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Context
An application for the RDP LEADER measure 19 was made to the Vale of Usk Local Action Group by
Monmouthshire County Council and was subsequently approved for funding in December 2016. The
funding approved amounted to £15,000 with 20% match funding secured from Monmouthshire
County Council. £10,000 would be used for the small scale infrastructure costs and £5,000 for
engaging with the wider community to gauge further interest in the trial’s extension.
The aim of the project was to investigate and trial a newly available broadband technology which
would enable rural communities to enjoy the same digital connectivity as in urban areas and, if
successful, would be replicable in other rural areas.
The application was made following recommendations by Peter Williams of Welsh Government’s
ESNR-ICT Infrastructure section to make a visit to the Isle of Arran where TVWS technology is being
actively deployed. A report prepared by Peter Williams is shown as Appendix 1 to this report.
Technology
The trial used the technology known as Television “white spaces” (TVWS)
(White spaces is the name given to parts of the spectrum that are unused in a particular location and
at a particular time. TV white spaces exist between airwaves primarily used for digital terrestrial TV
broadcasting (470 MHz to 790 MHz). Ofcom made regulations on 18 December 2015 which enable
licence exempt use of white space devices in the 470 - 790 MHz band. The regulations came into
force on 31 December 2015). The technology has been in existence for many years, but in the UK
has fallen within the rights of the BBC. Additionally, on 25 September 2015, Ofcom published a
statement confirming its decision to license manually configurable white space devices. This
licensing regime became operational in February 2016.
Geography and Demography
The pilot was conducted around the conservation area of Llanarth, but extending to Coed Morgan to
its west, Penrhos to its east and Great Oak to its south. The area is approximately 20km2 with 330
households in the region while 55% are rented properties. According to the 2011 census approx. 20
people are involved in music and digital sectors. Reference. The area is well wooded due to its
history of estate ownership and sits in a glaciatic depression south of the Skirrid Fawr and Graig

mountain, and east of the Sugar Loaf Mountain.

Local Involvement in the Pilot
Initially 9 households agreed to part of the pilot and came from different places and with differing
broadband needs. 3 households were involved in the digital creative arts sector, 1 household being
a farming family of 4, 1 young family of 4 with on-line education needs, an accountant, a
Monmouthshire CC employee with agile working needs, a community councillor and a ready made
meals business. All people involved in the study relied on their broadband connectivity as part of
their home-working requirements. The on-going intention was to use the experiences of these
people to champion the further deployment of the network.
Deployment
A company specialising in the deployment of line of sight wireless technology (LOS) and TVWS was
commissioned for the pilot, Broadway Partners Ltd. The deployment was using a hybrid solution of
5 GHz LOS and TVWS technologies.
As is the case with all wireless broadband infrastructure projects, the ability to link to the internet is
a pre-requisite. This connection is termed the backhaul, which is the connection from a wireless
point to the Internet. The quality of this connection will influence a number of factors such as:





The speed at which the user can upload or download data.
The bandwidth, or how much data can be transferred before issues arise such as falling
speeds. This is analogous to a high pressure pipe (internet speed), the diameter of the pipe
(the amount of data that can flow). Throttling is a term used to reduce the amount of data
that can be transferred (same as having a small diameter water pipe).
The time of day when maximum usage takes place (parallel to power consumption on the
electricity grid)

After looking for good alternatives for the backhaul it was decided to use a mast on the Graig hill
above Cross Ash owned by Bogons Limited. The mast was erected four years ago to supply
broadband to the village of Grosmont to the north. The backhaul to this mast is supplied via
Garway Hill in Herefordshire, and back to a fibre network emanating from Hereford.

Difficulties arose because the mast uses older technology and does not have the ability to deliver
point to point line of sight (PTP) capabilities due to no electricity mains power being available. The
mast, termed an eco-pop is powered by solar panels, a mini wind turbine and battery storage.
The trial at this point could only connect four households due to its lack of capacity. With this said
one property using TVWS technology achieved 47Mb/s download speed and 30Mb/s upload speed
at uncontended times (few others were using the connection at the same time). The owner of the
property works in the digital photography business using high volumes of data and has stated that
for him this a true revelation for his home based business. His main internet connection had been
by satellite, with a data cap at a cost of £90/month. A BBC News at Six article was aired during May
2017 as a technology interest broadcast.
Due to the lack of capacity from the Graig hill mast, alternative backhaul solutions were sought.
Four options were progressed with only one being successful. This was achieved by taking an
80Mb/s twisted pair feed from the fibre enabled cabinet in the village of Llanvapley to Monmouth
House, an adjacent property to the cabinet. From this property a LOS link was made to Pentre Wylan
Farm 1km to the East on a high vantage point. From Pentre Wylan Farm further LOS links were
made to Cefn Coch Farm to the South and Skirrid Fawr Farm to its North. These LOS connections
allowed 10 households to have a good quality service by the combined technologies.
Final Conclusions
It has been disappointing for most households in the area that the trial had encountered many
issues including:








What will BT openreach be doing next, shall we wait? Comments from residents;
Will BT openreach overlap or negate the trial;
The poor infrastructure of the Bogons network;
Restrictions in conservation areas;
The speed of completing site share agreements with the network host premises;
Testing the pilot over too large an area for the relatively small investment; and
Lack of responsiveness from many agencies not appreciating the importance of rural
broadband.

However the trial was about testing the TVWS technology which has proved very successful.

Recommendations going forward
Broadway Partners produced a report which is shown at Appendix 2. The key points of the report
summarised that:






A further 400+ households can benefit from the proposed deployment. A spreadsheet
containing all post code and property details is contained in Appendix 2
90%+ of these properties are able to take advantage of the Access Broadband Cymru
voucher scheme. Data analysis taken 1st April 2017
The cost of the core network (expandable) is £98,000 excluding installation costs,
management costs and VAT.
A successful capital grant application was made to the Rural Communities Development
Fund for £120,000 based on the Broadway Partners report.
Estimated per household cost for infrastructure circa. £240

Appendix 1
TV Whitespaces – Welsh Government Study Visit to the Isle of Arran – 26-27th September 2016

WHAT IS TV WHITESPAC E?
TV white space (TVWS) is the name given to parts of the wireless spectrum that were freed up
during the digital TV switchover. TVWS radios offer broadband speeds over several kilometres and
unlike typical wireless technology (using 2.4Ghz & 5Ghz) the signal can travel through permanent
obstacles such as buildings and trees, as well as around terrain.
TVWS is free for anyone to use and build their own network. Given the appealing characteristics of
TVWS, a number of potential uses have been identified, including providing broadband connectivity
to rural communities, delivering wireless connectivity across campuses, social housing, and
connecting IoT devices.
With the huge increase in wireless devices, improving the efficiency of radio spectrum is becoming
vital. An innovative new technology – Dynamic Spectrum Management – optimises the bandwidth
available by enabling different radios to share the same TVWS frequency bands without causing
interference. Dynamic Spectrum Management uses real-time databases to connect users with
unused spectrum based on their time and location.
Wireless Internet Service Providers (WISPs) would typically engage with Nominet UK when deploying
a TVWS solution. TVWS kit will poll the Nominet database every 15 minutes to ensure spectral
efficiency and ensure licenced users of TVWS, such as outside broadcasters, remain unaffected.
Engagement by the ICT Infrastructure team within Welsh Government to date:


May 2016 - Microsoft & Welsh Government engage on Digital Inclusion & TVWS.



July 2016 – Welsh Government host workshop with Microsoft & other stakeholders in
Aberystwyth on TVWS.



August 2016 – Welsh Government visits UK Centre for TV Whitespace Technology,
Strathclyde University, meeting leading academics, including Professor Robert Stewart.



September 2016 – Welsh Government lead a delegation of interested stakeholders to the
Isle of Arran – location of the , these included Menter Mon, Dyfed IT, Coleg Cymraeg
Cenedlaethol, Tai Ceredigion, Wales Cooperative Centre.



Broadway Partners, Microsoft, Arran Broadband and Nominet UK were also present.

Summary – Deployment of TV Whitespace on the Isle of Arran
What is understood to be the UK’s first commercial deployment of TV Whitespace technology,
Wireless provider “Broadway Partners” have utilised a TV Whitespace solution to provide
connectivity to rural locations on the island which are not accessible utilising traditional line of sight
wireless solutions and are not economically viable to service utilising a Fibre to the Premises
solution.
The solution runs on an openreach FTTC backhaul based on a conventional wireless point to point
solution to service the first step of the connection journey. The solution is currently based on
Ubiquiti Networks equipment for the line of sight element of the provision. The TV Whitespace part
of the network is used to provide connectivity to the section of the journey where Line of Sight is not
available.
This solution can be thought of as the UK Road Network. The Motorways are the fibre backbone of
the network, the Line of Sight solution the A and B roads, and the TV Whitespace Element the
Unclassified lanes in the countryside.
The Use of TV Whitespace solutions in Wales
The vast majority of the Welsh population will be served by the Fibre network currently being
installed by Superfast Cymru. This solution is based on a Fibre to the Cabinet solution, where the
first part of the solution is fibre, but the last step to the premises is copper based, a Fibre to the
Premises solution, where the whole journey is by fibre, and currently there are several local Wireless
Internet Service Providers (WISPs) who utilise a fibre solution for the first step, but install their own
Line of Sight Solutions to deliver the service to clients.
The WISP solution is limited in that the solution needs a chain of premises within line of sight of each
other. For premises outside of the scope of a physically cabled solution, or a line of sight offering,
the options are currently limited to a cellular solution, 3G or 4G, if available, or a Satellite solution.
The TV Whitespace system would allow these premises to be served with a product which is lower
cost than the Cellular solution and has lower latency than the Satellite solution, and can easily
provide an uncapped data service.
Other uses for TV Whitespace.
There is an opportunity to use TV Whitespace as an inclusion solution for Wales. The technology is
currently expensive, however, this is due to the capital cost of the equipment. TV Whitespace
solutions could realistically be used as a method of distributing a fast (over 15Mbps) broadband
service to a wide area without the cost of wholesale telecoms.
This technology could be used to offer basic connectivity to social housing which will aid the
development of Wales as a digital economy.

The following points summarise the technology:
Advantages
-

Comparatively Inexpensive to install and maintain.
Superior performance over undulating geography than established wireless networking
solutions.
- A developing technology, and therefore, equipment will improve and costs will reduce.
Disadvantages
-

Current throughput of equipment is low compared to alternative technology.
Equipment is currently expensive.
Providers need to work with regulatory bodies (Nominet UK) to subscribe to the database of
allowed frequencies.
- Technology is currently not yet suitable for mobile solutions.
TV Whitespace is a technology with very good potential to answer to several issues experienced
with the current Superfast Broadband programme rollout / and WISP’s:
1. It provides a reliable last link to very remote premises where a line of sight wireless solution
is not available/possible.
2. It provides a technology that can be used to serve a large number of premises with a basic
broadband service where the cost of a traditional service and rental of telephone lines may
exclude the residents from accessing the service. Even on social housing estates with access
to fibre, low income residents may not be able to afford individual connections to the
network; and a social landlord could offer a cheaper estate wide solution, via WiFi, with
outreach links to nearby smaller clusters using TV whitespace for the second hop and WiFi
locally within the small cluster.
3. It provides further opportunities for the “Internet of Things” to be deployed in areas that
where previously unviable – e.g. for environmental monitoring, CCTV, movement of
livestock etc. This again may be on interest to social landlords needing to provide telecare
solutions to vulnerable tenants or to link clusters of CCTV cameras back to an area
monitoring hub.
4. From a Digital Inclusion perspective white space connectivity provides an opportunity to
reach individuals and communities furthest away from being connected.
5. Digitally excluded individuals (especially senior citizens) in these areas have most to gain,
especially through exploitation of health and self management of health related services.
6. In Wales 474,000 people are digitally excluded. The majority of these people are elderly,
disabled or economically inactive – in short, the most vulnerable within our society;
ironically, the largest users of our health and social care services.
Next Steps:




Further workshops and awareness raising of TVWS between WISP’s are expected to be
organised.
As the commercial costs of TV Whitespaces technology reduces, the Welsh Government
anticipates providers and communities to submit applications for funding through the
Access Broadband Cymru scheme.
A workshop on the Digital Blacksmith initiative (also on the Isle of Arran) is also expected to
be undertaken by Digital Gwynedd and Menter Mon in the coming weeks/months.

Appendix 2

Monmouthshire Broadband – PHASE 1
– Design Document
Document Version:

V1 – Design

Date:

05/02/2018

Author:

Barry Weaver

Contents

1
2
3
4
5
6

Document Release Approval ............................................................. 10
Document History ............................................................................. 10
Background ....................................................................................... 10
Target Area ....................................................................................... 11
Packages and Predicted Conversion .................................................. 12
Technology ........................................................................................ 13
6.1
6.2
6.3
6.4
6.5

7
8

TV White Spaces Radio – Lab Tests ................................................................................. 13
5Ghz – Lab Tests.............................................................................................................. 13
Deployment Method....................................................................................................... 14
TVWS Frequency Availability .......................................................................................... 15
Terrain - Backhaul and Distribution - Undulations / Trees ............................................. 15

Build Approach .................................................................................. 15
Distribution Network ........................................................................ 16
8.1
Core Links ........................................................................................................................ 16
8.2
Branch Links .................................................................................................................... 16
8.3
Access Network Coverage ............................................................................................... 17
8.4
Network Technical Layout .............................................................................................. 17
8.4.1
Core Network .......................................................................................................... 18
8.4.2
Branch and Access Network.................................................................................... 18
8.5
Masts and Core Network Assets ..................................................................................... 19

9 Backhaul............................................................................................ 19
10
BOM............................................................................................... 19
11
Timescales ..................................................................................... 19
12
Who are we? .................................................................................. 20

1 Document Release Approval
Name

Business Role

Signature

Date

Barry Weaver

CTO

Author

03/03/2017

Michael Armitage

MD

Approver

03/03/2017

2 Document History
Issue
V0.1

Date
05/04/2017

Author
Barry Weaver

Comment
First Draft

3 Background
Broadway Partners were awarded a LEADER grant in March 2017 to trial TVWS in Llanarth,
Monmouthshire. Following from the LEADER trial Broadway have identified many additional
opportunities in the trial area which, with additional funding, could benefit from superfast and
ultrafast broadband.
Previously, Broadway planned to utilise the existing infrastructure managed by AB Internet with an
open access agreement arranged with AB. However, due to the speed requirements, core
infrastructure rollout issues, demand in the area and subsequent plans to expand the network in the
future, a new Microwave Core network will now be built by Broadway and a new delivery approach
will be utilised using small cell type infrastructure rather than wide area coverage from sectors.

4 Target Area

Monmouth BB
Phase 1.xlsx

5 Packages and Predicted Conversion
Target BB Packages

Up/Down

Price

Comment

Package 1

10 over 1

£25 PCM

ABC £400

Package 2

30 over 3

£35 PCM

ABC £800

Package 3

100 over 10

£99 PCM

Ultrafast Grant <£3000

Package 4

30 over 3

£1.50

Social Housing FREE/PAYG ABC £800

Year 1 P1

Year 1 P2

Year 1 P3

Year 1 P4

Up MBPS

1

3

10

3

Down MBPS

10

30

100

30

SLA

BT

BT

BT

BT

Users

30

100

5

100

Year 2 P1

Year 2 P2

Year 2 P3

Year 2 P4

Up MBPS

1

3

10

3

Down MBPS

10

30

100

30

SLA

BT

BT

BT

BT

Users

30

100

5

100

Year 3 P1

Year 3 P2

Year 3 P3

Year 3 P4

Up MBPS

1

3

10

3

Down MBPS

10

30

100

30

SLA

BT

BT

BT

BT

Users

30

100

5

100

6 Technology
Broadway utilise many different types of radio but generally operate networks utilising light / full
licensed backhaul, 5ghz and TV White Spaces (470mhz+) distribution. Both access layer technologies
will provide competitive throughput.

6.1 TV White Spaces Radio – Lab Tests
For a dual channel unit the receive sensitivity vs throughput TDD is as follows:
16MHz: Receiver noise floor -98dBm

Connection
level

Received
power (dBm)

Modulation
supported

UDP
rate

TCP/IP
rate

(Mbps
est.)

(Mbps
est.)

MCS 7

>-75dBm

64 QAM 5/6 rate

53

40

MCS 6

-75 to -79dBm

64 QAM ¾ rate

47

34

MCS 5

-79 to -82dBm

64 QAM 2/3 rate

42

31

MCS 4

-82 to -85dBm

16 QAM ¾ rate

32

24

MCS 3

-85 to -88dBm

16 QAM ½ rate

21

15

MCS 2

--88 to 91dBm

QPSK ¾ rate

16

11

MCS 1

-91 to -93dBm

QPSK ½ rate

11

7

MCS 0

-93 to -95dBm

BPSK ½ rate

5

3

No
connection

<-95dBm

NA

NA

NA

6.2 5Ghz – Lab Tests
The receive sensitivity vs throughput TDD is as follows:

6.3 Deployment Method
Following the LEADER trial, the obvious question is why don’t we just wait for AB Internet to fix /
upgrade their network and add our clients onto the end under an open access agreement?
One of the current problems with the AB Internet solution is that it delivers service from sectors for
many users over a very long distance.
The benefit of this approach is that you get blanket coverage LOS quickly on 5Ghz and in Broadway’s
case, TVWS.
The path between the broadcast radio and the Customer Premises Equipment (CPE) is affected by
distance, terrain and clutter in the environment. Clutter is physical items like houses and trees as an
example.
Path loss (or path attenuation) is the reduction in power density (attenuation) of an electromagnetic
wave as it propagates through space.
There are several issues with the AB approach explained below:









The longer the distance from CPE to sector, the less speed is achievable due to path loss
(TVWS and 5Ghz).
The more clutter in the terrain, the greater the reduction in power (TVWS and 5Ghz).
Managing interference is difficult if your sector covers a very large area (TVWS and 5Ghz).
The worst performing CPE will affect the other CPEs on a sector, ruining the experience for
everyone (TVWS and 5Ghz).
If you have CPEs close to the sector and very far away, the chances of poor performing CPEs
is significantly increased.
The fewer the base stations, the less chance you have of a direct line of site connection
(TVWS and 5Ghz).
It is less spectrum efficient because you cannot reuse channels as easily (TVWS and 5Ghz).
Managing noise from high vantage points using sectors can be difficult (TVWS and 5Ghz).

One of the standout features of the AB Internet network is the location of the masts. The masts are
in great locations and can be seen from miles around.
The downside, because they are wind and solar-powered is power.
The power is insufficient to add additional equipment other than what is there currently.
The choice of equipment is also an issue. More power hungry radios which provide greater speeds
and more reliable throughout cannot be used in conjunction with the existing solar and turbine
technology making everything from upgrades to simple SLA guarantees hard. It is also highly limiting
for engineers and “work arounds” become much harder.
Lastly, in order for the network to be relevant for a long period of time we need to sub-lease it to
organisations that require a reliable network (3/4/5G Operators for example and other ISPs). This
cannot be achieved with unlicensed radio backhaul.

6.4 TVWS Frequency Availability
There is average availability of TVWS channels in the target area however the channel availability
varies wildly from place to place within a few kilometres. This completely discounts the possibility
(even if we were inclined to do so) of having TVWS sectors covering the entire county from a few
vantage points like the AB Internet approach.

6.5 Terrain - Backhaul and Distribution - Undulations / Trees
As well as being a highly dispersed population, the target area is characterised by having a large
number of trees. Combined with the undulating nature of the terrain this makes a radio deployment
using the faster and cheaper 5ghz technology not practical on its own, and the technology will need
to be complemented by TVWS, to ensure coverage for all premises.

7 Build Approach
By broadcasting closer to the target area this should improve path loss conditions, especially for
TVWS to eliminate all the issues we have experienced with the AB network.

The core network will be based on licensed Microwave in a ring configuration to reduce the chances
of interference and to guarantee speed and reliability with OSPF [Open Shortest Path First] routing
for redundancy.
The core network will carry traffic in a ring with branches from the core to areas of the target close
to targets.
A hybrid access network will be built using 5Ghz and TVWS.
Taking the positives from the AB solution, the broadcast sites for such a network are ideal and
coexistence is easily achievable using our build approach.

8 Distribution Network
8.1 Core Links
The core network will be microwave (+6Ghz) capable of around 450mbps per link with multi
directional OSPF redundancy. Traffic can flow through both radios to multiple backhaul locations
doubling capacity on the core. Additional radios can be added to the same antenna in the future using
a splitter which will achieve a further doubling of the speed. This can be repeated several times for
each core site. A 60cm dish will be utilised for each radio and all equipment will be on farm land
attached to an existing building with power.

8.2 Branch Links
The core network will feed Point to Point into the target zone to more population dense areas to
form backhaul links for the distribution network. The idea being that no customer is further than 2
kilometres from a node. This will improve path attenuation conditions, allow us to control
interference and recycle frequency several times over.

8.3 Access Network Coverage
Modelling the system on 5.4Ghz with a TVWS overlay it is easy to see that the network access layer
covers the entire catchment for Phase 1.

8.4 Network Technical Layout
MonmouthCore.vsd
x

8.4.1

Core Network

Microwave
Core Network
with OSPF
Routed Traffic

8.5 Branch and Access Network

Access Network

Branch Network

Branch Network

Access Network
Access Network

8.6 Masts and Core Network Assets
Where possible masts have been designed completely out of the solution. With the new solution we
will not need to build any masts and should be able to utilise existing assets. No dish will be over 60cm
therefore planning consent is probably more of a courtesy than a requirement. All antenna will be
spray painted to match the environment and will not be visible and the equipment will be located on
farm land.

9 Backhaul
Backhaul will be fed into two of the backhaul sites (TBC which pair) and will be taken from BT fibre
which is close by. Each site will be on a 1Gbps bearer allowing for rapid expansion.

10 BOM
Core Network
Ofcom Licenses - 3 Years License
Microwave Core Network Radio (P2P Link

5
5

2400
8000

12000
40000
52000

170.78
3500
113.05
Total

5123.4
17500
3391.5
26014.9

300

3000
3000

5000

5000
5000

Total
Access Network
5AC Prism (GEN2)
TVWS Base Station + OMNI (Class 3)
90 degree sector

30
5
30

Layer 3 Switch
Layer 3 Switch

10
Total

Steelwork
General Steelwork

1
Total

Power Protection
UPS

9

73.02
Total

657.18
657.18

Site Shares
Blorenge
Other

3
3

3000
1000

9000
3000

Total

Total

12000
Total

98672.08

11 Timescales
Deployment to be completed within six weeks of approval of any capital grant application.

12 Who are we?
Broadway Partners is a group of experienced industry players, passionate about the business of
getting people connected. We use really smart technology, fibre and numerous flavours of wireless,
and especially TV White Space, to go places other technologies cannot go. We use innovative
business models to make the seemingly impossible, possible. And we work with the best in the
industry, to make sure that when we do things, we do them right.
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