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EXECUTIVE SUMMARY

hy Mo !dAaAdzad HamoX GKS /2YYdzyAOF GA2ya | dz
Ad4ddz2SR aAONR&a2Fd 9Fad ' FNAOI [AYAOGSR 6Wa
O2yRdzO0G | GNXIFE dziAf AT Ay3a GStSOAAA2Y GKAIL
GAOAYAGE 2F blyeéddqA YR YIFESYlF 604KS WHnwmo
pilots and projects were undertaken in defined rural parts of Kerfyj@eseprojects relied

and continue to rely on a combination of wireless technologiesigned to operate on a
licenseexempt or unlicensed basiscluding WAFi and TV White Space base stations and

end user devices.To maximize coverage and bandwidth, whileeging costs to a
minimum, these radios use several complementary spectrum bands available to license
exempt devices, including 13 GHz, 5 GHz, 2.4 GHz, and unused UHF TV band spectrum
oL faz2 NBEFSNNBR (G2 3ISySNrffe FyR KSNBAY I &

The TV wite space technology is being used for peioty dzf G A LAY (G af |
broadband connectivity. These networks typify the transition from homogenous to
heterogeneous networks.The diagram below is the network deployed in the vicinity of
Nanyuki in rural aikipia and Nyeri Counties, Kenya (and discussed below), leveraging
different low-cost wireless technologies and connected to a Hagl fibre network.

Mawingu Network in Nanyuki, Kenya
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To reduce operating expenditures and to address the huge challenge of delivering
broadband acces®tcitizens who lack access to electricity where they live, this project
leverages solar energy, which powers base stationsadgsmknables consumers to charge
devices.

TheNeed

The Mawingu project seeks to connect unserved and underserved communitiggaln r
Kenya with affordable highpeed solapowered broadband. This model could prove a
GSYLX OGS F2NJ YSEYyAy3aTFdA £ e O2yypédpleh y3d (KS

While Kenya has one of the highest rates loternet usage in Sulsaharan Africa,
broadband Internet access continues to lagehind other nations This contrast
underlines the dramatic underutilization of the broadbamaternet access across Sub
Saharan Africa.

The problems ofbroadband, or even just baswirelessconnectivity in rural areas of
Kenya are even more acute. Mobile broadband is not universally available and even those
areas that can receive a signal are likely to be hindered by a lack of capadiiy
networks and low disposable incomesmaking access prohibitive for families and
communities

The Project

Upon issuance of the Trial Authorization, Microsoft, together with our partners,
embarked on the Mawingu Projecthe Mawingu Project is a pilot project that aims to
provide affordable acceds fast broadband connectivity in semarban and rural areas in

and near Nanyuki, Kenya. The project utilizes TV white space spectrum to deliver

connectivity to solar powerethternet{ A 2 a1 a= 2NJ Waz2ft |l NJ OBoSNAEQ

To date the MawinguProject provides at absolutely no charge connectivity to the
following locations in the Nanyuki area:

1. Kenya National Library Services Nanyuki Bragidh computers with dozens of
users daily;

Male Primary Schoa] 315 students;

Nanyuki Red Cross Offic& staff members;

Tambuzi Farng 35 employees;

Tithigi BoysSecondanSchoolg 280 students;

Thome BoyS$econdarySchoolg 260 students;

Male Secondary SchoqQl220 students;

Gakawa Secondary SchadB10 students;
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9. Laikipia County Government Offic¢he Executive, Assembly and all staff
members as well as visitors on the premises;

10. Solar Cyber run by Mawingu Networks Limited providing eleciritaiging
services for phones and torches and high spegeinet access to the
community for freeg 20 to 25 persas per day; and

11.Cape Chestnut, a restaurant and business centtt guests and customers
within the premises.

Positive Impact

In our view, the Mawingu Project has been extremely successful and we would
highlights and summarizthe following achievements:

9 Technical Results

o

The Mawingu project has successfully demonstrated the technical viability of
this model of delivery, with interference free point to myitoint coverage of

up to 14 kilometres from TVWS base stations operating at only 2.5 Watts
power EIRRNeasurement)

In total this provides approximately 3%nv of TVWS coverage using multiple

90 degree base station sectantennas

To date, we have achieved speeds of up to 16 Mbps on a single 8 MHz TV
channel at distances of up to 14 kilometres;

Thee have been no reports of interference from any concerned parties;

There has been no interference with the equipment or network during the test
period which helps the project achieve a 99.8% availability;

At Gakawa Secondary School, they are averagingdsstw and 10 GB of data
consumption per day;

We have demonstrated that the technology can support various media
protocols such as streaming videos, emails, FTP, Skype voice and video
conferencing, and high speed VPN services;

We have delivered this techrajy in areas with no source of electricity. In
fact, the majority of the endpoints are running on standalone solar power
systemsg a clean and renewable source of energy

T Community Benefits

o

For all of the above establishments we provide allitifeastructure including
connectivity infrastructure;

Microsoft has furnished ICT labs at Gakawa Secondary School, Male Primary
School, and Male Secondary school using Window Multipoint Servers and
teacher Window 8 tablets, along with relevant education ftware,
applications, and content (including Kenya national examination preparation);
We have also provided training to all the teachers and administrators with
regard to their computer technology know how for free;




o Early anecdotal evidence shows thaternet access is enabling community
members, including farmers and other small businesses, to lmem
productive

1 Local Support
o We have tremendous support from the community and leadership in the

project area, including leadership in education, health, andunty
government;

o The whole network has been installed and is maintained by a Kenyan systems
integrator based in Nanyuki;

o Solar cyber bandwidth and charging stations will create employment, income
and business opporhities for local entrepreneurs

1 Redonal and Global Impact
0 There has been immense positive attention for CAK and the Ministry of ICT
and press coverage of the project not only locally but also internationally.
o This project has served as a basis for other regulators in Africa and araind th
world to permit access to TV white spaces, first on a trial basis.

With allof these accomplishments, the project partners believe that tremendous
benefit could be derived from continuation of this project. Microsoft, on behalf of the
project partners,has asked CAK to extend the Trial Authorization for another 24
months. Extension of the 2013 Trial Authorization will enable the project partners to
expand the trial network to cover more end points, which will give the partners, along
with CAKa bettertechnical understanding of interference characteristics. Additional
time, likewise, will enable to projectaptners to conduct further radio and network
aGNBaa yR f2FR (SadtAy3das gKAOK gAff KSt LI
This additioml time also will enable the project partners to conduct a comprehensive
Monitoring and Evaluation program assessing the secianomic impact of the project,
which is just now commencing with baseline surveys and measurements and will be
conducted over te next 18 months. The result of the Monitoring and Evalua{M&E)

program will be shared with the Authority indue courSeE G Sy a A2y 2F aA ON2

Vv a

Trial Authorization is particularly appropriate in lighiok S D2 @SNy YSyd 2 7F
goals for univesal and affordable broadband accesmall business empowerment and
employability,distance learning, and delivery of government service@souldCAK

adopt and implement regulations allowing devices to transmit on TV white space
frequencies during the ten of the request extensionthose regulationsvould

supersede.
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In summary, theTVWSrial in Laikipia County, Kenyhas been extremely useful in

gaining insight into the viability of using white space spectrum for rural broadband
provision, and has sucssfully demonstrated the potential of white space technology
through the use of reaorld applications such as video streaming and video
conferencing. The provision of adequate broadband connectivity in rural areas is clearly
GBS NE A YLR NI I ety andl e bérefisioBuSidg white space spectrum are
applicable not only to remote parts #fenyabut also to remote areas in many other

parts of the world.
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GLOSSARY OF TERMS

ACS
AGC
BS
CAK
C/
COM
Coupling Gain/Loss

CAR
CPE
dBm

dBpVv/m

Downlink
DTT
DVBT

EAR
EIRP

FCC

FPGA
GPON
HP
IDA

Adjacent Channel Selectivity.

Automatic Gain Control.

Base Station.

Communications Authority of Kenya.

Ratio of Carrier power to Interference power.
Commercial multiplex.

A measure of the extent to which electromagnetic
energy radiated by a WSD antenna gets picked up b
DTT antenna. Coupling gain/loss is typically measure
in decibels (dB).

Core Adaptive Radio
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 (UV/m).

Radio link from BS to CPE.
Digital Terrestrial Television.

Digital Video Broadcastinglerrestrial. (European DTT
standard, adopted by numerous countries worldwide.

Edge Adaptive Radio

Effective/Equivalent Isotropic Radiated Povwgerhe
power that an isotropi@antenna would need to radiate
in order to produce the same power as an actual
antenna inits direction of maximum power
transmission.

Federal Communications Commission (US regulator)
FieldProgrammable Gate Array

Gigabit Passive OpatNetwork

Horizontal Polarization.

Infocomm and Development Authority of Singapore

Internet Protocol.
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ITU
IXP
MAC

MIMO

Ofcom
PHY

PMSE

POE

Protection Ratio

PSB
RAN
RTT

SFN
TCP
TDD

TVWS

UDP
UHF
UKPM

Uplink
UNESCC

VolP

International Telecommunication Union.
Internet exchange point

Medium Access ContrglMechanism by which a
R S @ Aa€c8R tb the radio link is controlled.

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

Office of Communication (UK regulator).

Physical layer Mechanism by which signals are
modulated and transmitted on a radio link.

Programme Making & Special Eveqts.g. wireless
microphones and wear monitors used in theatres,
sports venues, music festivals, etc.

Power Over Ethernet.

The minimum permittedratio between a wanted DTT
signal and an interfering signal for stable TV receptio

Public Service Broadcast.
Radio Access Network

RoundTrip Timeg the time interval between a data
packet being transmitted and a corresponding
acknowledgment being received.

Single Frequency Network
Transmission Control Protocol.

Time Division Dupleg Transmit and Receive signals ¢
time division multiplexed in order to emulate full
duplex communication on a hatfuplex physical
channel.

TV White Space White spaces inthe TV band (470
790 MHz for ITU Region 1).

User Datagram Protocol.

Ultra-High Frequency (300 MHZ GHz).
UK Planning Model.

Radio link from CPE to BS.

United NationEducational, Scientific, and Cultural
Organization.

Voice over IR, the transmission of speech over IP
networks.
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VP Vertical Polarization.

White Spaces Portions of radio spectrum which are not used by
existing licensees at all times or inlaftations.

WIMAX Worldwide Interoperability for Microwave Access
WSD White Space Device.
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1. PROJECT BACKGROUND

Internet usage has been rising exponentially in recent years, as developments in
technology have increased data rates agandedconnectivity in many parts of the
world. This has spawned new applicatiphased aroundnternet connectivity,which
large numbers of people have been embracing in their personal and professional lives.
Many people now rely on social networking almternet-based videeconferencing
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 acéesthe
majority of the population Many businesses have trapgshed the way in which they
operate, through innovative and effective use of tmeernet as a powerful tool for
interacting with customers and suppliers. Governments andfaeprofit organizations
are using thdnternet to reach people and interact witthem in ways which previously
would not have been possible.

Despite all of this, there are still large numbers of people around the worlthct a

AAIYATFAOL yi LINZ LR NI A ®rywhomnteindt SccegsAdsfolRadd  LI2 LI

cumbersome,unaffordable, or even norexistent, and for whom many of the above
mentioned applications artherefore unavailable. This is particularly true sSemiurban,
suburbanand ruralareas, whereghe average cost of deploying and maintaining
broadband infrastructure ashavailable incomes can make deployment of broadband
Internet access commercially unprofitabl@lthough, according to ITU statistics, close
02 o o0AffAZ2Y 2F GKS g2 NereQdver LBIiddzf thal A 2 Y
g2NI RQa LR LyeworlingA 2y Aa y2i

BEven with availabilityf technology broadband accessftenremains unaffordable for at
fSFad KIFfF GKSInmanNénegidg madgisite dost of Broadband

I 00Saa 2FGSy SEOSSRa Oehy prabiyn$ iartioulaty@dute A G @
in growth markets, such as in Latin America, Africa, and South and Southeast Asia, and
especially in areas which lack reliable electrioitare altogether off-grid. For example,
more than 80% of Africans would need to spend more than 5% of their annual income
to purchase wireless broadband accessaking broadband unaffordable to most
Africans. In addition to creating a barrier to consumer markets, these conrtgcind

cost challenges also undermime2 @ S NJY/ oly arcund getting more public sector
institutions and small and medium sized enterprises (SMES) online.

This translates talow rate of broadband utilization even where it is available. For
example accordingto CommunicationsAuthority of Kenya statistics, as of December
2013, the number of broadband subscriptions in Kenya stands at only 1,435,&#t or
3.2%00f the population. Many governments and other organizations such as the ITU and
UNESCO ha recognized and acknowledged thaternet connectivity is essential for

A a
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the prosperity and survival of such communities, and have committed to various targets
aimed at improving coverage and data rates.

In many parts of the world, including in Keny@ecommunications network operators
are deployingibre-basedhigh-speedbroadband infrastructureThe cost of deploying
fibre-based last mile infrastructure can be several thousand US dollars per home.
Moreover, nany homes, particularly those in rural ae are situated many miles from
any type of telecommunications infrastructuage utility power. As a result, extending
the fibre-based lasimile infrastructure can only be part of the solution.

One approach to solving thsoblem is to uge wireless ralio links instead A variety of
wireless technologies can be utilized for last mile acceseven long distance
connections Eachof the technologies comewith its own strengths and weaknesses
and if provided by a commercial or even communiigtwork operator they will consider
a variety of factorg, population density, geography, spectrum availability, desired
throughput, assumptions about data consumption, ejevhen determining which mix
of technologies and techniques are needed to serve a paarqudpulation.

One of the key opportunities to emerge in the last few years is the availabiligvof
wireless devices and networks leveragangl usinghe socalled TV white spaces
spectrum(operating e UHF frequencies)The combination ofecent developments in
spectrum management poli¢enabled by ever smarter radio systems, and the potential
spectrumavailabilityemerging from the switctover of TV broadcast transmissions from
analogue to digitain Europe and the USAas meant thainterestinsoOl £ f SR Wg KA (i
aLll O0SQ aLISOGNHzY Aa 3l ardSebidhojogy solitiaddsSand N2 dzy R
networks are being developed to allow access to spectrum that is more open and
available for communities to share and use than ever befDeivering lboadbard to

unserved and underserved communitiessone of the key applications that could

potentially benefit from making use of white space spectrdue to its ranggUHF

frequencies can travel long distancesid reach(lUHF has excellent penetration into
buildings and diffracting around hills and object$) notinsignificant bonus ithat the

latest hardwarecomprising these networks designed for very low power operation

and therefore capable of being fully powed with photovoltaic (i.e. solarkells.This

creates the opportunity to providelltra-cheap high capacityireless broadbandn

areas thatonly a few years agoould nothave beerconsidered economatlly viableto

serve unableto support a sufficienteturn on investment RO} for any credible and

viable businesand technologyplan.
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W2 KAGS { LI OS a he UHWAdIolsEedtdin vhithiare ddissigned to

licensed operatorgoften termed the primary uselr are otherwise unusedt all times

2NJ AY |ttt t20F0A2yad CAIdNNBE m AffdzadN» GSa
between licensed transmissions. With demand for wireless connectivity increasing, the
exploitation of white space is an attractive waynohking more efficient use of radio
spectrumsimply by sharing the spectrum such that if not used in one location of a

country by the primary user, then in that geography it can be redeployed and used by
secondary users and will not interfere with the primauser

Licensed transmissions O6White Spacesd (1

X Xﬂ\\ / {

/\,

———|

\4

Figurel-DNJ LIKA O Af f dzZ&AGNYI A2y 2F fAO0SyaSR GNryaviaairzya I

In many countries, analogue televisibmadcasts haveeen switched off and replaced

by more spectrally efficient digital television transmissioffa/o potential benefits of

this transition are freeing up or clearing spectrum for reallocation to other licensed uses
and to enable additional fther opportunistic access to interleaved spectrum between
licensed users, such as broadcastéraese UHF frequenciéave good propagation and
building penetration characteristiceind of course this is the reason thegre first

chosen for TV broadcasg. These characteristianakeTV white space eminently

suitable for use in rural broadband applications, where transmission links may be
severakilometersin length and may involve challenging terrain such as hills, foliage,
and water.

The US regulatai-CC) hmmadecertain parts of the TV band available for use on a
licenseexempt basisThe UK regulator (Ofconthe Singaporean regulator (IDA), and

the Canadian regulator (Industry Canadaein the final stages of rutenaking. This
represents aground breakingdevelopment in the management of spectrum, as it

involves unlicensed transmissions being interleaved with those of licensed users such as
TV broadcasters andirelessmicrophone PMSE) users. Several other regulators around

q
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the world are activly considering similar approachdsigures Jand?2 illustrae how
white space transmissionsanexist alongside licensed transmissions.

Allowinglicenseexempt devices to interleave their transmissions with those of licensed
users does, however, presexthallenges in ensuring that such unlicensed transmissions
will not adversely interfere with the licensed transmissions. The approalcies)
pursuedby the FCQOfcom IDA, and Industry Canaddfer slightly, butall involve the

use of a regulateapproved database which White Space Devices (WSDs) will need to
consult before being allowed to access the spectrum

Licensed transmissions OWhite Spaceo t

,\ \H\\ H f{\\

N/ >

Figue2-{ 2YS 2F (KS WgKAGS &Ll iy econsedxeiSpOdenthsYintetehving the dzi At AT S
transmissias with those of licensed users

1.2. PROJECT AIMS

With broadband connectivity clearly an important social and economic issikienyaa
collaborative R&D project was setup to install atrialrietd] dza Ay 3 We 2 { Q
Spectrum Access UHF radio spectrum to deliver broadlmomectivityto rural

communitiesin and near Nanyuki and Kalem&he first phase of this project has

focused on a deployment in and near Nanyuki.

The project aims include

1 To assess the technical performance and viability of white space spectrum as a
means of delivering broadbankhternet access inta typicalKenyarrural
environment. Performance was measured on a number of levels, ranging from
data rates and latencies through to user experience wlaileragingapplications
such as vide@onferencing and video streaminghese technical metric#) turn,
will help the Kenya Government in understanding the overall viability of this

E X
«
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new technological approachA related project aim is torovide arich set of data
for researclers at organizations and companies suchislD, USAID, Google,
Intel, Facebook CiscoMediaTek Qualcommthe Alliance for Affordable Internet
Accessand theWorld Bankto name but a fewwho are all tracking whaT VWS
and other wireless and wirelinechnologes can yield in bth sociabenefitand
economicimpact

1 To work with Southampton tiversityin the UKin generating strongnonitoring
and evaluation MI&E) data inassessing the cost and benefits apening up tte
UHFband for ByrnamicSectrum Access

1 To work with the Strathclyde University, Department of Electronic and Electrical
Engneering in the UK to facilitate knowledge transfer and information sharing
with their white space networks on the Isle of Bute (for rural broadband to
unserved communities on the island) and an Ofcom TV white spacbedst
project running in Glasgow, UK.

1 To evaluate TVWS radierformanceto be sure this technology can senage
areas of relatively low population density in various terrain types with varied
levelsof RFclutter. Further, it isimportant for the TVWSoase stations to be self
powered, andhot to require any connection to the electrical grid.

1 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 andanend usersurvey carriecut, in order to gain insigktinto how
broadband connectivity was being usedmpactedcommunities

1.3. IMPLEMENTING THE PLAN

The project had three major staggsiases oveapproximately a 2 year time period

1.3.1. Conceptualization and Design

White spaces technology has beerr@search andlevelopment forabout fifteen
years and has been extensively tested in trials and pilots conducted by Microsoft and
others. Microsoft Research was involved in some of the first white spacesirriaks
United States for example, demonstrating these technologiessoh ON2 & 2 T i1 Qa 02
headquarters irRedmond Washington, United States of Amerjgaoviding campus
wide coverage under an experimental license from the US FCC for the last six years
Microsoft also developed the first prototype TV white space database. Microsoft
LI NIHAOALIF GSR Ay GKS '{ C// Qa FANRG FASER
ONRGAOFE AyairakKi A ynitgl reuBidES IMEOIOE fkéwis@ T G KS
patticipated ina major technology trial in Cambridgénited Kingdomthat involved
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partnering with 16 companies and demonstrating the feasibility of indoor and outdoor
urban and rural connectivity. Microsgiined 15 companies in Singapore assessing the
commercial feasibility of using TV white space technologies to enable various different
use cases.

C2NJ Iff 2F (GKAA LINPINBaa Ay RSY2yaiaN) GAy3
promise, as of 2011, nobody had demonstrated, let alone deploy¥dwhite space

technology on the African continent. All of thettanged wherthe Communications
Commission of Kenya (now the CAK) provided Microsoft with authorization to conduct a

TV white space demonstration at thieternet Governance Forum conferen¢eld at

the UN Compound in Gigiri. At that event, Microsoft and Adaptrum, a pioneer in TV

white space radio technologies, successfully established a broadband connection on
unassigned UHF frequencies streaming HD video and showcasing other applications.

The Gigiri demo was the first time TV white space technology was demonstrated on the
African continent.

TheGigiridemanstration generated significant interest in Kenya for a trial project.
Shortly after the Gigievent, Microsoft teamed up with the Unersity ofStrathclydeon
another live TV white space demol@t) TelecomVorld 2011in Geneva Switzerland

and toreport onthe UKGovernments TechnolodgitrategyBoard(TSB)sleof Bute

TVWS projectSince 2011the University of Strathclydbasparticipaied in a highly
successfully TV white space trial on the Isle of Bute, Scotléidioh collaboration with
British Telecom (BT) and the British Broadcasting Corporation (BBC), delivering wind
powered (i.e., using renewable energyyroadband acces® rural communities. At the
ITUconferencemuchA Yy i SNBa G ¢l a akKz2gy 2y aAONRaz2F70Q
general but the greatest interest shown was fréhe African delegatesyith several of
them asking if they could collaborate indling some pibt tests in their respective
countries.

Soon after the ITU Telecom World demo, Microsoft began discussions wiketingn

Ministry of hformation andCommunication aboutvhat TV white space technology

could mean for Kenyans. In particular, the MinisthfCTasked fora better

understandingof ¢ + KA (S8R aBW OB Ay KSfLAYyaA GKS D2
D2OSNY I yOSQ xitvdhBdspesially at the fcourdyFlevelhié Ministry was

a2 NBaALRYyaAotS F2N (KS K80 NDR2IMIEANY Wy ilka| H
term development goaland therefore was interested in the role TV white space could

play in helping to increase digital inclusion, in support of education, healthcare,

agriculture, and sectors critical to the Kenyan economy

alye 2F 0KS YSyely D2@SNyyYSydaQa (1Se& LRtAO
interests. As a company founded on the notion of democratizing access to technology,
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Microsoft has been particularly interested in promoting new technologies, such as TV
white spaces and other forms of dynamic spectrum access, that can help reduce the

cost ofInternet access andllowo A f £ A2y &4 Y2NB 2 ¥ tolgé Snling.2 NI RQ3

A X 4 A X

CKAA A& NBTFTESOGSR Ay aAONRaA2FGQa n! FNA |
issues shared across the African Continent including access, employability, and
competitiveness. Microsoft believes deeply in the potential of technology, such as TV
white spaces, to change Africa, but equally believes deeply in the potential of Africa and
Africans to change technology forthe worl@ 2 NJ G0 KI & NBIF a2y s | f f
projects in Africa, including the Mawingu project, involve partnerships with African
entrepreneurs, governments, and local communities.

1.3.2. Procurement and Installation

In 2012 Microsoft, the Kenyan Ministry of Information and Communications,
including CCK and the ICT Board, along with Indigo Telecom (the predecessor to
Mawingu Networks on this project), agreed to supporugal broadband pilot
leveraging TWhite space technologysing the latesEPGAfield-programmable gate
array)instantiation of FCC approvetvVWSSoftware Defined Radios. The project moved
into a phase of procuremenivhen CCK (now CAK) issueldedter of Authorization
permitting Microsoftin partnership with an appropriate Tier 3 network operator
conducttrials in Laikipia anHajiadocounties. It tookapproximately4 months for the
supply and delivery of hardwarandanother 2 months of installation. Alketwork
installationwork was caied out by atelecom integration firmbased in Nanyuland the
TVWS trialnetworlg & RSt A OSNERQ | .BINE 2 Y0 dzNY

1.3.3. Monitoring and Evaluation
A monitoring and evaluation (M&E) exercise is intended to be an important part of the
process of the TWS trial taking place in Kenya. ECS Partners, of the University of
Southampton, have been retained by Microsoft to design and conduct an M&E exercise
focusing on the work that Mawingu is performing in Laikipia County. The baseline
household and schools sugy will be taking place in September 2014, shortly before the
plannedrollout to an additional 20 schootnnected with TVWS spectruand the
launch ofMawingu Solar Cyber agency modsling otherlicenseexempt bands
Consistent with the trial authoraion, itis critical to note that no TV white space links
will be used in support of commercial offerings.

The monitoring and evaluatigorogram seelsto understand the economic and social
impact of broadband connectivity services delivered over TVWSrspe a rural
Kenyan contextSpecificallythe M&E task will address this questiomhat impact does
the introduction of affordable connectivity services have in an environment which has
none or very limited options for connecting to broadbalmdernet and the multitude of

2 ¥
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services that thigntails? Thanajor focus oMM&E will be to look at the constituencies of
households living near Solar Cyber ksxaikd schools that will be connected the
Internet using TVWS or othdicenseexempt spectrum.

With households M&E will look at social conditiaand the existing use of
telecommunications in the region in which the project is taking place. Of particular
interest will be the uses to which such communities put technologies and services that
have lagely been confined to urban aredsor exampleto what extent and how will
Internet accesse used to further economic activity, the gaining of healélgricultural
andcitizenshipinformation and for the purposes of general educaton

With schools M&E will attempt to understand the existing approaches to education, the
level of resources present and the effect that broadband over TVWS has on the lives and
learning processes of tHearners and the ability to teach, job satisfaction and career
developmentof the teachers.

The M&Etaskwill run for approximately 18 months tracking the progress of the project.

It will begin with a baseline household survey and focus group discussions in September
2014 and the first report, describing the existing state ¢ét®mmunications usage,

needs and attitudes will be available in December 2014. Depending on the progress with
the network there will be a firstimpact report released six months later, drawing on
repeat surveysnd focus groups as well as the analysisetivork data to provide a

detailed view of clusters of usage and users.

1.4. BENEFITS OF LICENSEXEMPT MANAGED ACCESS TVWS

Kenyahas one of two largedhternet-based economies in Africa. In 2013, around 2.9%

of YSy &l Qa 3INRAA R2YS Zitdd Oy tHaN@rietdzCiomyd ot 0 & | A
Sh99.8 billionAfrica as a whole is likely to see 10% yaayear increases in the value

2FT GKA&a O2y(iNAROGdziA2y® DAGSY YSyelQa NBfIl
potential to see Kenya become a strongdeaof the Africarinternet economy.

Wireless access to thaternet is, and will be a key enabler of this growth. In particular,
the use oflicenseexempt spectrum including \ARi is an important means of accessing
the Internet for consumers and business. One of the challenges for use of \Ai
(primarily a local area network technology) in Kenya is the lack of ubiquitous last mile
infrastructure.
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A number of studies havenalyzedhe potential value to be derived from allowing
licenseexempt managd access to broadcast spectréim

According to Richard Thankin economist from the University &outhampton

unlicensed oficenseexempt regimes decrease the costs of delivering broadband and
increase the quality of the product, but these benefits have Rl 1S> 06SSy f
the lack of aharmonizedglobally available broadbarchpable band oficenseexempt
spectrum in subdLGHz spectrurd Thankiconcludes that TVWS represents an

opportunity to create such a band which will assistin meeting futunmalted, delivering
universal and affordable connectivity to people, facilitating mactioyeachine

connections and developing robust and adaptahésworks.

Thanki quantifies the value of VA to fixed broadband and mobile network operators
by country The table below shows economic value generated byFthrough fixed
broadband value enhancement for selected countries:

}\ \

Country Population GNI per Total fixed Total WiFi Evenly scaled GNI scaled
(millions) capita broadband connections | annual economic | annual economic
(USD) connections (millions) value value
(millions) (USD million) (USD million)
Brazil 192.4 9390 13.85 11.77 2613.7 517.9
China 1347.4 4270 126.65 107.65 23899 2153.4
India 1210.2 1330 10.89 9.26 2055.3 57.7
Russia 143 9900 15.73 13.80 2968.9 620.2
Kenya 50.6 6 090 0.76 .64 143.2 18.4
United 62.3 38370 19.56 16.63 3691.4 2988.8
Kingdom
United States 313.2 47 390 82.28 70.02 15545 15545

Figure3- Economic value generated by Wi throughfixed broadband value enhancement

Thanki presents the value of Wi to mobile network operators in terms of additional
base stations which would have to be built in the absence of the operatdoadiing
traffic through WiFi. The figues for Kenya arset out below:

1See egd ¢ K S
Richard Thankh

902y 2 YA OlicgnseAxgnmpiF Spédtrugi @ $e Buture of tHaternett 6 @

taccessed August 2013);
GOFFAOASYOe JFLAyada yR O2yadzySNI 6SySTAaAGa 2F dzyf A OSy
of combining market principe | YR a Kl NSR | O0Saaé¢ o0& al NJ /22 LISNE
(atcessed August 2013);
G¢KS /1asS F2NJ !yt AOSyaSR thanlbvinansafEime t | dzf aAf INR Y

(dccessed August 2013) (and sources
cited therein);

G¢KS SO2y 2 NeenSexenpt sgeStrurd, A final reportto Ofcom from Indepen. Aegis and

h@dzyé s 5 S0 SVH/SNIaaniagyeed (accessed
September 2013);
Gt SNBLISOKSOo®a t 226 2F A KFNSR ALISOGNHzyY | O0Saaés CAyYl f

February 2012;

A U


http://www.wirelessinnovationalliance.org/index.cfm?objectid=DC8708C0-D1D2-11E1-96E9000C296BA163
http://www.wirelessinnovationalliance.org/index.cfm?objectid=DC8708C0-D1D2-11E1-96E9000C296BA163
http://www.markcooperresearch.com/SharedSpectrumAnalysis.pdf
http://www.stanford.edu/~jdlevin/Papers/UnlicensedSpectrum.pdf
http://www.aegis-systems.co.uk/download/1818/value.pdf
http://ec.europa.eu/digital-agenda/sites/digital-agenda/files/scf_study_shared_spectrum_access_20120210.pdf
http://ec.europa.eu/digital-agenda/sites/digital-agenda/files/scf_study_shared_spectrum_access_20120210.pdf
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Country Population [ Totalmobile Additional urban cell sites needed
(millions) data using 900MHz (assuming 10 MB|  using 2100MHz (assuming 10 MB pef
connections per user per day) user per day)
(millions)
Brazil 192.4 20.3 9,249 28,928
China 1347.4 26.9 25,647 80,703
India 1210.2 10.8 15,016 47,333
Russia 143 24.8 12,671 39,679
Kenya 38.6 2.1 295 899
United 62.3 34.8 4,282 14,013
Kingdom
United States 313.2 169.1 54,400 174,372

Figure4- Value of WiFitomobile network operators in terms of additional base stations which would have to be

built in the absence of the operator offoading traffic through WiFi.

It can be seen that Kenya would need far fewer additional cell sites that other countries
in the alsence of WAFi. However, this should be a source of alarm rather than relief.
Kenya has far fewer fixed connections in operation than any of the other comparator
countries and so a much smaller quantity of-WiWhereas in the other countries Wi
carries much of the data traffic from smartphones (more than 80% in some European
nations) in Kenya almost all of the data will be transferred over the mobile networks.
Therefore, for any given density of cell sites, end users in Kenya will experience a much
lower quality of service than in the other countries. In addition, due to the substantially
higher costs of data transport over mobile networks than highly depreciated fixed
networks, the Kenyan consumer will also pay substantially higher costs forliad#o

the presence of extensive Y, mobile operators in other countries are able to offer
their customers higher quality services at lower prices than Kenya could manage. As
such, it is clear that Kenya needs mdosv-cost last mile access solutions oniath WiFi

can be connected

Mark Cooper sets out empirical evidence showing that spectrum allocated for
unlicensed use has been more effective in encouraging the development of innovative
use<. Supporting lowpowered licenseexemptuses of spectrum allowgreater reuse

and sharing of the spectrum and encourages Huadty innovation while also

promoting investment in complementariechnologies.

Licenseexempt wireless technologies currently contribute significantly to the Kenya
economy by expanding netwlo reach and improving networknanagementlin the

Cooper, Mark, SENIOR ADJUNCT
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future, there will be even greater demand for stkGHZicenseexempt spectrunii.e.,

in the TV white space UHF bantis pddress the exponential increase in consumer
demand for broadband access, suppdretexpansion of cellular offload, and network

the millions of devices that will compose the comingernet of Things (loT). As noted
above, the TV broadcast spectrum below 1 GHz has better propagation characteristics
than spectrum above 1 GHz, enablingrells to travel further and penetrate walls and
irregular terrain. As a result, it is uniquely wellited for nonline-of-sight broadband
communication. Therefore, the potential new opportunities for Kenyan innovation and
economic contribution derived &m providing licens@xempt access to the TV white
spaces is immense.

1.5. CREATINGTHE REGULATORYRAMEWORK
With the demands on the radio spectrum becoming more intense, it is necessary to use
this unique resource as efficiently as possible. One way fdnigato apply innovative
and flexible license authorizatioschemes likeshared spectrum access.

In Kenya, regulators can enable the use of TVWS by designating t&94 MHz band

a4 aAYUGSNISIFOSRE 2NJ aKF NBR a LJS @endNafift t NA 2
vacant spectrum between 69490 MHz should also be made available for shared use.

This approach would allow devices to use available channels in this band when doing so
will not cause harmful interference to licensed users.

In particular,CAKshould establish the technical parameters for TVWS operation and
establish procedures for TVWS devices to access available spectrum.

Most TVWS devices todapilize a white space or geolocation database to determine

which channels are available for usge general terms, TVWS devices are required to

register their location with the TVWS database. The database uses this location

information and the time of the request to determine and communicate to the TVWS

device what channels are available for uséhiat location at that time. For the

Mawingu trial, the TV white space devices were tuned to UHF channels known to be

@ OLylG Ay GKS blyeédzZqlA FNBI @ CKAA ¢l a @SN
direction, a TVWS database was not utilized.

1.6. TECHNICAL CONSIDERATIONS

1.6.1. Coverage and Data Throughput Potential
The coverage/throughput combination for a TVWS device is determined by:

E The transmission power used by a device in a given location;

NJ
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72 The height and gain of the base station and client antennae;

72 Thespecific channels of the UHF band used,

E Varying levels of absorption of the signals between base station and its client
or clients, which may be impacted by the presence of foliage or varied
terrain; and

E The level of interference and noise that is presenthe adjacent protected

terrestrial TV channel.

1.6.2. Databases
A white spaces or geolocation database provides TVWS devices with operating
parameters for any given location. These include:

72 Available white space channdise. frequency bands)

72 Transmission@wer limits applicable to the use of these channels, taking into
account the location, height, and configuration of the device;

E Duration for which the white spaces channels will be available (if necessary);
and

E Timeframe within which the device must-register in order to receive

updated information.

The methodology and algorithms employed by the TVWS database take into account the

known transmission characteristicpower output, frequency, antenna height, type,
location and orientationof existing T\Wansmitters® , and can also take into accouthie
topography of the area, in order to model the radio propagation of every channel
transmitted in that area. The database is then able to determine which channels are
available for use.

Overall, a TVWS ddiase allows TVWS devices to be used boeamseexempt managed
access basis while mitigating the potential for harmful interference. AlloWwemse
exempt managed access use of devices increases the utility of TVWS by effectively
lowering the barrier teentry for competition and to the introduction of new
technologies and applications.

1.6.3. Relationship between TVWS and the Digital Migration Process
In Kenya, a significant portion of television broadcast spectrum is unused at any one
place This idecausenalogue TV transmitters require significant physical or spectral
separation to avoid interfering with each othandbecause there simply are not that

3 Current practiceis for the data on existing transmitters to be sourced from the communications

regulator in each respective country. The integrity of the data and the range of parameters provided has

nnnnnnnnnn ftho analvtiealrecsulics-ofthe-databace

antmnant Aan theo a 7t
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many broadcast licensees in most markets (i.e., there is more unassigned broadcast
spectrum than is neesgtl to prevent broadcasters from interfering with one another).

While there will be a reduction in the available white space during and after the
migration to Digital Terrestrial Television (DTT) and the subsequent eligritidjital
migration necessary tensure optimal usage of the assigned Digital Dividends, there will
still be a substantial amount of spectrum unused at any given location. Substantial
spectrum will be available especially if a Single Frequency Network (SFN) is
implemented.

Enabling usefoT VWS does not need to be tied to the digital migration process and
TVWS technology can lilized before, during and after digital migration. Further,
database technology canstantaneouslydirect devices to use whatever TVWS channels
are available athe time; even as television broadcast stations are being relocated.
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2. INTRODUCTION TO THE KENYAN TVWS TRIAL

2.1. THE TRIAL PARTNERS

Government of Kenya (CAKThe Communications Authority of Kenya (CAK) controls
I 0O0Saa G2 Ittt 2F YSyel Qa tAOSyaSR N)}YRAZ a

The CAK granted MicrosoftTaial Authorization for UHF spectrum needed to operate
TVWS radios.

Ministry of ICT- TheMinistry of ICT hasesponsiliity of formulating administering,
managing and developing the Information, Broadcasting and Communication .policy

Mawingu Networks} & aA ONRa2F¥iQa AYLX SYSyGAy3a LI NIy
license with CAK.

Microsoft - For over a decade, MicrosdResearch and various other researchers around
the world have been working to perfect dynamic spectrum management techniques.
Numerous field trials have validated the feasibility of using these technologies to deliver
broadband access. With regulations nawplace in the United States and other

regulators around the world working on policies and practices to endylamic

spectrum acces@SA, we arenow starting to see the first commercial deployment of
white space networks.

As part of an effort to achiee needed regulatory change, Microsoft is supporting some
of these deployments, including reference materials, global pilots, and various Microsoft
Research projects related to spectrum technologies.

Microsoft has since early 2013 supported the trial atitre by procuring and providing
accesgo key capital items for network deployment

CountyGovernment of Laikipia 2013 saw the devolution of political power in Kenya to
the County Government level.

Microsoft and Mawingu Networks have been working elgswith the Governor of
Laikipia, Joshua Irungu and the Minister of ICT and Education, John Adaaépare

the government staff for effectively using theternet to deliver government services to
manage countyesidents To this endMicrosoft has povided a limited quantity of
Office 365 trial accounts for the county staff
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The TVWS radiassedto connect the county assembly and government offices in
Nanyuki were made available by Microsoft and installed by Mawingu Netwaomkls
their local network itegration partner Solaris Ltd

Tambuzi Flowerg Tambuzi Flowers is a Kenyan export flower grower with green house
operations in the Nanyuki area. Tambuzi has a strong social mission as part of its
corporate mandate and have been supporting the TVWS$Hhyidacilitating access to

local government and schools.

USAID/NetHope USAID, through its Power Africa initiative and implementing partner
NetHope, has contributed photeoltaic power systems to the project andsésited

the trial site to gain first &nd impressions of the conditions on the ground and to better
understand potential impact on the communities served by dynamic spectrum
broadband.

Adaptrum Inc ¢ Adaptrum is a Silicon Valley based company developing innovative
wireless broadband technalry using vacant VHF/UHF TV channels or TV White Spaces.
Adaptrum was an active participant in the FCC TV White Space proceeding from 2008 to
2010 and made significant contributions leading to the successful conclusion of the
Rulemaking.

I R LJO NWxvheeESpace product was among the first TV White Space devices
certified by the FCC together with leading TV White Space Database providers.
Adaptrum is launching its second generation ACRS 2.0 TV White Space product with
market leading performance and cosiCRS 2.0 has entered volume production since
the beginning of 2014.

6Harmonics A Canadian company developing Adaptive Radio Systems. Its branded
GWS access platform is a family of OHeded cognitive solutions for wide area
broadband wireless networks umgy unlicensed spectrum or dynamically accessing other
spectrum. At present time there are seven (2 base stataom$5 CPESs) 6Harmonics
TVWS radios operating as part of tRanyukitrial network.

GreenBridge ComputingDNB Sy . XA RA S 2§ hably hiidye theXdiggial( | A
RADGARSE: F2NJ YAffA2ya 2F adaddRSyda o& 0O2yyS
computer workstations at a fraction of the cost of conventional PCs.

As a triplebottom-line social enterprise, GreenBridge Computing delivelgeva its
shareholders, the communities served, and our planet. GreenBridge does this by
creating affordable technology access, reducing energy use by up tq 8d%donating
the equivalent of 5% of their profits to schools in lkaveome communities.

[N
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Microsoft paid for the installation of four GreenBridge Computiaged school ICT labs
as part of theNanyukitrial.

Jamii CommunicationsWl YA A ¢St SO2YYdzyAOlF GA2ya [ AYAQGS
incorporated on 20th April 2004 under Certificate ofdrporation No. C100623]JTL is
aAON2az27FGQa RS&aAIYIFIGSR ¢ASNI v ySig2N)] 2LIS

JTL is licensed by the Communicatiédaghority of Kenya as a Telecommunications
Operator under the new Unified Licensing Framework. JTL offers dataunications
services to telecommunications operators, corporate, Media Houses and Government in
East Africa using Terrestritibre optic cable, Satellite and Broadband wireless networks
(WIMAX.

JTL offers Carrier of Carriers Network Senliternet Backbone Services, International
Data and Voice Services, Satellite Solutions (SCPC, DVB, and VSAT), Broadcast Signal
Distribution and Public Data Network services.igptoviding backhaul to thé&Nanyuki

trial through its optic fibre network terminatioin Nanyuki.

University of Strathclydegi KS | YAGSNERAGE 2F {iN} KOf @RSQ
Electrical Engineering comprises over 65 members of academic staff and is one the

largest in the UK. Staff frothe Centrefor White Space Communicationsovided

prototype WiFibased white space radio equipment for the test bed on BStptland,

andwere a core partnein the practicalities of installing and configuring the radio

network alongsideBritish Telecom and BBCurrently Strathclydés running an Ofcom

(UK communications regulator) test bed in partnership with Microsoft, 6Harmonics,
Mediatek, Adaptrum anthe Scottish Government on its City Centre campus in

Glasgow, and ensuring knowledge exchange and sharing of best practices with the

Kenya poject. ¢ KS ' yAGSNARAAGE 2F {(0N}Y GKOft @RSQa f I {
firstin the world triple mode radio prototype implementing the new 802.11afRVi

standard for TV white spaces.

2.2.THE TRIAL NETWORK

¢CKS ¢NAFf Q& wloRRAR layeCrOnSistedl of 13 6 TVIVS beke stations
supplied bytwo different hardware vendors located in and around Nanyuki as indicated
in the map belown Figure 6 The locations were selected based on proximity to the
base stations, local IT infrastructuréong with other connectivity requirements at each
location. Each of the @l siteswhere a TVWS CPE is installed receives a best effort
Committed Information RatéCIR of 2.5 Mbps with most end point/users being able to
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enjoy burst speeds of 8 to 16lds andbeing able to download well in excess of 10 GB
worth of traffic per day.When this performance isombined with the fact that each

base station radio operat at below 1 Watt EIRRrial, highly efficientspectrum reuse

can take place. This in tutands itself to the use of &VWSlJata baseand increasethe
2OSNY £t &LISO0GNHzY STTAOA T yapter fornmbrieysspeRtAfgf 3 Y 2 NB
spectrum occupiedDuring the course of the i, there have been no reported cases of
interference andho visible increase to the local noise floor of the UHF band (which
cannot be said of the 5.8 GHz Band B, particularly in and around Nawneke the
project has seeanincrease in overall levelsy asmuch as 10 dB

The following series of diagramsplet the Mawingu network site locations (Figure 5),
the transport network layout (Figure 6), the estimated coverage area of the TVWS
sectors (Figure 7and the TVWS coverage area as predicted byoflensourceRadio
Mobile network planning tool (Figure).8




FibrePOP Base
Station

1

10

11

12

12

Mini Base Station

CPE

CPE

CPE

Mini Base Station

CPE

CPE

CPE

Mini Base Station

CPE

CPE

CPE

Kenya Power

Cape Chestnut

Red Cross

Town Hall

Laikipia Library

Gakawa
Secondary

Dispensary

Male Secondary

Male Primary

Tambuzi

Thome School

Tigithi School

Mawingu Ben

Figure5- Table of trial network nodes

Technology

5.8GHz + MR 2 +
Fibre GPON

5.8GHz + 6H (698
MHz) + NOC

6H

6H

5.8GHz + ACRS1 (5
MHZz)

Adaptrum

Adaptrum

Adaptrum

5.8 GHz + 6H (586
MHz)

6H

6H

6H

n/a

1.1 Km

1.7 Km

0.8 Km

0.6 Km

6.8 Km

7.4 Km

12.8 Km

12.6 Km

12.1 Km

6.0 Km

5.6 Km

0.2 Km

n/a

n/a

-74 dBmt101 dBm

-48 dBm/96 dBm

-46 dBmA98 dBm

n/a

-67 dBmt102 dBm

-74 dBm/103 dBm

-73 dBm£102 dBm

n/a

-75 dBm£92 dBm

-74 dBm/101 dBm

-24 dBm/101 dBm

CIR 20/50 Mbps
Burst

55 Mbps Back
haul

16/6 Mbps :
7/3 MCS

11/4 Mbps :

13/6 Mbps :
11/3 MCS

26 Mbps Back
haul

8/8 Mbps (64
QAM)

7.3/6 Mbps (64
QAM)

8/6 Mbps (QAM
64)

38 Mbps Back
haul

6/6 Mbps : 3/3
MCS

16/6 Mbps : 7/3
MCS

13/14 Mbps :
5/6 MCS




higithifSecondary

Google earth
C

Figure6- Map showing the physical locations of the 3 Base Stations and their associated CPE

Cape Chestnut
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Figure7 - Approximate coverage area of all 3 Base Stations located at Cape Chestnut, Tambuzi, and Gakawa. The
total area covered with a RX level 880 dBm or greater is irradiated from 3 x 90 degree sectors is approximately
235 Knd.
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Figure8- Radio Mobile coverage predictions for all 3 base station sites: Cape Chestnut, Tzrflmwer Farmand
GakawaSecondarySchool

TheRadio Mobilecoverage predictions shown Fgure 8indicates over 23 Kn? of
coveragefrom three TVWS sectors, eagtansmitting 1 Watt EIRFrom 90 degree 10
dBi UHF sector antennas at heights of 8 to 18ime aygregatethroughput achievd was
approximately 3 x 16 Mbps
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3. NETWORK INSTALLATION AND CONFIGURATION

3.1. BACKHAUL AND DISTRIBUTION

Initially, the trial@ main upstreaninternet connectionwasestablished usingjbre

provided by Kenya Power Ltdowever,during the course of the project JTL Telcom Ltd
offered better commercial terms fdiibre connectivity, so Mawingu switchétre
providers. With JTla high speed GPON servigasactivated as part of their national
GPON rolbut, andthis service delivers a Committed Information Rate of 20 Mbps
bursting to 50 Mbps.Round trip times to the Kenya IXP agproximately4-5 ms and

the service is presented on an FX 100 Mbps full duplex L3nethieterface. Since
activating this servicghere has been néibre dowrrtime. W¢ [sevice is terminated at
the Kenya Power 133 KVa substation located on the outskirts of Narghdsvn in

Figure 9 A Ubiquity point to multipoint 5.8 GHz Rocket 5M radsinga 20 dBi antenna
at 35m on Kenya Power's Telecommunications npagtides connectivity to botlthe
Tambuzi andhe Cape Chestnut base station&ach remote base stati@onnecs to

this accessetwork via 25 dBantennas 5.8 GHz links, running at between 30/40

Mbps. The project uses a Mikrotek gateway router which in turn is connected to a
Meraki MR12 cloud controltewhere all of the networ@ IP addressing is managed via
DHCPAt Cape Chestnuthe 5.8 GHz Ubiquity link is rolled over into a 6Harmonic base
station. At Tambuzifarm a 5.8 GHz link is rolled over into a 6Harmonic base station and
an additional 5.4 GHz microwave link to Gakawa School which then connects to an
Adaptrum TV White Space base station.
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Figure9- Picture and set up of Kenya Power Mast

3.2. WHITE SPACE RADIO EQUIPMENT

Two types of white space radio equipmeate intended for usen the trial:

Prototype/PreProduction Adaptrum ACSR1 equipment was originafifedat the start
of the trial under supervision of CAK engineerbesaadioswere certifiedby the US

C// Qa hF¥FFAOS 27F 9 yahdafenbnNdeiggIeplacgtih newerOKy 2 f 2 3@
Adgptrum ACRS@roduction units pending theCAK type approvals process.

Figurel0 - Adaptrum ACRS2




The6Harmonics GV800core adaptive radio@QARwhich is the basestation
radios) edge adaptive radicHARwhich is the CPE unhtardware based ohVi-Fi
802.11 configured to operateithin asingle 8 MHavide TV channel.

Figurell- GW300 EAR/CAR

/' t9 dzyAdGa O2YLINARaAYy3I | gKAGS aLl OS GNryao
premises, as shown indgure 12. The white space transceivers were mounted externally
and connected to an Ethernet cable which was fed into the premises.

Inside the premises, a small EthernetARii router was supplietb connect end user
devices.y (U KS O aS 23N SYyDEnp@@r 2duipnméhivasinziuded.
Thisconsiss of 2 x 250 Watt Solar panels with a suitable MPPT DC to DC inverter, 2 x
220 Amp/hour AGM 12 volt batteries capable of generating and storing 2 to 2.5 Kwh of
power a day.

The Ethernet cable waadso used to deliver electrical power to the externatipunted
white space transceivers, using Pov@verEthernet (POE).

SAg



=g

Figurel2 - A typical CPE installation at trialists' premises

Hgure 12 above thered circlehighlights thelO dBi log periodi€PE antennand one of

0KS 62 wpn ol GG a2t N LIySta 2y GKS Ne27F

Three TVWS Base Station nsasére supplied and installed during the trial perjod

AyOfdzZRAYy3I GKS dzasS 2F YSyel t26SNDRa&a cn Y {/

main 133 KVa HV switch park jgstith of Nanyuki Thissitewas also used as the

location for the gateway/backbone router where the Meraki MR(42Zloud managed

network controller appliance) OOS&a a4 SR W¢[ Qa FAONB tht QAL
an FX 100 lps full duplex L2/3 Ethernet port.

.Sy Qa /2YYHzE D SAR WA XBR K LI of S 2F aSodAy3
to 8 customerssimultaneousfrom 6 x regcled laptops and 2 x Samsung déws 8

tablets, with both the TVWS back haul CPEAidF/Hot Spot all running off a small

AC/DC 600 watt inverter. With typical duty cycles of usage at thekikioasumingless

than 50% of the average 2.4 KWh of poweemgerated per day,this leavesthe balance

for phone andorck OKIF NBEAYy 3 gKAOK LI} &a F2NJ GKS f St
agency as a locamallbusiness.

The locatommunity haseen supportive othe initial deployment from day one and

now rely an Mawingu connectivityas they go about their day to day lives. At the

beginningof the trials the maximum number of simultaneous client devices on the

network averagd 20 to 30 a dayut within 12 months thisiumber has grown to over

220 uniqueMACaddresi Kk RS@A OSa yR Aa 3INRghJug aidSlkRA
reached 1.2 TB and this is also increasing.
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At Gakawa Secondary Schoat shown in Figure 18e installation consists of an
Adaptrum ACRS2 Whifépace base station on an 8 m mast. In there below the 5.4
GHz backhaul antenna connectsth® Tambuzi Fan mast.

5.4 GHz Microwave
Backhaul Antenna

Figurel3- Gakawa Secondary School base station

Figure 14 depicts the predicted RF coverage of the TVWS sector at Gakawa secondary
school.
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Figurel4- Radio Mobile coverage pattern for Gakawa Secondary School approximately 85 KM2 «80REm, 8
metre mast with 10 dBi gain logeriodic 90 degree sector.

Figure 15 shows the radio line of sight analysis between Gakawa Secondary and Male
Primary schools.
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radio monitoring display capability.




3.2.1. Cape Chestnut base station

10 dBi 90 degree
UHF Sector

Figurel7 -6 Harmonics CAR 30 whigpace base station on an 18 m mast at Cape Chestnut Nanyuki. Ch 49 (698
MHZz) the 5.4 GHz 25 dBi backhaul antenna to Kenya Power 133 kv switclatigrst




Figure 18 depicts the predicted RF coverage of the TVWS sector at Cape Chestnut.

T T TTEREUS GTTE SY ] Van) T

Figure18-Radio Mobile coverage pattern: approximately 104 Riat rx-80 dbm

Figure 19 shows the radio line of sight analysis between Gakawa Secondary and Male
Primary schools.
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Figure 20 shows the 6Harmonics radio monitoring display capability.
F2 192.168.2.245 - PuTTY PSS TSR =5
- —= o




Figure 21 shows the spectrum analyzer output for the link between Cape Chestnut and
the Red Cross health care site.

Figure21 - Spectrum plot, Cape Chestnut to Red Cross Kenya (20 MHz .span)













































































































