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Four Best Practices for Operating a
ZergSnterference TVWS Network

€ Spectrum Database @) Network Design

€) TvWs Radio Design o Protocol/Rules
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SANReN

&P Existing SANReN backbone

s Construction in progress

Proposed extensions
& TENET/SEACOM 10Gbps

Port Elizabeth

Simeon Mitefr, 2011/02/10
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Spectrum Prediction and Measurement Approach

TVWS
equipment
RFP

UHF
broadcast Predict
assignments: > "coverage"
Location, pattern
frequency, etc.
Current TV
broadcast
channel use
confirmed
Measured
"coverage"
and use
Develop
Mo Predict TVWS TVWS channel
ocations = " Lokt
(Tower and = radiation and field
schools) patterns measurement

plan

Deploy in field
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Many odd-numbered channels seem available




Is there white space in the area of the trial? YES
£ 400
350
300}
250+
200
150+
100
50}

T

available bandwidth

1 1

0 leedt ) I
-110 -100 -90 -80 -70 -60 -50
threshold, dBm

- Up to 200-300 MHz could be available for very low power devices
- Eight TV channels were found unused (locally; with high safety margin)
- Six channels selected as the most suitable, using several various criteria
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IDENTIFIES CHANNELS
NOT OCUPPIED BY J"’

MANAGED CO-EXISTANCE WITH PRIMARY SPECTRUM OWNERS




TRIAL DATABASE DID NOT
MANAGE COEXISTENCE SECONDARY
I_ AMONGST J USERS
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Megabits per second

CT TVWS Trial Download Throughput Tests - 2013
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2W output

(Total Potential Transmit Power)

(4W EIRP)

27dBm Transmit -1dBm loss + 10dBi antenna



TVWS
equipment
RFP

UHF
broadcast Predict
assignments: |—{ "coverage"
Location, pattern
frequency, etc.
o Current TV
broadcast
channel use
confirmed
Measured
"coverage"
and use
Y
TVW Develop
Iocatiois Predict TVWS TVWS channel
(Tower and P “"radiation” - > and field
schools) patterns measurement

plan

Deploy in field




Current TV
broadcast
channel use
confirmed

4

Develop
TVWS channel
and field
measurement
plan

TVWS
equipment
RFP

ﬁ-

Deploy in field




Ref. -3.9 dBm *» RBW: 3 kHz SWT: 1.79s Trace: Average
» Att: 40 dB VBW: 30 kHz Trig: Free Run #Detect: RMS

h | BW: .00 MH
Power: mdBm Channel B 8.00 rd

'chcp 10 of 10
-13.9

AR
-33.9

-43.9

-53.9

LR

Display
Channel Power 01/22/13 10:47 =B




WiFi Spectral Mask (802.11)

® Ref -3.9 dBm « RBW: 3 kHz SWT: 1.79s Trace: Average
« Att: 40 dB VBW: 30kHz Trig: Free Run = Detect: RMS
Channel BW: 8.00 MHz

Center:474 MHz Span:20 MHz | -
“Mess g Level  ~Channel ~ ~ Power  ~ Power : -
Mode Adiust BW Unit Display
Channel Power 01/22/13 10:47 -




measurements on the roof of the Tygergerg hospital
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Lab setup to test for Interference

Video Player Video RF

Digital
Attentuator

Splitter 1  Splitter 2

ﬂ—l\ﬂodulator

TV test pattern: DVD playing

”

Digital””
Attgnt*uator

Analogue TV

Splitter 3

Spectru’n:l
Andlyser

_<

White Space
Device (WSD)




Perceptible levels of Interference

Ref -40.00 dBm #Atten 0 dB

WA 1,000 kHz

From a lower (N-1) channel interference from
BSto TV

Imperceptible impairment (level 5)

Very annoying impairment (level 1)

Interference



Given these levels of perceived
quality impairment

5 Imperceptible

4 Perceptible but not
annoying

3 Slightly annoying

2 Annoying

1 Very annoying

and using this test Case:

Adjacent channel interference
by WSD to TV signal

The TV signal level was
kept at
around -51.3 dBm and
WSD signal strength
was varied using the
digital attenuator 2,
repeated several
times.

we can conclude that maximum
amplitude of the video carrier
of the TV signal should exceed

the max amplitude of WSD with

digital modulation by at least

1 dB for level 4 quality
at N-1

-4.5 dB for level 4
quality at N+1

6 dB for level 5 quality
at N-1

0 dB for level 5 quality
at N+1
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Viewer repeets Poor
quality problem Step1

Y

Broadcaster determines
'whether problem could
be due to interference

Broadcaster follows
i normal procedure to fe——No
clear the problem

]

Step 6

Broadcaster follows
nomal procedure to  f—Ni

r

clear the problem

Report to ICASA

Step 7

Broadcaster
checks if is due to
interference

Step 2

Step 3

¥

Broadcaster reports
the problem to CSIR

Y

C5IR Switches-OFF | Test i
WS5Ds sector-by- -

sectof

CSIR Log
incident to
ICASA Online

s interference
cleared?

Testii

Yes

CSIR Switch-ON the | Tast i
Ws0s

CSIR switches-ON the

(If it was OFF)

as the prablesm
returned?

Yes

Step 5

TVWS Trial network again

ICASA confirms that the
problem has been cleared
adequately

Step &

CSIR Investigates
and clears the  p—Yes
problem

Repeat
Once

1s it for the
first time?

Nao

CSIR Swatch to new
channel

Stepd

Testiv

Testw

v

CSIR Switch-OFF
the Entire TVWS
Trial Network

Test vi




Viewer reports Poor
quality problem Step 1

I

Broadcaster determines
whether problem could

be due to interference

Broadcaster follows

normal procedure to N0
clear the problem

X

Broadcaster
checks if is due to
interference

Yes

5 Interferance
in the vicinity of the
trial?

Yes

v

Step 2

Step 3

Broadcaster reports
the problem to CSIR

!

CSIR Switches-OFF
WSDs sector-by-

Testi

CSIR Log
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<

Step 4
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24/7 Monitoring at Base Station
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Four Best Practices for Operating a
ZergSnterference TVWS Network

€ Spectrum Database @) Network Design

€) TvWs Radio Design o Protocol/Rules
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Technical studies confirmed that the technology works

Study

Methodology

Observation

Determine white
space availability

Predicted white space availability
using Google’s database and
confirmed with spectral scans

8 available channels were selected for
the trial

Validate
equipment for
operation

Measured out-of-band emissions
in lab

Equipment operated as expected and
has an appropriate spectrum mask
(99.9% of power is contained within
6.48 MHz +- 0.03 MHz)

Estimate TV
protection ratios

Measured perceived interference
on analogue TVs in lab

Protection ratios devised for for N+1
and N-1 channels

Confirm that TV
protection is
consistent with
the database

Set up 24 hour monitoring
spectrum analyzer at base station
looking for changes in spectral
emissions

Base station operation consistent with
database

Demonstrate
non-interference
to TV receivers

e Measured out-of-band emissions
around schools and base station

e Crowd-sourced interference
reporting from radio groups and
TV viewers

e No interference measured/detected

e Developed parameters for adjacent
channel operation

e No interference reported

www.tenet.ac.za/tvws




Technical recommendations and propagatlon modellng

We have observed that for any analogue with
sufficiently strong signal:
® WSD can be operated on the adjacent
channel on its right-hand side without
causing interference
® WSD may be operated on the adjacent
channel on its left-hand side without
causing interference, subject to the
transmission power of the WSD being
reduced
On the basis of the above observations, we
recommend that a geo-location database be
used for TVWS newtorks:
® Propagation modeled using Longley-Rice to
protect TV transmitters
The database must be able to estimate
protection ratios for each of the adjacent ,
channels | over protected by FCurves
® Provide transmission power levels to the ' -
WSDs for each of the available channels
We furt_her recoml:nend t_hat a 5‘“_"3_’ to ® FCurves (blue circle) does not account for terrain |
determine protection ratios for digital TV variation
channels be undertaken before the digital ® Longley-Rice (heat map) provides better protection &
analogue dual illumination commences. allows for variable device power

Conducting
further
studies




Impact of propagatlonmodels on channel ava|Iab ity
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Policy Recommendations

Policy Goal Recommendations
e Recognize that TVWS technology & database-enabled spectrum
lmprove access can deliver wireless broadband to end users, especially in
Internet access hard-to-serve areas, and address increasing demands on spectrum
use
e Recognize that TVWS devices can co-exist with established services
Promote e Recognize the value of spectrum sharing and promote its use as part
efficient use of of a progressive approach to managing spectrum more efficiently
spectrum e Determine protection requirements that are sufficient to avoid harmful
interference while allowing maximum usage
e (Consider multiple TVWS device profiles for fixed and mobile devices
Support a for indoor and outdoor use
comp etitive e Recognize that TVWS spectrum access through a database can
evolve to accommodate changes in technology, market requirements
ecosy stem tQ or regulatory mandates.
spur innovation e Encourage the development of multiple databases and promote
competition to drive down costs and spur innovation
e Promote an internationally harmonized approach to TVWS device
Scale characteristics and certification to take advantage of economies of
scale
technology e Consider a regional approach to license-exempt managed access
globally spectrum & conformance regimes for the equipment

Promote the development of TVWS equipment standards




— QOutline for model ...

rules documentation:

- Permissible Frequencies of Operation

« Protection of Licensed Incumbent Services

« Geolocation and Database Access

- Database Algorithm

- Database Administrator

« Spectrum Sensing in the Broadcast TV
Frequency Bands

« Technical Requirements for WSDs Operating

in the TV Broadcast Bands

http://www tenet ac za/tvws




/ The Cape Town TV White x . IEM

€& - C [4 www.tenetacza/tvws e =
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THE CAPE TOWN TV WHITE SPACES TRIAL
TENET participates with a number of partners in the operation of the Cape Town TV White Spaces Trial Network.

LATEST - Trial Results, Reports and Recommendations

The Cape Town TV White Spaces (TVWS) trial concluded September 25, 2013. The following are draft technical reports, recommendations and
other policy related resources from other trials. The Cape Town trial documents are preliminary, pending consultations and comments. Final
reports to follow in the next few months.

Reports:

+ Recommendations and Learnings from the Cape Town TV White Spaces Trial

* Suggested Technical Rules and Regulations for the use of TVWS and Managed Access Spectrum
« Cape Town TV White Spaces Tnal Field Measurements Report

« FCC proposed rules (USA)

« Ofcom TV White Spaces - an approach to coexistence - Technical analysis (UK)

Presentations:

Trial Network Overview and Accomplishments
Trial Technical Monitoring and Evaluation Report
Trial Learnings and Recommendations Report
The User Experience

Industry Support

Remarks by Regulator ICASA

About the Trial

= With the support of ICASA, the communications regulator of South Africa, a group of partners implemented a TVWS trial network covering ten

fofl &y (o | iG]l




Share of

Mobile Data
2017

o
Q
W
=
QL
o

—




Uniform
international
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Who will benefit?

o Mobile carriers: data offload

9 Fixed-line providers: Extend services

9 WISPs: Underserved markets

9 Broadcasters: Video on demand

e Small cell networks: Last-mile

Uniform

international

standards in the sub
1Gigahertz range.

Regulatory
Opportunity

Unlicensed
Secondary
Access (TVWS)

— =
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