned applications are unavailable. This is particularly true in rural areas, where sparse
populations and rugged landscapes often make it difficult or expensive to roll out high-speed
Internet connections. Many governments and other organizations such as the ITU and UNESCO have
recognized and acknowledged that Internet connectivity is essential for the prosperity and survival
of such communities, and have committed to various targets aimed at improving coverage and data
rates.1
In the UK, BT has been equipping more and more of its telephone exchanges and street cabinets
with fibre-based broadband infrastructure. However, extending the fibre-based infrastructure is only
part of the solution. Many homes, particularly those in rural areas, are situated several miles from
their local exchanges, with no cabinets in between, and the achievable data rates are limited by the
length of the copper-wire telephone lines from the exchange to the home.
One potential approach to solving this ‘local loop’ line length problem is to use wireless radio
links instead, and with recent developments in spectrum management policy emerging from the
switch-over of TV broadcast transmissions from analogue to digital, interest in so-called ‘white
space’ spectrum is gathering pace around the world. Rural broadband is one of the key applications
that could potentially benefit from making use of white space spectrum.

1.1
‘White Spaces’ are portions of radio spectrum which are not used by existing licensees at all
times or in all locations. Figure 1-1 illustrates the concept, showing unused ‘white spaces’ between
licensed transmissions. With demand for wireless connectivity increasing, the exploitation of white
space is an attractive way of making more efficient use of radio spectrum.
1

See, for example, Chapter 3 of “The State of Broadband 2012: Digital Inclusion for All” [1].
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‘White Spaces’ (unused spectrum)

f

Figure 1-1:

Graphic illustration of licensed transmissions
frequencies, with ‘white spaces’ between them.

at

certain

In many countries, analogue television broadcasts are being switched off and replaced by more
spectrally efficient digital television transmissions, and the white spaces that exist in the UHF TV
band (470 MHz - 790 MHz in ITU Region 1) have good propagation and building penetration
characteristics.1 This potentially makes them suitable for use in rural broadband applications, where
transmission links may be several kilometres in length and may involve challenging terrain such as
hills, foliage, and water.
The US regulator (FCC) and the UK regulator (Ofcom) have indicated that they intend to make
certain parts of the TV band available for use on a licence-exempt basis. This represents an
interesting and novel development in the management of spectrum, as it involves unlicensed
transmissions being interleaved with those of licensed users such as TV broadcasters and
‘Programme Making and Special Events’ (PMSE) users. Several other regulators around the world are
actively considering similar approaches. Figure 1-2 shows an illustration of white space transmissions
existing alongside licensed transmissions.
Allowing licence-exempt devices to interleave their transmissions with those of licensed users
does, however, present challenges in ensuring that such unlicensed transmissions will not adversely
interfere with the licensed transmissions. The approaches adopted by the FCC and Ofcom differ
slightly, but both involve the use of a regulator-approved database which White Space Devices
(WSDs) will need to consult before being allowed to access the spectrum.
Licensed transmissions

‘White Space’ transmissions

f

Figure 1-2:

Some of the ‘white space’ spectrum may be utilized by licenceexempt devices interleaving their transmissions with those of
licensed users.

1

Radio signals at 470-790 MHz are better able to diffract over hills and penetrate objects such as foliage than
signals at higher frequencies such as 2.4 GHz or 5.8 GHz.
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1.2
With broadband connectivity clearly an important social and economic issue, and with new
regulatory developments emerging in the management of spectrum following the switch-over from
analogue TV to digital TV, an 18-month collaborative R&D project was set up to install a trial network
using white space radio spectrum to deliver broadband to a small rural community on the south part
of the Isle of Bute in Scotland (see Figure 1-3).
The project involved six collaborating partners, with support from the UK government’s
Technology Strategy Board. A key aim of the project was to assess the technical performance and
viability of white space spectrum as an alternative to copper wires for broadband access in
challenging, hilly terrain. Performance was measured on a number of levels, ranging from data rates
and latencies through to user experience while using applications such as video-conferencing and
video streaming.
As well as assessing the technical ability of the network to provide broadband access, a further
aim was to investigate the extent to which the white space broadband transmissions would be able
to co-exist with Digital Terrestrial Television (DTT) transmissions without adversely affecting TV
reception, and to what extent theoretical predictions would match measurements made in the field.
This, it is hoped, would help to inform a number of decisions being considered by Ofcom with regard
to regulation of white space access in the UK.
The trial involved a small number of homes in the Kilchattan Bay area of Bute, each linked to the
local BT telephone exchange via a wireless white space link, as illustrated in Figure 1-4.

ISLE
OF
BUTE

Figure 1-3:

The Isle of Bute lies approximately 10 km west of the Scottish
mainland, and is easily accessible by a 30-minute ferry crossing.
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High-level illustration of test bed.

It was envisaged that the white space transmissions would yield good performance over large
distances, even in cases where homes were over hills or on the other side of a wood or forest.
However, it was also envisaged that even further reach could be achieved by installing one or more
white space ‘base station’ masts at suitable locations some distance from the telephone exchange,
and relaying the broadband traffic back to the exchange via a point-to-point radio link (which need
not necessarily be white space). In order for such an approach to be cost-effective in a commercial
setting, it would be important for these base stations to be self-powered, and not to require any
connection to the electrical grid. (Most of them would probably need to be located at sites where no
electrical power was available, and where the laying of power cables to bring electricity to the site
would be prohibitively expensive.) For these reasons, the project also aimed to investigate the
feasibility of using self-powered base station masts equipped with point-to-multipoint white space
radio equipment as well as point-to-point backhaul radio equipment.
Finally, as this was to be a real network with real people using the broadband services provided
to them during the trial period, usage statistics would be collected and a trialist survey carried out, in
order to gain insight into how broadband connectivity was being used and to what extent rural
communities need good Internet access in order to prosper in a modern, permanently-connected
world.
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1.3
Six partners formed the consortium that was set up to carry out the project:
Steepest Ascent, Ltd – a privately owned SME with its head office in Glasgow, UK and an
office in Los Angeles, USA. The company’s core business lines are the provision of mobile
and wireless simulation libraries, DSP software tools, professional short- and long-term
consulting, embedded communication, and network systems design. Steepest Ascent was
the lead partner in the consortium, responsible for managing the project and providing
engineering expertise in RF planning and installation.
BT – one of the world's leading communications services companies, operating in more
than 170 countries worldwide. BT is the largest communications services provider in the
UK, serving over 15 million business and residential customers, as well as providing
network services to other licensed operators. Representatives from BT Innovate and
Design and from Openreach were part of the project consortium. Openreach led the
installation of infrastructure equipment in the local telephone exchange and the
provision of backhaul connectivity to the mainland and the backbone IP network. BT
Innovate and Design provided engineering expertise and prototype WiMAX-based white
space radio equipment for the project.
BBC Research and Development – BBC R&D is at the core of the BBC's efforts to be at the
cutting edge of media technology, and drives the exploration of exciting new production
tools and distribution technologies. They have pioneered the research into many of the
platforms that have emerged in the last decades, and today they are still leading the way
in the invention and implementation of new ways to deliver content to UK audiences.
Over recent years the BBC has been at the forefront of the roll-out of Freesat, and has
been instrumental in the Digital Switch Over and Freeview HD service. The BBC led the RF
test & measurement activities on Bute, and provided technical expertise on DTT coverage
predictions and interference modelling.
Berg Design, Ltd – industrial design engineers who provide unique, tailor-made solutions
from initial product design to full manufacturing support. In the Bute white space project,
Berg provided consultancy and mechanical design support for the first-generation
extended-reach UHF/GHz base station mast at the BT telephone exchange in Kilchattan
Bay.
Netpropagate Systems, Ltd – UK operating subsidiary of Netpropagate Corporation,
based in Los Angeles, USA. Netpropagate’s core product is a next-generation video
conferencing and collaboration solution for mass deployment using standard PCs and
standard broadband. This formed one of the user applications used in the project.
University of Strathclyde – the University of Strathclyde's Department of Electronic and
Electrical Engineering comprises over 65 members of academic staff and is one the
largest in the UK. Staff from the Department’s Centre for White Space Communications
provided prototype Wi-Fi-based white space radio equipment for the test bed on Bute,
and were heavily involved in the practicalities of installing and configuring the radio
network.
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1.4
The project was implemented in four ‘work packages’:
Installation and commissioning of the network (see Section 2)
TV-band white space transceivers were installed at eight trialists’ premises and the aerials
were pointed in the direction of the telephone exchange, where a white space base station
mast was erected. The telephone exchange was equipped with a dedicated 18 GHz backhaul
microwave link (not white space) to the mainland, where an IP connection to the BT
backbone was made. After testing, the network was activated and the trialists were
encouraged to use it normally.
Modelling, laboratory testing, and field measurements (see Sections 3 to 5)
Field measurements were made (during a 10-day period in June 2012) in order to
characterize the performance of the network and evaluate the impact on DTT reception.
Comparisons were made with predictions obtained from theoretical models and laboratory
tests.
Assessment of network operation and user experience (see Sections 6 and 7)
The operation of the network was monitored while video-streaming took place, and trialists
took part in video-conferencing sessions to test the network’s ability to support broadband
applications. A user survey was also carried out towards the end of the trial period, in order
to gain insight into the trialists’ experiences and their views on the connectivity provided to
them during the trial and on broadband in general.
Technical R&D and development of self-powered masts (see Section 8)
Technical R&D activities were carried out in relation to self-powered radio communications
masts (using wind and solar energy).
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2

Figure 2-1 shows a high-level diagram of the network. A high-capacity 18 GHz microwave
backhaul link was set up between the telephone exchange at Kilchattan Bay on Bute and West
Kilbride on the mainland, where a connection to BT’s IP backbone was made in order to provide
Internet connectivity for the trialists.
Point-to-Multipoint white space radio links operating in the TV band were set up between the
Kilchattan Bay telephone exchange and trialists’ premises. This involved the installation of white
space Customer Premises Equipment (CPE) at trialists’ premises and the construction of a white
space base station mast in the grounds of the telephone exchange.

Figure 2-1:

High-level illustration of network.
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2.1
Figure 2-2 shows the test bed coverage area, which is challenging for radio communication due to
its hilly terrain. The eight trialists’ locations were split into two groups of four: Trialists in Group 1
were equipped with white space radios based on Wi-Fi technology which was modified to operate
within a single UHF TV channel; trialists in Group 2 were equipped with white space radios based on
WiMAX, operating in a different TV channel from that which was used for Group 1.

2

1

Kilchattan Bay
telephone exchange
Figure 2-2:

Test bed coverage area. Group 1 based on Wi-Fi; Group 2 based on
WiMAX.

2.2
Two types of white space radio equipment were used in the trial:
Prototype equipment from the University of Strathclyde’s Centre for White Space
Communications, based on XR7 Wi-Fi technology from Ubiquiti Networks. A number of
modifications were made, including scaling of the bandwidth down to 5 MHz so that
transmissions would fit within a single, 8 MHz-wide TV channel. This equipment was used
for trialists in Group 1.
Equipment from Airspan Networks, based on WiMAX (IEEE 802.16e), configured to
operate within a single, 8 MHz-wide TV channel, using 2×2 MIMO with antenna
polarizations of ±45°. This equipment was used for trialists in Group 2.

8
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In each group, uplink and downlink radio transmissions between the base station and trialists’
CPEs took place using Time Division Duplexing (TDD). The non-operational test licence issued by
Ofcom allowed for three 8 MHz channels to be used if required, but at any one time, only two were
utilized in the network: one for the trialists in Group 1, and another for the trialists in Group 2.

2.2.1
CPE units comprising a white space transceiver and aerial were installed at trialists’ premises, as
shown in Figure 2-3. The white space transceivers were mounted externally and connected to an
Ethernet cable which was fed into the premises.
Inside the premises, a small Ethernet/Wi-Fi router was supplied and configured to allow a
number of devices within the home to be connected to it. (The provision of a pre-configured router
allowed trialists to easily add end-user devices within the home without there being any need to
modify the address space of the master firewall.)
The Ethernet cable was also used to deliver electrical power to the externally-mounted white
space transceivers, using Power-Over-Ethernet (POE).

Figure 2-3:

CPE installations at trialists’ premises.
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2.2.2
At the Kilchattan Bay telephone exchange, a mast was built and fitted with a white space base
station pointing roughly westwards for the trialists in Group 1 and one pointing roughly northwards
for the trialists in Group 2. The set-up is shown in Figure 2-4.

Microwave
backhaul antenna

Figure 2-4:

White Space
base station
mast

White space base station mast at Kilchattan Bay telephone
exchange. The 18 GHz backhaul dish antenna is also visible.

2.3
Backhaul was provided using standard products from BT Global Services, BT Wholesale, and
Openreach. Internet access was provided by a BT Net connection. It was necessary to increase the
capacity of the telephone exchange at Kilchattan Bay, and this was achieved by installing an 18 GHz
microwave link from the exchange to the mainland over a 12 km path. The microwave antenna at
the exchange can be seen in Figure 2-4.
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3

Data throughput on the network was measured and analysed in a number of ways. First, the
white space equipment was tested in the laboratory, with base stations and CPEs connected using
cables and attenuators so that RF signal levels could be varied in a controlled manner and the results
measured. This was followed by field measurements, with WiMAX and Wi-Fi CPEs installed in a
mobile survey vehicle and used to measure data throughput performance at various locations in the
vicinity of the base stations at the Kilchattan Bay telephone exchange. Finally, some automated
measurements of throughput were made at trialists’ premises over the course of several weeks. The
key results are presented below. Further details can be found in [3].

3.1

- -

The achievable end-to-end throughput is a function of several factors:
Path loss and multi-path effects associated with the radio channel;
Physical Layer capabilities of the radios, e.g. modulation scheme, use of MIMO
techniques, etc;
Efficiency of the MAC layer in its ability to share the radio channel among different users;
The Internet transport protocol in use, e.g. TCP or UDP (see Box 3.1 on Page 12).
An important factor which must be borne in mind when using TCP is that successful data
transmission relies on successful acknowledgements in the reverse direction, so any asymmetry in
the radio link that causes acknowledgement packets to be lost could have a negative impact on TCP
performance, even in situations in which a strong link exists in the forward direction.
Another important factor is the Round-Trip Time (RTT), i.e. the time between transmission of a
packet and reception of the corresponding acknowledgement. RTT has two components:
1) Delays caused by buffering and processing within radio equipment. (The typical latency found
in current radio technologies is between 5 ms and 100 ms.)
2) The two-way propagation delay of the radio path. (For low-power TVWS applications, where
the range is generally less than 5 km, the two-way propagation delay will be less than 35 µs.)
Radio equipment latency will therefore tend to dominate the overall RTT for low-power TVWS
applications.
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TCP vs UDP

Internet applications commonly use one of two transport protocols:
Transmission Control Protocol (TCP) or User Datagram Protocol (UDP).
With TCP, each data segment is checked for errors at the receiver, and an
acknowledgement is sent back to the source to confirm correct reception of the
segment or a block of segments. If the source does not receive an
acknowledgement within a certain time, it will assume that the data was not
successfully delivered and will schedule a retransmission. TCP is typically used
for non-real-time, error-sensitive applications in which the correctness of the
data is important, even if this requires multiple transmissions. Examples include
file transfer, web browsing, and email.
With UDP, no acknowledgements or retransmissions occur. If a segment is
received with errors, the receiver handles this situation in an applicationdependent way, and the source receives no information about whether the
segment was delivered successfully or not. UDP is typically used for real-time
applications in which the time of arrival of segments, rather than their
correctness, is critical. Examples include streaming applications such as Voice
over IP (VoIP) or video-conferencing, in which occasional packet loss can be
tolerated.

Because UDP does not involve the overhead of acknowledgement and
retransmission that exists in TCP, it can offer higher throughput than TCP, albeit
at the expense of reliability.

When using TCP, a ‘window size’ is specified by the receiver and communicated to the
transmitter. This essentially enforces an upper limit on the amount of data that the transmitter may
send in the absence of corresponding acknowledgements being received from the receiver. Once the
window has been filled, the transmitter is not permitted to send any further data until either an
appropriate acknowledgement is received for data that has already been sent or an
acknowledgement time-out is reached.
For a communications link with a data capacity of C bits per second and a round-trip time of D
seconds, a continuously-transmitting transmitter would transmit at least C×D bits 1 of data before
receiving an acknowledgement. This implies a window size, W, of at least C×D bits. If, however, the
window size is smaller than C×D bits, the transmitter will be forced to suspend transmission when
the window becomes full, and will need to wait until an appropriate acknowledgement is received
before resuming transmission. In this situation, the average data throughput rate is less than C and
the link utilization is sub-optimal.2
It is important, therefore, to ensure that the TCP window size is configured appropriately for the
RTT that exists within the network if optimal data throughput is desired. For maximum throughput,
the window size needs to be greater than or equal to the bandwidth-delay product. Some
applications and operating systems are capable of automatically adjusting or ‘auto-tuning’ the TCP
window size to take account of link characteristics, but not all are capable of doing this.
Furthermore, in order to achieve high data throughput on a high-delay link, a relatively large TCP
window size is needed, and this consumes more buffer memory in the sending and receiving devices.
1

This quantity is known as the ‘bandwidth-delay’ product.

2

For W < C×D, the theoretical maximum average throughput, W/D, is less than C.
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3.2
Laboratory testing of the white space radio equipment involved the WiMAX or Wi-Fi TVWS base
station (BS) and corresponding Customer Premises Equipment (CPE) being connected to one another
using RF cables and attenuators. This allowed measurements of throughput versus received RF signal
strength to be made, as the RF signal loss between the BS and CPE could be varied in a controlled
manner.

3.2.1
Figures 3-1 and 3-2 show UDP and TCP throughput rates plotted against received signal strength
for the WiMAX-based white space radios operating in various modes. For all of the modes tested,
received signal strengths in excess of -74 dBm result in the radios operating at their maximum
throughput rates. As the received signal strength decreases, the measured throughput decreases,
and no throughput can be detected at a level below about -100 dBm.
The TCP throughput rates were measured using JD’s Auto Speed Tester 1 running on a
Windows XP platform. For the download speed tests, multi-threading to three servers on the
Internet was employed in order to impose the maximum requirements upon the WiMAX link. Using
a fixed test time frame of 10 seconds, three files (each of size 100 MB) were downloaded – one from
each of the three servers. By using this configuration, it was possible to aggregate the links and
maximize the overall link performance. Increasing the number of servers beyond three did not
improve performance. For the upload tests, a single 100 MB file was uploaded to a single FTP server
using multi-threading.
For TCP, the downlink results for each mode were similar – about 20 Mbit/s regardless of the
symbol-split configuration. It is believed that end-to-end latency on the WiMAX link may have been
the cause of this. On the uplink, the TCP performance for symbol splits 24/9 and 21/12 are similar, at
about 3 Mbit/s, while a symbol split of 18/15 performs significantly better, at about 5.5 Mbit/s, as
might reasonably be expected from a less asymmetric (i.e. a more symmetric) link profile.

(a)
Figure 3-1:

1

(b)
Laboratory measurements of UDP throughput rates vs received
signal strength for WiMAX-based white space kit operating in
different modes. (a) Downlink; (b) Uplink.

www.gmwsoftware.co.uk
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(b)

Laboratory measurements of TCP throughput rates vs received
signal strength for WiMAX-based white space kit operating in
different modes. (a) Downlink; (b) Uplink.

Figure 3-3 shows UDP and TCP throughput rates obtained from the Wi-Fi-based white space
radios operating with different received signal strengths. It can be seen that the uplink throughput is
higher than the downlink for a given signal strength, and that the uplink throughput increases
monotonically with increasing signal strength. Further investigation revealed that the algorithm
which selects the modulation mode for the downlink has erratic behaviour, tending to switch
between modes even when good signal strength is measured. This behaviour results in a lower
downlink throughput than uplink, a configuration which is not usual for broadband deployments.
This behaviour appears to be due, in part, to the operation of a custom traffic management protocol
on the downlink, replacing the 802.11 mechanisms. An additional finding from this phase of
measurements is that the radios’ transmit powers are not fixed; they are reduced by up to 9 dB
when operating in higher order modulation modes.

(a)
Figure 3-3:

(b)

Laboratory measurements of UDP and TCP throughput rates vs
received signal strength for Wi-Fi-based white space kit.
(a) Downlink; (b) Uplink.
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3.3
In order to obtain data throughput measurements from selected
test points on Bute, WiMAX and Wi-Fi CPE modems were fitted to
mobile survey vehicles, each of which was fitted with a pump-up
mast capable of being extended to 10 metres. This arrangement
was designed to emulate a typical user installation with a roofmounted antenna.
Each survey vehicle also had a laptop PC, connected via an
Ethernet cable to the on-board TVWS modem, to act as a source or
sink of test data. This allowed both uplink and downlink throughput
to be measured using iperf. At each measurement point1, the
vehicle-mounted CPE directional antenna was aligned towards the
base station in order to give maximum signal strength.

3.3.1
The measured maximum throughputs are summarized in Table 3-1. (Note that the method of
measurement used here differs from that which was used for the WiMAX laboratory measurements
described in Section 3.2.1.)
Prototype TVWS
Technology
WiMAX (5 MHz B/W)
(36 dBm EIRP in total,
i.e. 33 dBm per port)
Wi-Fi
(35 dBm EIRP)

Table 3-1:

Connection Protocol

Maximum Uplink
Throughput

Maximum Downlink
Throughput

TCP

3.5 Mbit/s

8.9 Mbit/s

UDP

3.4 Mbit/s

16.4 Mbit/s

TCP

7.6 Mbit/s

3.8 Mbit/s

UDP

8.0 Mbit/s

5.2 Mbit/s

Summary of data throughput measurements taken at selected test
points on Bute.

With the WiMAX system operating in its 5 MHz bandwidth mode2 and the base station
transmitting at 36 dBm total EIRP (i.e. 33 dBm per MIMO port), UDP data throughput rates of about
6-16 Mbit/s (downlink) and 1-3 Mbit/s (uplink) were observed, depending on the location. TCP
throughput rates were lower than expected, given the good UDP throughput. A problem by which
the traffic source and destination fail to co-ordinate and adjust the TCP window size in certain test
configurations was subsequently discovered, and it is thought that this might be responsible for the
lower-than-expected TCP throughput values.
The Wi-Fi system was configured to use a 5 MHz channel width and a maximum base station
transmit power of 35 dBm EIRP.3 Data throughputs of 1-5 Mbit/s (downlink) and 2-8 Mbit/s (uplink)

1

The survey vehicles were stationary while measurements were being taken.

2

7 MHz channel width operation was not available at the time the field measurements took place.

3

The Wi-Fi base station reduces its transmit power for higher order modulation modes.
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were observed.1 As was also observed in the laboratory experiments, the Wi-Fi equipment, as
configured, favours the uplink; this is a limitation of the firmware used to drive the prototype radio
equipment used in the trial.
It is worth noting that at distances of about 5 km, the mobile antenna was lowered to
approximately 2.5 m rather than fully extended to 10 m. This seems counter-intuitive as far as
normal radio planning practice is concerned, but a white space antenna positioned at a height of
10 m will pick up more DTT signal power than one at 2.5 m. Reducing the height of the antenna
helps to reduce interference from DTT transmissions, although this needs to be balanced with the
need to maintain adequate antenna height in order that a sufficient level of white space signal
power is received in the first place.

3.4
In order to test the capacity of the radio links when
supporting multiple simultaneous wireless connections, an
additional series of data throughput measurements was made
at selected trialists’ premises, using the previously-installed
white space equipment.
The measurements, which were scheduled to run during the
night in order to minimize the likelihood of conflicting with
trialists’ routine use of the broadband links, involved the
transfer of data from a PC at the telephone exchange to laptops
connected to the modems in the trialists’ premises. Measurements were run for several minutes,
with multiple connections simultaneously active in order to investigate how well the radio systems
can share the bearer amongst users. Note that this methodology is comparable to that which was
used for the WiMAX laboratory measurements described in Section 3.2.1.
Note also that the operation of the measurement software was double-checked in this phase of
the work to ensure that the TCP window size was being properly adjusted, thereby eliminating the
TCP window size issue that was encountered during the mobile measurement activities described in
Section 3.3.1.

3.4.1
A summary of the results is presented in Table 3-2. The data throughput rates obtained at
different trialists’ premises depend on the locations of the premises, which is to be expected.
With the radio system configurations used for these measurements, the maximum overall
throughput of the WiMAX radio was greater than that of the Wi-Fi radio (about 24 Mbit/s for
WiMAX vs about 4 Mbit/s for Wi-Fi). This result is not particularly surprising, for a number of
reasons:
The WiMAX radios were configured to operate in a 7 MHz bandwidth mode and to make
use of MIMO2 techniques.

1

Measurements revealed that the round-trip time of the Wi-Fi system was less than that of the WiMAX system
(15-25 ms as opposed to 60-80 ms), thus making the Wi-Fi system less susceptible than the WiMAX system as
far as the issue of not being able to properly adjust the TCP window size is concerned.
2

MIMO (Multiple Input, Multiple Output). The WiMAX equipment used on Bute has cross-polarized antennas,
effectively resulting in a 2×2 MIMO arrangement, i.e. 2 antennas at the base station and 2 antennas at each
CPE location. This helps to improve data throughput.
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Connection
Protocol

TCP
WiMAX (7 MHz B/W)
(36 dBm EIRP in total,
i.e. 33 dBm per port)
UDP

TCP
Wi-Fi
(35 dBm EIRP)
UDP

Table 3-2:

Number of
Simultaneous Links

Total (Aggregate)
Downlink Throughput
on Bearer

1

14 Mbit/s

2

22 Mbit/s

3

23 Mbit/s

1

23 Mbit/s

2

24 Mbit/s

3

25 Mbit/s

1

2 – 4 Mbit/s

2

3.5 – 4.5 Mbit/s

3

3.8 Mbit/s

1

3.3 – 4.5 Mbit/s

2

4.0 – 4.5 Mbit/s

3

4.4 Mbit/s

Summary of total (aggregate) downlink throughput on bearer,
measured while downloading data to selected trialists’ premises
simultaneously.

The WiMAX trialists’ premises were closer to the exchange than those of the Wi-Fi
trialists, and therefore the WiMAX CPEs were each operating with good carrier-to-noise
ratios, facilitating operation in the 64-QAM modes.
The Wi-Fi kit used for this project was modified for use on Bute without any optimization.
It may be that MAC optimization efforts would lead to it being able to match the
performance of the WiMAX kit, but this has yet to be determined.

Finally, it is worth noting that beyond about 2 km from the telephone exchange, the performance
of the WiMAX equipment decreases to the point where it falls below that of the Wi-Fi equipment.
This is contrary to predictions derived from the laboratory measurements, and possible explanations
include: unwanted downtilt on the WiMAX BS antenna; poor performance of the CPE; interference
on the uplink; poor ACS on the uplink receiver; other installation issues. Further work is required to
understand why the WiMAX equipment behaves in this way at present.
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4

White space devices will be permitted to use white space spectrum on a licence-exempt basis
only if they do not cause harmful interference to licensed transmissions such as DTT broadcasts or
properly-licensed PMSE transmissions. Therefore, a key aim of the trial on Bute was to assess the
impact of the white space transmissions on DTT reception in the vicinity of the trial. To this end,
several activities were carried out [4]:
Several DTT receivers were tested in the laboratory to assess their sensitivity to cochannel and adjacent-channel interference.
DTT and white space coverage predictions for the trial area on Bute were made, using the
UK Planning Model (UKPM), and corresponding predictions of co-channel interference to
DTT by white space transmissions were made.
Field measurements of actual DTT and white space signal strengths in the trial area were
made, along with a corresponding assessment of co-channel interference to DTT
transmissions.
In addition, measurements of DTT signal strength were made at various test points distributed
across Bute, and these were compared with predictions obtained from the UKPM. The aim of this
activity was to confirm the validity of the UKPM itself, as the UKPM is likely to form the basis for
constructing the UK’s geo-location database for white space.

4.1
TV reception can be affected by the presence of white space signals in a number of ways. White
space transmissions from nearby CPEs are likely to couple into neighbouring DTT installations, and
this may cause DTT picture failure if the WSD transmission power is not limited. DTT receiver
selectivity, AGC behaviour, and overload characteristics will all have a bearing on the extent to which
TV reception is affected by the presence of white space transmissions, and these determine the
required protection ratio, i.e. the minimum permitted ratio between the wanted DTT signal and the
interfering WSD signal. This, together with the coupling loss between the WSD and DTT antenna, will
determine the maximum permitted WSD transmission power (EIRP).
Two distinct interference mechanisms can degrade TV reception:
1)

Insufficient selectivity of the victim DTT receiver, whereby the relative level of the
interference prevents reliable reception of the wanted DTT signal. The impact of this is
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likely to decrease with increasing frequency offset between the interference and the
wanted DTT channel, depending upon the interference mask of the WSD.
2)

Overloading of the DTT receiver due to the high level of interference. This can potentially
prevent reception of all TV services regardless of frequency offset, and is often referred to
as ‘blocking’.

Laboratory tests were carried out on fourteen DTT receivers, using various candidate white space
technologies as interferers. The DTT receivers were a varied mix of devices which included set-top
boxes (STBs), integrated digital televisions (IDTVs), and personal video recorders (PVRs). Seven of
them used can-type tuners; the other seven used silicon tuners.
A wide variation in performance was observed among the fourteen receivers. The performance
of certain receivers was also found to depend on the nature of the white space interference; certain
white space transmissions tend to cause more severe problems than others, although this depends
upon the architecture of the DTT receiver’s RF tuner.
Figure 4-1 shows the performance of two DTT receivers in the presence of various types of
adjacent-channel white space interference. (The graphs show the points at which the picture just
starts to break up.) The performance of the receiver in Figure 4-1(a) is relatively consistent for
various types of white space interference. The receiver in Figure 4-1(b), however, shows wide
variation in performance in the presence of different types of white space interference.

(a)
Figure 4-1:

(b)

DTT receiver performance in the presence of various types of white
space interference. (a) A ‘typical’ receiver; (b) A ‘poor’ receiver.
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In particular, interference that is characterized by ‘pulsed’ RF transmissions (such as TDD1, for
example) tends to adversely affect the operation of the Automatic Gain Control (AGC) and channel
state process in certain DTT receivers. This may occur even when the interfering signal is offset in
frequency from the DTT carrier by a considerable amount, as some DTT receivers have input stages
that span several TV channels.
It is worth noting that the poorer performing receivers tend to use silicon tuners, albeit some
silicon tuners do have good performance. Of the fourteen receivers tested, three exhibited problems
due to non-linearity caused by the presence of pulsed white space transmissions.
The wide variation in DTT receiver performance leads to a correspondingly wide variation in the
protection ratios that are required to ensure proper DTT reception in the presence of interference. 2
If the protection ratios required by the poorest-performing DTT receivers are used as the basis for
determining the maximum permitted white space transmission powers, the transmission power of
white space devices will be somewhat limited and this will have an impact on the usefulness of white
space spectrum. On the other hand, if the maximum white space transmission powers are
determined by the protection ratios required by ‘typical’ or ‘good’ DTT receivers, there may be
instances in which poorer-performing DTT receivers are unable to decode DTT signals when nearby
WSDs are transmitting. Overall, this is an issue that will require careful attention, and efforts to
improve both the robustness of DTT receivers and the ‘DTT-friendliness’ of white space transmission
technologies would be useful.
The plots in Figure 4-1 suggest that in the worst case, i.e. in situations where the received DTT
signal power is at its weakest (-80 dBm), reliable DTT reception will still be possible, even with
poorly-performing DTT receivers, if the received adjacent-channel interference power is no greater
than -45 dBm. This is discussed further in Section 5.

4.2

-

Up to eleven TV transmitters (comprising a combination of main transmitters and relays) are used
to provide the DTT broadcast coverage for Bute, but the DTT signals tend to be fairly weak in
general, and the TV white space spectrum is very fragmented as different locations (in some cases
separated by only a relatively short distance) are likely to have different preferred DTT transmitters.
The strongest DTT transmissions reaching Bute tend to be from low-power relay transmitters
carrying the public service broadcast (PSB) multiplexes. These comprise only 3 of the 6 multiplexes
that are required for the full Freeview service, and some residents have therefore chosen to point
their TV aerials towards a more distant (and weaker) 6-multiplex transmitter which carries the
additional commercial (COM) channel offerings. People sometimes even install two TV aerials: one
pointing towards the strongest available 3-multiplex PSB transmitter, the other pointing towards a
6-multiplex transmitter. In some cases, residents have instead chosen to subscribe to satellite
services in order to receive the full service including most of the COM offerings, although they may
still have a number of secondary TV sets which rely on DTT.
It is a matter for Ofcom to decide what levels of protection should be afforded to the various DTT
transmissions that may reach a particular location in the UK; the aim of this work is therefore simply
to provide predictions and compare them with measurements from the field, in the hope that they
may be useful in guiding and informing such regulatory decisions.

1

TDD – Time Division Duplex.

2

The required protection ratios were found to span a range of almost 30 dB for the fourteen DTT receivers
tested.
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4.2.1
DTT coverage predictions were calculated using the UK Planning Model (UKPM) to a resolution of
100 metres. For each 100m x 100m pixel, the model predicts the median field strength from each
DTT transmitter in the network, taking into account the terrain. From these predictions, and using
the assumption that the field strength will vary with a log-normal distribution within the pixel as a
consequence of local shadowing, the fraction of the pixel that has a field strength which is sufficient
to allow demodulation of the TV signal can be calculated. This quantity is known as the ‘location
probability’ and UKPM predictions account for noise, co-channel interference and 1st adjacent
channel interference1 from other parts of the DTT network.
For the south part of Bute, where the trial network has been deployed, the preferred 3-multiplex
transmitter is West Kilbride, the predicted coverage of which is shown in Figure 4-2 (for PSB-1 on
Ch44). For much of the south-west side of the island, the preferred 3-multiplex transmitter is South
Knapdale, the predicted coverage of which is shown in Figure 4-3 (for PSB-2 on Ch57).

Key: DTT Coverage (50% time)
95% Location Probability
70% Location Probability
50% Location Probability

Figure 4-2:

Predicted coverage for West Kilbride PSB-1 (Ch44).

1

2nd adjacent channel interference (and beyond) is ignored in the UKPM predictions, as it is assumed that the
receiver selectivity (and the associated low protection ratios) will completely reject this interference.
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Predicted coverage for South Knapdale PSB-2 (Ch57).

The 3-multiplex coverage from West Kilbride and South Knapdale is supplemented by weaker
6-multiplex services from Black Hill, Darvel, and Rosneath (VP), as shown in Figures 4-4 to 4-6.
Although these services are generally weaker and more susceptible to long-range interference, TV
aerial installers will often configure installations to receive these stations in order that viewers may
benefit from the full Freeview channel line-up.

Key: DTT Coverage (50% time)
95% Location Probability
70% Location Probability
50% Location Probability

Figure 4-4:

Predicted coverage for Darvel COM-5 (Ch26).
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Key: DTT Coverage (50% time)
95% Location Probability
70% Location Probability
50% Location Probability

Figure 4-5:

Predicted coverage for Black Hill COM-5 (Ch44).

Key: DTT Coverage (50% time)
95% Location Probability
70% Location Probability
50% Location Probability

Figure 4-6:

Predicted coverage for Rosneath VP COM-5 (Ch57).
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4.2.2
The predicted coverage of the TVWS base stations is shown in Figures 4-7 and 4-8. More
specifically, the figures show the predicted carrier to noise plus interference ratio, C/(N+I), for the
downlink, assuming a 7 dB noise figure at the CPE and accounting for DTT interference from other
parts of the DTT network.

Kilchattan Bay
telephone exchange
Figure 4-7:

Predicted coverage of 35 dBm Wi-Fi TVWS base station (Ch57)
accounting for 50% time DTT interference.

Kilchattan Bay
telephone exchange
Figure 4-8:

Predicted coverage of 33 dBm WiMAX TVWS base station (Ch52)
accounting for 50% time DTT interference and BS antenna beam
tilt.
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-

The WiMAX TVWS equipment (operating in Ch52 but centred on 721 MHz) was clear of all
receivable DTT services on Bute. The nearest DTT signals, using Ch53, are from Rosneath and the
DTT coverage was predicted to remain unaffected by the WiMAX TVWS transmissions.
For the Wi-Fi TVWS equipment (operating on Ch57 but centred on 763 MHz), the UKPM
predicted some loss of coverage in DTT services from Rosneath VP COM-5 (Ch57) and South
Knapdale PSB-2 (Ch57). Rosneath VP is a main transmitter providing the full 6-multiplex service on a
vertically polarized antenna, and South Knapdale is a smaller relay transmitter which transmits just
the three PSB multiplexes, again using vertical polarization.
To assess the impact of the predicted COM-5 coverage loss, it is necessary to consider whether or
not the affected areas are populated and, if so, whether Rosneath VP is the preferred transmitter for
the COM-5 service in those areas. For much of the Kilchattan Bay area (which lies in the south part of
the TVWS coverage area), the preferred DTT service is actually from Darvel, so it is likely that viewers
would remain unaffected. However, to the north of the trial area, the coverage from Darvel vanishes
and Rosneath becomes the preferred 6-multiplex service, so a loss of coverage from Rosneath may
result in some viewers losing the COM-5 service.
South Knapdale is a 3-multiplex relay transmitter providing the preferred PSB service for much of
the south-west side of the island. The coverage loss predicted for the PSB-2 service on Ch57 was
expected to affect a number of viewers, some of whom were trialists participating in the white space
trial and using the Wi-Fi kit operating on Ch57. As it turns out, however, Darvel (which is a
6-multiplex transmitter) can be reliably received at many of those locations, and the remaining
households appeared to be using satellite services for their TV reception instead of using DTT
(presumably because the DTT signals are weak at those locations anyway, making reliable reception
difficult to achieve). Interference was also predicted along the B road (Plan Road) to the south west,
where a number of farms are located; again, however, no DTT use was apparent at those locations,
with most households in the area using satellite services instead.

4.3

-

To assess the interference predictions described in Section 4.2,
a series of field measurements was made, using a vehicle
equipped with a 10-metre pump-up mast acting as a mobile
receive point. Based on the UKPM predictions of DTT coverage
loss, a set of six test points was chosen, as shown in Figure 4-9.
Test Point T1 is in the Rosneath DTT coverage area, while Test
Points T3, T4, T5 and T6 are located in the South Knapdale DTT
coverage area. Test Point T2 was a reference point near the base
station, outwith the DTT coverage area of both Rosneath and
South Knapdale.

4.3.1
T1 was predicted to lose DTT coverage on Ch57 due to TVWS
transmissions from the Wi-Fi white space equipment. However,
the predicted interference was not apparent in the measurements. It is possible that this could have
been because not all of the Wi-Fi CPEs were active during the measurements, or that the survey
vehicle’s antenna has a superior front-to-back ratio than had been assumed in the predictions.
Usable signal levels on Ch57 from Rosneath VP were available, with signal levels of around -65 dBm
measured at the DTT test receiver.
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Six test points used for co-channel interference measurements.

4.3.2
T2 lies outwith the service area of the Rosneath transmitter, but the services from Rosneath
could nevertheless be received and decoded at this location. The COM-5 reception (Ch57) was, as
expected, periodically broken by co-channel transmissions from the Wi-Fi base station, which was
only a short distance away and was transmitting roughly in the direction of T2. The impact of this is
likely to be minimal, however, as Darvel is the preferred 6-multiplex transmitter at this location, with
a location probability of 95%.

4.3.3
Interference to the South Knapdale DTT service was predicted for Test Point T3. Tests with a settop box revealed intermittent picture break-up on the PSB-2 service (Ch57) in sympathy with activity
on the Wi-Fi network, as expected, but the PSB-HD (Ch53) and PSB-1 (Ch60) services were received
without degradation. The interference from the Wi-Fi network on Ch57 was barely apparent on the
spectrum analyser, but was sufficient to prevent reliable demodulation. It is not clear whether or not
this will have a significant impact in practice, as West Kilbride is the preferred transmitter for this
location, with a location probability of 70-95%.

4.3.4
Interference to the South Knapdale service was also predicted for Test Point T4. The interference
from the Wi-Fi network was more apparent in this case, due to the less-obstructed path from the
Wi-Fi base station. Again, the practical impact of this is likely to be minimal, as Darvel is the
preferred 6-multiplex transmitter at this location, with a location probability of 95%.

4.3.5
Interference to the South Knapdale service was also predicted for Test Point T5. However, the
DTT signal levels from the South Knapdale transmitter, measured at T5, were too low to reliably
decode any of the South Knapdale services in any case.
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4.3.6
Interference to the South Knapdale service was again predicted for Test Point T6. The recorded
signal levels from South Knapdale were sufficient to decode the PSB-1 (Ch60) and PSB-HD (Ch52)
services successfully. As predicted, periodic interference to the PSB-2 service (Ch57) was observed,
dependent on traffic levels in the Wi-Fi TVWS signal. South Knapdale is the preferred transmitter at
this location, so PSB-2 coverage loss on Ch57 may be of some concern. It is possible that
transmissions from Black Hill could perhaps be received, but this was not confirmed.

4.4

-

Within the trial area, many households were using satellite services in preference to terrestrial TV
reception, and this limited the number of DTT measurements that could be made. Nevertheless,
some measurements were possible, and Figure 4-10 shows an example of the DTT signal received at
one of the trialists’ premises. This was, in fact, a hotel situated a few hundred metres from the TVWS
base station.
The higher-power signals (482-538 MHz; Ch22-29) in Figure 4-10 are from the Darvel Transmitter.
Note the reduced EIRP on the COM multiplexes (Ch23, Ch26, Ch29) relative to the PSB channels
(Ch22, Ch25, Ch28). Note also the significant selective fading due to multipath, and the cleaner
signals being received at 626-682 MHz (Black Hill), which suggest that the TV aerial might actually
have been pointing towards Black Hill rather than Darvel. Such ‘mis-pointing’ of TV aerials may be
significant in some installations, as any TVWS database is likely to be based on a presumption that a
TV aerial will be pointing towards the appropriate protected transmitter.
Interference from the TVWS network was observed between 740 and 770 MHz, showing that DTT
receivers are required to cope with a C/I ratio of between 45 dB and 58 dB at this location.
The hotel has a TV distribution system which feeds a flat-panel TV set in each room. All of these
TV sets provided stable DTT reception in the presence of the white space transmissions emanating
from the base station. However, a silicon tuner-based DTT receiver operating within the
measurement vehicle exhibited problems with reception due to the reduced selectivity of such
devices.

Darvel

Figure 4-10:

Black Hill

DTT signal received at one of the trialists’ premises.
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4.5
The terrain on Bute is challenging for radio signals, and this has resulted in eleven TV transmitters
being required to provide sufficient DTT coverage to the island. These eleven TV transmitters are a
mixture of main and relay transmitters: five are main transmitters, and the remaining six are relay
transmitters. During the trial period, all but one had switched completely to digital transmission; the
exception was the Divis transmitter in Northern Ireland, which, at the time, was radiating analogue
transmissions as well as pre-switchover low-power DTT transmissions.
In order to obtain measurements for comparison with predictions obtained using the UKPM, 50
test points were chosen (see Figure 4-11), with the aim of measuring DTT signal strength in all DTT
channels at each test point. In the end, however, only 37 test points were used, partly due to the
time-consuming nature of taking the measurements and partly due to the fact that some of the
originally-selected test points proved too difficult to access by vehicle.
Following a statistical analysis of the measurements, it was concluded that the absolute error
between the UKPM predictions and measured DTT signal strength was normally distributed with a
mean value of 0 (zero) and a standard deviation of approximately 6 dB. This compares reasonably
well with the 5.5 dB standard deviation that is currently assumed for UKPM predictions. More details
can be found in [5].

Figure 4-11:

50 test points scattered across Bute.
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4.6
When considering the issue of co-existence between WSDs and DTT, much of the attention to
date has focused on the extent to which the transmissions of WSDs might affect DTT reception.
Indeed, it could be argued that this is the main priority for regulators, who are responsible for
ensuring that the transmissions of licensed users are not adversely affected by those of licenceexempt users.
However, potential users of white space spectrum are likely to be interested in the extent to
which DTT signals from TV transmitters might impinge upon white space channels that are available
for use in a particular location. (When a WSD is given permission to use a white space channel in a
particular location, there is no guarantee that the channel will be free of DTT signals that could
potentially interfere with the white space transmissions.)
From the numerous DTT signal
strength measurements that were
taken across Bute as described in
Section 4.5, estimates of white space
channel availability were made for
each test location, and the residual
DTT signal strength in each of those
channels was calculated.1 This gives a
rough indication of the quality of each
white space channel at each test
location.
Figure 4-12 shows the resulting
Cumulative Distribution Function (CDF), from which it can be seen that at least 75% of locations have
a residual DTT field strength of less than 40 dBµV/m.2 This implies, therefore, that some 75% of
white space channels on Bute would be usable in practice. More details can be found in [5].

1

The estimates of white space channel availability described here are necessarily speculative in nature: in the
UK, it will be Ofcom which ultimately decides, via its geo-location database, which channels are actually
available for use by WSDs, and the power levels at which WSDs may transmit in those channels.
2

An interference field strength of at least 40 dBµV/m measured in an 8 MHz channel would result in a noise
floor of -84.5 dBm for a receiver connected to an antenna with a gain of 9 dBi at 650 MHz. This noise level is
equivalent to that of a receiver with a noise figure of 21 dB, which is considered an upper bound on acceptable
noise performance. TV receivers have a typical noise figure of 7 dB, so this upper bound is equivalent to a
14 dB loss of sensitivity.
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Any coupling from a white space device to a TV aerial creates an opportunity for interference to
be injected into the DTT receiver. In this section, WSD-to-DTT coupling is analysed and comparisons
with measurements made on Bute are discussed. Where possible, conclusions and
recommendations are drawn and presented.

5.1
The effects of WSD-to-DTT coupling depend on the relative positions and orientations of the
antennas, and it may be reasonably assumed that no two situations will be the same. Nevertheless,
some reference models are required for the purpose of predicting the ability of white space and DTT
transmissions to co-exist with one another. Figure 5-1 shows a reference geometry that has been
proposed for fixed white space devices such as those currently installed on Bute. A separation of
20 m is assumed, with both aerials aligned and facing one another, resulting in a path loss of
54.72 dB. It is further assumed that the white space and DTT antennas will be operating on different
polarizations from one another, giving a further coupling loss of 16 dB due to polarization
discrimination. The DTT antenna gain is assumed to be 9.15 dBi.

Figure 5-1:

1

Reference geometry for fixed white space devices.1
(‘CR’ = ‘Cognitive Radio’, i.e. White Space Device.)

From ECC-159 [2] (Figure 62, Page 137).
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Overall, therefore, the coupling gain from the WSD antenna output to DTT receiver input is
assumed to be:
(1)
i.e. a coupling loss of 61.57 dB.
As was stated in Section 4.1, in the worst case scenario when the received DTT signal power is at
its weakest (-80 dBm), the white space signal power reaching the DTT receiver needs to be less
than -45 dBm in order to allow reliable DTT reception even with a poorer-performing DTT receiver.
With a coupling loss of approximately 61 dB, this implies a maximum permitted white space transmit
power of 16 dBm for the reference geometry of Figure 5-1.

5.1.1
The WiMAX equipment installed on Bute uses cross-polarized antennas, with polarizations of
±45°. This means that the polarization discrimination will not be as high as 16 dB. It is estimated that
it will instead be 3 dB, in which case the coupling gain becomes:
(2)
i.e. a coupling loss of 48.57 dB.
Taking this into account, the reference geometry of Figure 5-1 therefore implies that the WiMAX
white space devices on Bute should be limited to a maximum transmit power of approximately
3 dBm in order to ensure that any received white space interference is kept below -45 dBm when
the DTT signal strengths are at their weakest. If the DTT signal is above minimum strength in a
particular location, however, the WSD may be able to radiate at more than 3 dBm without causing
interference.
It is worth noting that in practice, some rural dwellings may be separated by more than 20 m,
which would allow higher WSD powers to be employed. For urban and sub-urban operation,
however, shorter coupling distances and reduced WSD transmission power limits may be necessary.

5.2

- -

Many of the premises that lie within the coverage area of the white space trial on Bute are
isolated farms with no immediate neighbours, i.e. they are separated by several tens of metres or
even a few hundred metres rather than the 20 metres suggested by the reference geometry of
Figure 5-1. In the village of Kilchattan Bay, on the other hand, properties tend to be more closely
spaced and are more likely to resemble the reference geometry of Figure 5-1.
In order to assess WSD-to-DTT coupling in the field, measurements were made at various
premises – mainly those of trialists but also those of a few non-trialists. The measurements involved
the taking of power readings from the output of the TV aerial downlead, which represents the signal
that would normally be entering the DTT receiver. The coupling figures therefore include losses in
the downlead, as well as the gain of any head-end amplifiers in the path between the DTT aerial and
the DTT receiver. (Most of the houses that were equipped to receive DTT signals were found to have
multiple TV sets and head-end amplifiers with distribution splitters, and the amplifiers were
observed to be set to very high gain levels – higher than necessary for DTT reception. The amplifiers
were set during the days of analogue TV and their gains have not been subsequently reduced. These
amplifiers increase the level of interference that reaches the TV receivers, and they also have
dynamic range limitations of their own which can further corrupt the wanted DTT signal.)
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In the following sub-sections, some of the installations are presented and discussed. At each
installation, the radiated power of the WSD was measured from a vehicle equipped with calibrated
measuring equipment, parked a known distance from the CPE unit. This was necessary because the
transmit power indications reported by the CPEs were known to be unreliable.

5.2.1
Figure 5-2 shows the arrangement of the white space CPE antenna and the TV aerial at the house
of one of the trialists. The antennas are 14 m apart and their boresights are offset from one another
by 80°. The coupling loss measurements are shown in Table 5-1.
The TVWS interference power measured at the DTT receiver was -88 dBm, and the coupling loss
was 82 dB (which includes a TV pre-amplifier of unknown gain).
This is considered to be an example of a ‘good’ installation: the antennas are sufficiently far apart
and their boresights sufficiently misaligned to result in high WSD-to-DTT coupling loss.

TV aerial

Figure 5-2:

Antenna
separation
14 m

White space and TV antennas at Installation 1.

Angular difference
80°

Table 5-1:

White Space
CPE antenna

CPE Transmit
Power
-6 dBm

Interferer power at
DTT receiver
-88 dBm

Coupling loss to
DTT receiver
82 dB

Head-end
amplifier?
Yes

Coupling measurements for Installation 1.
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5.2.2
Figure 5-3 shows the arrangement of the white space CPE antenna and the TV aerial at
Installation 2. The antennas are mounted on the same pole, with a separation of approximately 1 m
vertically. Their boresights are offset from one another by 30°. The coupling loss measurements are
shown in Table 5-2.
This is considered to be a ‘bad’ installation. The WSD-to-DTT coupling loss was only 22 dB, and
the TVWS interference power measured at the DTT receiver was -26 dBm. Despite this, all of the
property’s TV sets were functioning without any apparent problems.

Figure 5-3:

Antenna
separation
1 m (vertical)

White space and TV antennas at Installation 2.

Angular
difference
30°

Table 5-2:

CPE Transmit
Power
-4 dBm

Interferer power at
DTT receiver
-26 dBm

Coupling loss to
DTT receiver
22 dB

Head-end
amplifier?
Yes

Coupling measurements for Installation 2.

5.2.3
Figure 5-4 shows the arrangement of the white space CPE antenna and the TV aerial at
Installation 3. The DTT and CPE antennas are separated horizontally by almost 4 m and vertically by
approximately 1 m, and their boresights are not aligned.
Table 5-3 shows the measurement results. The coupling loss was 67 dB, and the interference
power presented to the DTT receiver was -64 dBm. This is considered to be an example of a ‘good’
installation.
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TV aerial
White Space
CPE antenna

Figure 5-4:

Antenna
separation
3.7 m

White space and TV antennas at Installation 3.

Angular difference
30°

Table 5-3:

CPE Transmit
Power
3 dBm

Interferer power at
DTT receiver
-64 dBm

Coupling loss to
DTT receiver
67 dB

Head-end
amplifier?
No

Coupling measurements for Installation 3.

5.2.4
Figure 5-5 shows an example in which the white space CPE antenna was pointing in the direction
of several neighbouring TV aerials whose owners were not trialists. Access was gained to one of the
properties for measurements to be made, the results of which are shown in Table 5-4.
The coupling loss was 69 dB, but since the CPE was transmitting at full power, the resulting
interference power measured at the output of the TV aerial’s downlead was -33 dBm.1 The TV aerial
was not being used for TV reception as the occupant of the property was using satellite TV instead.
Therefore, it was not viable to determine conclusively whether or not DTT reception would have
been adversely affected by the CPE transmissions.

1

The Wi-Fi CPEs do not use uplink power control. This is unlikely to be the case in practical deployments.
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Antenna
separation
26 m

White space and TV antennas at Installation 4.

Angular difference
60°

Table 5-4:
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CPE Transmit
Power
36 dBm

Interferer power at
DTT receiver
-33 dBm

Coupling loss to
DTT receiver
69 dB

Head-end
amplifier?
No

Coupling measurements for Installation 4.

5.2.5
Installation 5 is not actually a CPE installation; it is the white space base station at the Kilchattan
Bay telephone exchange, and is of special interest due to the fact that it has a neighbouring property
whose TV aerial is in line with the Wi-Fi base station antenna, as shown in Figure 5-6. Not only are
the aerials’ boresights in almost perfect alignment, they are co-polar as well.
The property’s TV aerial is pointing towards Darvel or West Kilbride, and TV reception at the
property was being adversely affected by the TVWS signals being transmitted by the Wi-Fi base
station, despite the fact that the Wi-Fi base station’s transmission frequency is significantly different
from those being transmitted by the Darvel and West Kilbride TV transmitters.
Upon further investigation, it was discovered that the property has a head-end amplifier and
distribution system which feeds at least six TV sets located in various parts of the house. The headend amplifier had been set to maximum gain and this was causing blocking of all TV channels, as
explained in Section 4.1. When the amplifier gain was reduced and adjusted to an appropriate level,
TV reception was restored, and the property now has at least 3 dB of safety margin.
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The coupling measurement results (measured with the amplifier gain reduced and TV reception
restored) are shown in Table 5-5. This example clearly illustrates the importance of ensuring that TV
aerial amplifiers are properly adjusted. In some cases this will require the amplifier to be operated as
an attenuator to prevent overload, which may affect receiver sensitivity and the associated coverage
margin for TV signals.

Base station
antenna

Figure 5-6:

Antenna
separation
9m

The telephone exchange has a neighbouring property whose TV
aerial is 9 m from the TVWS base station, and whose boresight is
almost perfectly aligned with that of the Wi-Fi TVWS antenna.

Angular
difference
0° for Wi-Fi,
90° for WiMAX

Table 5-5:

TV aerial

TVWS Base station
Transmit Power
35 dBm for Wi-Fi,
36 dBm for WiMAX

Interferer power at
DTT receiver
-25 dBm for Wi-Fi
-35 dBm for WiMAX

Coupling loss to
DTT receiver
60 dB for Wi-Fi,
71 dB for WiMAX

Head-end
amplifier?
Yes

Coupling measurements for Installation 5 (measured with headend amplifier gain reduced).

***
The coupling scenarios presented above comprise a mixture of ‘good’ and ‘bad’ installations.
Factors such as physical separation and boresight alignment of the DTT and TVWS aerials at the
customer premises are clearly important. In addition, several of the trialists’ installations included
amplifiers of unknown gain and TV aerials of unknown quality, and, as a consequence, the measured
coupling losses cannot be directly compared to the values used in the reference geometry shown in
Figure 5-1. For future measurements, therefore, it is recommended that trialists’ installations are
calibrated by measuring the power of the DTT signal delivered to the TV, and comparing this with
the level measured on a calibrated antenna at the same location.
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6

As the white space trial on Bute involved a real network with the trialists making real use of the
broadband services provided to them during the trial period, it was important to monitor and assess
network performance in terms of user experience at the application level in addition to the RF link
performance that has already been discussed.
Network operation and user experience were measured on a number of levels:
Usage statistics and traffic levels to and from the network were logged;
Controlled tests involving Standard Definition (SD) and High Definition (HD) video
streaming (from iPlayer) were carried out;
Trialists were invited to participate in a ‘virtual village’ session using Netpropagate’s
multimedia network communication system.

6.1
Usage statistics and traffic levels were logged using a transparent proxy server installed at the
Kilchattan Bay telephone exchange and configured such that all data passing between the white
space network and the Internet had to pass through it.
Figure 6-1 shows daily traffic measured over a one-month period in July & August 2012. 319,000
URL requests were generated over the month, and total usage for the month was 110 GB, which
equates to an average of 13.75 GB per trialist. A standard BT broadband package, costing £16 per
month, would allow each subscriber to download up to 10 GB per month, so it is clear that the
trialists certainly made use of the broadband service available to them during the trial.
Maximum usage occurred during the evenings and at night, which is typical of an average ‘9-to-5’
worker anywhere in the UK. Much of the usage was related to work and business, with web sites
such as the Department for Environment, Food, and Rural Affairs (DEFRA), weather sites, and
Internet Banking sites featuring prominently. Trialists also interacted with various multimedia
content providers (iPlayer and YouTube), and it is very apparent that Social Media applications are
important: Facebook was the most popular website.
The high levels of interaction that the trialists have had with the service indicate that the service
was being used all of the time. However, due to the small number of trialists (8 premises, each with
probably 2-3 connected devices), the service has not been stressed to its limits in a continuous
session. The requirement from the service has been that of intermittent usage.
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Daily usage statistics for the whole network over a one-month
period.

6.2
Assessing and demonstrating the ability of TV-band white space to provide a broadband link that
can support the latest applications was a major aim of the trial. The BBC iPlayer is one such
application.
To ensure high-quality, uninterrupted programme playback, the trialists would have to have an
Internet connection that delivers at least 2 Mbit/s of sustained bandwidth for Standard Definition
(SD) content, and at least 3 Mbit/s of sustained bandwidth for High Quality (HQ) or High Definition
(HD) content.
The test was carried out remotely, using pre-configured laptops installed in trialists’ houses. This
allowed remotely controlled diagnostics to be carried out and logged, and the streamed video
content was stored on the laptops’ local hard drives for subsequent viewing and quality assessment.
When iPlayer streaming was initiated on each laptop separately, each laptop was able to
maintain both SD and HD streaming at 796 kbit/s and 2,800 kbit/s, respectively. When streaming
was initiated on multiple laptops simultaneously, degradation of quality eventually became evident.
This is, of course, to be expected: the white space radios have a certain capacity, which cannot easily
be exceeded without, for example, bonding multiple TV channels together.
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6.3
The aim of the ‘virtual village’ session was to invite trialists to participate in a video-conferencing
session facilitated by Netpropagate’s MPX multimedia network communication software application.
MPX is a professional, high-performance, scalable tool that allows distributed users to communicate
via video and audio, and to share files and collaborate on the creation of documents, presentations,
etc. (Figure 6-2 shows a screenshot of MPX in use.)
On the 28th August 2012, a video-conference with 5 trialists on Bute was carried out, with full
audio and video interaction. The entire session was recorded, and apart from some minor audio
problems, the meeting went well and no malfunctions or drop-outs from the network were
experienced. (It is believed that the audio problems were probably caused by the incorrect
positioning of microphones and loudspeakers, thus causing echoing and feedback, which is
unrelated to the white space network’s performance.)
The ‘virtual village’ trial confirmed that white space technology could be used to successfully run
the MPX software. Apart from the social benefits that this could bring to remote communities which
have hitherto been unable to make use of such applications, it also has the potential to provide
opportunities in areas such as education, local & national government, and telehealth in these
remote communities. For example, a local GP could connect with a hospital consultant for advice, or
patients could connect by video-conference to their doctor or specialist rather than having to travel
tens or hundreds of miles, in some cases off-island, to their nearest hospital or clinic.
It is also worth noting that the round-trip times (see Sections 3.1 and 3.3.1) did not appear to
significantly affect responsiveness as far as user perception and usability were concerned.

Figure 6-2:

Screenshot of MPX during a video-conference between Bute and
Glasgow, using white space on Bute.
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7
In addition to the technical performance measurements described in the preceding sections, a
survey of the trialists was carried out in order to gain insight into their experiences of using the
broadband service they have been receiving, and their views on the value and usefulness of
broadband for rural communities.
The survey was carried out in August 2012 by the University of the Highlands and Islands (UHI),
one of the academic partners in the Centre for White Space Communications led by the University of
Strathclyde. The survey comprised semi-structured face-to-face interviews with householders and
their families – 27 trialists in total. Participants in the survey ranged from children as young as 5 or 6
years old to retirees in their 70s and 80s.
Following the interviews and subsequent collation of responses, it emerged that broadband
usage fell into essentially six categories:
Working
Living
Communication
Information sourcing & education
Shopping
Leisure & recreation

7.1
Over 60% of the respondents work in agriculture – in particular, dairy farming or cattle breeding.
All of the documentation that farmers are required to complete is now online, and it is becoming
increasingly difficult to complete this documentation in any other way. Accounts, VAT returns,
medical records, calf passports, DEFRA returns – and more – all have to be submitted online. One
respondent commented:

“ All the farm business is on the computer...and it’s all online now...the people who
you are dealing with don’t want paperwork.”

The ability to source farm machinery parts quickly and easily is also something which faster
Internet access has provided to farmers participating in the trial.
It is interesting to note that it is exclusively the farmers’ wives who complete all of the required
online activities, as well as keeping accounts and paying suppliers and employees’ wages. The
farmers themselves tend to take very little part in the administrative side of the business.

41

TSB100912 Bute White Space Trial

Final Report

7.2
Broadband serves an important purpose not only for work but also for activities such as creating
and maintaining a home. One respondent, who had converted an old church into a family home on
the island, explained:

“ When we first moved here we didn’t have broadband from January to June... 5 or 6
months were awful...and this whole project would have been awful without it...How
else would we have done it? I am saying that we could not have done [the
conversion] without it.”

The same respondent, before moving to Bute, had been unaware of the fact that broadband
provision was poor in the south part of the island:

“ It wasn’t one of our considerations...that’s how naïve we were when we moved
from the mainland...we just took it for granted that broadband would be readily
available.”

This suggests that access to high-speed broadband may be an important factor in encouraging
people to move into rural areas and contribute to the economic and social survival of such
communities.
Many of the younger respondents rarely visit their bank branches, preferring instead to keep
track of their finances online. However, not all respondents bank online; in particular, the older
respondents tend to still like to visit their bank branches in person.
Being able to access high-speed broadband also means being able to help others:

“Helping my Dad...the older are definitely excluded. If he is ill then I do his shopping
for him online here in Bute and they deliver in Kilmarnock”

7.3
Being able to keep in touch with friends and family appears to be hugely important to most of the
respondents, although the communication channels they use, and with whom they communicate
and how often, varies widely.
The teenage respondents and those in their twenties all use Facebook as their main
communication tool:

“ I would be probably quite lost without it...it’s my main means of communication...”

Older respondents tended to use email to correspond, and younger family members use videoconferencing:
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“ Best thing that was ever invented...for the children...It is nice because before we had
to try and use my mother-in law’s broadband...but had to sit in one place...now the
kids can carry it about and show them pieces of work and what they have done.”
One respondent, when asked what was the best thing about having broadband, replied:

“ Without doubt, being able to stay in touch with my sister...”

7.4
Being able to access the Internet to find information about ‘almost anything’ is an important part
of the respondents’ Internet usage. Weather is also crucial – not only in terms of farming but also in
order to check if ferries will be running, and most respondents cited either the BBC Weather web
site or the UK Met Office web site as important sites which they visit regularly.
News websites are also used a lot, and the online Olympics coverage was praised:

“ I missed Bolt’s run – one of them...I caught up with it on the BBC website.”

In terms of providing help with education, the Internet appears crucial. At Primary school,
parents are encouraged to subscribe to Education City – an online education tool which supports
and reinforces the teaching at school.
At Secondary school, the Internet provides help with homework – BBC Bitesize, Wikipedia, etc.
One respondent used it to:

“ research and print images for my folios and drawings, which I need to do more and
more.”

Another respondent was interested in undertaking formal education online:
“ I’ve done stuff in the past but one of the reasons that didn’t work was because of
the poor Internet connection...trying to get open links with the lecturer.”
The above respondent is now planning to start an ECDL course online, as is another respondent.
Two respondents at university used the Internet to access information for assignments and to
access the university’s Virtual Learning Environment, where all of their course materials are placed.
Overall, fast and reliable Internet access appears to be essential for providing educational
opportunities within the community, and this could help to reduce outward migration.

7.5
Living on an island means that it is both costly and time-consuming to travel to the mainland to
shop, and the island does not have a great deal of choice in terms of goods. Online shopping is now
undertaken by most of the respondents, although generally not those who are in the ‘over 60’ age
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category. The amount of shopping undertaken online varies from 25% to 90%, and includes the
buying of items such as electrical goods, toys, music, and parts for farm machinery. One respondent
noted the proliferation of delivery vans to the door now that the Internet is “working so much
better”.
Interestingly, the purchase of
groceries and day-to-day items is still
not typically done online; however,
one respondent indicated that a
major supermarket is about to launch
a delivery service to the island,
whereby people can order online and
the supermarket will get the order to
the ferry. An enterprising islander will
then collect all of the orders in a van
when they arrive in Rothesay, and
will transport them to people’s doors
for a suitable fee.

7.6
Faster broadband has made a huge contribution to the respondents’ leisure pursuits. For younger
respondents, Facebook, YouTube, and Xbox Live remain firm favourites, as well as online music
channels and download sites. But older respondents also use the Internet for recreational pursuits:

“ It’s opened my world up to music...I can do yoga online...on YouTube it’s all there.”

Not many respondents had downloaded and watched films online, but considered that they
would like to do so. Those who had done found that they were able to now stream films in a way
that they could not have done with the slower Internet connection that they had prior to the trial
commencing.
The Internet is also used for booking travel, holidays, overnight accommodation, tickets, and
other recreational pursuits. Most respondents now almost exclusively source their holidays online
and use comparison websites to secure good deals. This has meant that they have been able to save
both time and money.

7.7
Respondents were asked to rate the overall performance of the broadband network, on a graded
scale from excellent to very poor. The average response was ‘very good’ to ‘excellent’. The trialists
have been very enthusiastic about the white space trial, particularly as no decent broadband had
previously been available:

“ YouTube was a nightmare before. Play, go away and have a cup of tea, and then
come back and play it again.”
“ …so frustrating I wouldn’t even use it.”
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Some respondents had found the previous provision so difficult and awkward to use during the
day that they would stay up until 2am and register calves and submit VAT returns then, as the web
sites were at least quieter at that time in the morning and they had more chance of getting on and
not being ‘thrown off’. There had been a lack of confidence in using the Internet as there was a fear
that sites might not load or that information would not be sent.
Asked if expectations had been met as a result of the white space trial, one respondent said:

“ Very much so...compared with what we had before, this is excellent.”

***
As may be inferred from Sections 7.1 to 7.7, the survey respondents spoke very positively about
the broadband connectivity that they have been receiving as part of the trial, and the value that it
has brought to their personal and business lives.
It is worth mentioning that no respondents noted any problems with their Freeview (DTT)
reception when using their broadband connections, although it must be borne in mind that the
survey included only trialists; it did not include the neighbours of trialists.
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8

The location of the Kilchattan Bay telephone exchange, in common with many telephone
exchanges across the country, is not ideally suited for wireless transmission to customers’ premises.
For wireless local loops, an exchange sited on the top of a hill that overlooks the customers’
premises would be preferable. But most telephone exchanges were built many years ago with
copper-wire local loops in mind, and hilltop locations would not have made sense as they would
have required backhaul cables and local-loop cables to be routed all the way up to the hilltop and
back down again.
One approach to alleviating this issue is to install a wireless base station mast at the top of the
hill, and to link it to the telephone exchange at the bottom using a point-to-point radio link (which
may or may not use white space), as illustrated in Figure 8-1. Supplying electrical power to the
hilltop would typically be just as expensive as the laying of telecommunications cables to the hilltop,
but if the mast can be made such that it is self-powered, running from wind- and/or solar-generated
electricity, for example, then this issue is eliminated and the concept potentially becomes costeffective.

Wind-Fi mast
(powered by wind/solar)

Customers

Telephone
exchange

Figure 8-1:

Illustrating the concept of installing self-powered ‘Wind-Fi’ relay
masts to extend range further.
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The above concept has been considered as part of the
project, and prototypes have been developed and
manufactured (see Figure 8-2). Initial tests suggest that the
concept is viable [6], and further test and development
activities are being planned, bearing in mind the potentially
conflicting issue of antenna height described in Section 3.3.1.

Figure 8-2: Prototype Wind-Fi mast.

47

TSB100912 Bute White Space Trial

Final Report

9

The white space rural broadband trial on the Isle of Bute has successfully demonstrated the
potential of white space spectrum for providing broadband access to remote, hard-to-reach rural
areas in challenging terrain. The trialists have embraced the network for a wide range of uses related
to working life, social life, leisure & recreation, online shopping, education, etc. They speak very
positively about the broadband connectivity they have been receiving as part of the trial, and the
value that it has brought to their personal and business lives.
Field measurements in and around the test bed area were in reasonable alignment with
predictions obtained from theoretical modelling. The difference between UKPM median predictions
of DTT signal levels and values measured in the field was log-normally distributed with a mean of
zero and standard deviation of approximately 6 dB, which compares favourably with the currently
accepted value of 5.5 dB.
The maximum throughput rates of the WiMAX radios were found to be superior to those of the
Wi-Fi radios as a consequence of the WiMAX radios’ use of MIMO techniques and their wider
operating bandwidth (7 MHz vs 5 MHz). It is also worth noting that the Wi-Fi radios were operating
in a channel with co-channel DTT interference, while the channel chosen for the WiMAX system was
free from such interference.
The range achieved with the WiMAX system was, however, significantly less than predicted, and
further investigation is required in order to fully understand the causes of this. Possible explanations
include: unwanted downtilt on the WiMAX BS antenna; poor performance of the CPE; interference
on the uplink; poor ACS on the uplink receiver; other installation issues. As might be expected, link
performance tended to deteriorate as distance from the base station increased, although this
relationship did not hold true in all cases, thereby highlighting the complex nature of radio
propagation in hilly, rural terrain.
The round-trip time of the radio link proved important, particularly as some of the laptops used
during testing did not support proper adjustment of the TCP window size in certain configurations,
thereby limiting overall data throughput performance. In practice, this could have implications for
the performance of applications such as remote file systems using NFS or SMB, online gaming, and
remote desktops (RDP). For laptops which did not exhibit this problem, the larger round-trip time of
the WiMAX radios presented no issues with simple throughput measurements, since the TCP
window could be successfully increased as needed. This does, however, consume memory, which
may be an issue for client devices with limited memory capacity.
Some interesting findings emerged in relation to electromagnetic coupling from white space
devices to DTT receivers, especially as far as DTT mast-head pre-amplifiers are concerned, as these
raise the levels of both wanted and unwanted signals. DTT installations with amplifiers are
potentially vulnerable to overloading effects. In addition, DTT receivers themselves were found to
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exhibit widely varying performance in the presence of transmissions from white space devices, with
protection requirements varying by up to 30 dB. This is important, as DTT receiver protection ratios
will have a direct impact on permitted WSD transmit powers; a 30 dB increase in DTT protection
ratio would, for example, result in a 4 W TV white space base station being forced to limit its
transmission power to just 4 mW. Some silicon tuner designs were found to be particularly
vulnerable to WSD interference.
Some interesting findings also emerged with regard to the height at which white space antennas
should be set. On the one hand, a higher white space antenna will typically result in a lower path
loss; on the other hand, reducing the height of the antenna helps to reduce interference from DTT
transmissions. In essence, therefore, a trade-off exists and the height of the white space antenna
must be carefully chosen in order for maximum performance to be achieved.
Field measurements suggest that some 75% of white space channels on Bute would be usable in
practice. However, further work is needed in the following areas:
determining the scalability of the concept, through larger-scale trials and consideration of
the use of multiple TV channels (bonding);
considering ways of extending coverage through the use of self-powered relay masts
suitably located for optimal wireless performance;
improving the co-existence between white space devices and DTT receivers, through:
-

research into ‘DTT-friendly’ white space radio protocols;

-

efforts to improve the resilience of DTT receivers in the presence of white space
transmissions;

developing representative models of WSD-to-DTT coupling and creating practical
guidelines for ‘good’ WSD installation;
understanding the effects of DTT mast-head pre-amplifiers on the assessment of
protection margins;
understanding the extent to which DTT signals may interfere with white space
transmissions, and the implications that this may have for the optimal determination of
white space antenna height;
understanding the impact of round-trip time on application performance.

In summary, the trial on Bute has been extremely useful in gaining insight into the viability of
using white space spectrum for rural broadband provision, and has successfully demonstrated the
potential of white space technology through the use of real-world applications such as video
streaming and video conferencing. The provision of adequate broadband connectivity in rural areas
is clearly very important in today’s society, and the benefits of using white space spectrum are
applicable not only to remote parts of Scotland but also to remote areas in many other parts of the
world.
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