TV White Space

Communications Technology
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Analog TV
What is TV White space ?

= As a start, TV frequency channels refers to the spectrum
oo o o NTSC RF CHANNEL SPECTRUM
for television broadcast radio spectrum from 4 contiguous o vido

Carrier

blocks of a total of 418 Mhz it
Ch 2 — 6 :54-72 Mhz, 76-88 Mhz (A= 6 meters)

Ch 7-13: 174- 216 Mhz, Ch 14-20: 470-512 Mhz
Ch 21 -36: 512-608 Mhz, Ch 37-51: 608-698 Mhz (A= 60 cm)
Ch 52-69: 698-806 Mhz (relocated as 700 Mhz )

= The term “TV white space” relates to the same parts of, —
which in a given location or any given time remains ——  ow __

unused for broadcast television. This happens when TV
channels are now broadcasted via cable or fiber networks
leaving them un-used or simply under-utilised. The
reduced required for separation distances are offering new
opportunities for TVWS

» Singapore is the only country other USA which allow “free
to use” TV Whitespace. This open up huge opportunities
for players to utilise them for smartgrid, remote monitoring
and control and surveillance purposes. The rest that are
testing for approval are UK, Canada and France




Frequency utilisation in USA
ok Measured Spectrum Occupancy Averaged over Six Locations [ FENLARGE

PLM, Amateur others 30-54 MHz

TV 26, RC 54-88 MHz

Air traffic Cortrol, Aero Nav. 108-138 MHz

Fuod Mobde, Amateur, othors 138-174 MHz

TV 713 174-216 MMz

Martime Moble, Amatewr, others 216-225 MHz

Fixed Mobile, Aero, others: 225-406 MHz

Amatewr. Fxed, Moble, Radwlocation, 406-470 MMz

TV 14-20 470-512 MMz

TV 21-36 512-608 MHz

TV 37-51: 608-698 MHz

TV 52-69 698-806 MMz

Cell phone and SMR. 806-902 MMz

Unicensed 902-928 MHz
Paging, SMS, Fixed, BX Aux, and FMS: 928-906 MHz |
IFF, TACAN, GPS, others. 960-1240 MHz |
Amatewr: 1240-1300 MHz |
Aero Radar, Mitary. 1300-1400 MHz |
Space/Satele, Fxad Moble, Telemetry: 1400-1525 MHz |
Mobie Satele, GPS, Meteorologicial: 1525-1710 MHz |
Fxed, Fxed Mobile: 1710-1850 MHz |

PCS, Asm. Iso: 1850-1990 MHz

Aux: 1990-2110 MHz

Common Carners, Prvate, MDS: 2110-2200 MHz

Sm Operalon, Faed 2200-2300 MHz

eur, WCS, DARS: 2300-2360 MHz

Telemetry. 2360-2390 MHz

UPGCS, ISM (Unicensed) 2390-2500 MHz

ITFS, MMDS. 2500-2686 MMz

Survellance Radar 2686-2900 MMz

00% 290% 50 0% 5.0% 100 0%
Spectrum Occupancy

© Shaed Spectrum Company 2005




What is TV Whitespace

What is TV Whitespace?
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(Test conducted in the rural sector west of Ottawa, Canada)*



US FCC Approach for TV Whitespace

US has allocated huge amount of investments into TVWS
US$7.2 billion of American Recovery & Reinvestment Act (ARRA)

US$4.7 billion by NTIA BTOP (Broadband Technology Opportunity Program)

US$2.5 billion added to Dept of Agriculture’s RUS (Rural Utilities Service) program

Call to Action by US Broadband Coalition to develop a National Broadband Strategy
Companies involved

Dell, Motorola, Intel and Philips over the last 4 years

Apple Steve Jobs greatest regret is not being able to have his own carrier as he
considers the current telco too limiting to the growth of applications using the
internet

rumoured to be Google Secret TV project and strategy behind the purchase of
Motorola to gained access into handsets

Forming of the White Space Coalition and Wireless Innovation Alliance



What are the issues with using TVWS devices ?

An issue with using white spaces in this manner is how to ensure that the
white space broadcasting devices (TVBDs) operate only in the
unoccupied frequencies or channels and within the limits imposed on the
transmission parameters. If they fail to do so, interference may be caused
to licensed users in the host countries and the neighbouring countries. To
prevent this, it is necessary for the TVBDs to:

a) determine the presence of a licensed user (TV signal); and

b) transmit at a power level that will not cause interference to
licensed services.

We had developed the technology to use the empty slots and perform
such “data slotting” without affecting the primary user
We have completed the prototyping and ready for testing



CASE STUDY - Singapore

Spectrum allocation ~100% Spectrum utilization ~6.5% meaning
that most of the time, its free
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Unused spectrum exists from ...
time to time, & location to location




But this is not all! — a large chunk is block off for
our neighbours — lets start with them

Indonesia TVR1 Malaysia TV2

MALAYSIA

l l
BCRSN cne | cn7 BGRBN cho [chto|cnit ORI . =

TV Channels
Used in SG

DAB Channels
Used in SG

U
Bukum Serdosa

Seletar’
Changi piey
Tekong
Jurong, Bedok,
SINGAPORE
*

INDONESHA

Pulai Batam

Wireless MIC
Channels Used in SG

To avoid interference in TV spectrum with Malaysia and
Indonesia, Singapore virtually loses 2/3 of the spectrum




Solutions?

- Cognitive Radi Car Drivi
- Spectrum is wasted! ognitive Radio ar Driving
Cognitive radio (CR) is a potential | Frequency spectrum Road
solution
Frequency band Lane
CR device Car

(i (o (i 0 (o 1 (i ) (o 1) (s ) (s 1) (s ) (s 1) (i
Opportunistically
use spectrum

when itis idle

Requires sensing

: Without Cognitive Radio Of available
ﬂ spectrum
When applied on TV L) L0 L0 L0
bands, it is called =D I~ 9 | I- 9 )
TV White Space
(TVWS) £ 0 =i B i) =B B B

With Cognitive Radio



General Approach to TVWS

- Opportunity

Every person and device to
communicate based on 802 standards

Insufficient spectrum exists to
accommodate all possible use

Creative refarming of existing spectrum
and allows the exploitation of un-used
and under-utilised spectrum like those at
3650-3700 Mhz spectrum

ability to identify available spectrum

- General Whitespace use cases
4 W generally for rural/suburban

4 W to 100 mW for Long Range/
Suburban with extension

Asymmetric (4W Downlink & 100 m\W)
Congested Urban (Sensing Only)
Short Range < 50 mW

4W Fixed

« Outdoor use outside the TV protected contour (41dBuV/m) and
beyond the keep-out distance of all TV channels used in the area
and their adjacent channels
* _+ Towns, villages
Geolocaton — B — .+ Rural-areas, Farms
embontSotors. . Suburbs
&
N

\

=
1e®

e Fixed Devices

A + Waterpark Enterprise

Hunting Lodge

@A Fishing Lodge

P* Agriculture Enterprise

« Military Equipment

« Public Safety Equipment
R y - « All Business Enterprises

Fixed Registered Master =

« Database Access ot

« Cell Towers Installable 1

« Private Comm. Systems Mmﬁ

» Emergency Services =

* Water Towers = ————————

* 20-30km Coverage

Fixed Devices

* Suburban § X - Light Residential/Suburban
;M%o&sh;yr%e;led Access s.m Fixed Devices « Farming & Agricultural
g . Ranchi
b Sprstns = e
* Public Safety

1/20, 2&]09

* Grain Elevator Enterprise
* Slaughterhouse Enterprise

4W to 4W fed by 100mW

« Indoor or outdoor use outside of both the protected contour
&0 (41dBuV/m) and also the keep-out distance of all channels or adjacent

Ne?/ channels in use in the area of operation
o
- - Towns, vilages 100mW Personal/Portable
== Rural areas, Farms Devices
o B Sububs ~Onboard
Incumbent Staflons. o « Roaming computing devices
. <4W = « Internet Access
Fixed ' * Voip
d‘\ CPE Access point
(Portable TVBD or
Wi-Fi) \
4W Fixed Master
« Database Access
« Cell Towers Installable
« Private Comm. Systems ) 100mW Personal/Portable
« Emergency Services Devices
: ‘é‘éa‘aeofkmgm ‘ 100mW Personal/ + Mobile
* 20-30km Coverage .
. Suburbon 9 { ortable Devices + Push to Talk
« Consolidated Access (MDU/MTU) 4 « Movable Systems I\?‘Oell;'-’:e1 Rocess
« Military Operations « Internet Access
+ Public Safety * Onboard Tractors
« Private Radio Station - VoIP
+ Broadcast Radio 112012009

« Private Radio Station

4W to portable 100mW

* Indoor or outdoor use outside of both the protected contour
&= (41dBuV/m) and also the keep-out distance of all channels or adjacent

‘\“ee channels in use in the area of operation
e —d - 100mW Personal/Portable
Q- Devices
Geolocatia™ “Towns villages - « Onboard
Tﬁm'l‘gr:;um Rural ! E = « Roaming computing devices
ural areas, Farms e * Internet Access

+ Suburbs « VoIP
+ Urban/Metropolitan — only-where spectrum is available
Download bandwidth > Upload bandwidth

&
\

\

4W Fixed Master

+ Database Access

+ Cell Towers Installable
« Private Comm. Systems
» Emergency Services

100mW Personal/Portable
Devices

* Mobile
[ ‘é\éa's%rkméers 100mW Personal/  *Pushto Talk
swbutan { Portable Devices ~ * Intemet Access
[ e/ - VoIP
« Consolidated Access (MDU/MTU) | S * Movable Systems
* Military Operations * Internet Access
* Public Safety * Onboard Tractors e

«VOIP
* Broadcast Radio

Personal/Portable Devices
are directly connected at
100mW near the Fixed Master



Long Range Non LOS Trial

©.2012 TeelejAtlas
©2012 Maplt Py
Image © 2012{GecEye

Managed to achieve range > 3km
in NLOS high-rise environment
Height of antenna — 32 m , Power — 4 W




Data Rates & Range Tradeoff

Data Rates vs Range
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» Based on path loss exponent of 2.5
» Transmission power of 4 W

 Carrier frequency of 700 MHz, can be varied and “jumped” to any unused

Pdde 12

channels and for the trial we are planning on 1.5 Mbps




Current TVWS developments

One of our applications
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Substation/Smart Metering and security
Monitoring

- SP Powergrid Asset Monitoring

- Substation Security Management
Intrusion Detection/Alarm and Last Gasp
Image

= SECURITY CAM

- Smart Metering where every meter can be a
WIFI hotspot

- Smart Home payment services

Power Status for EV and DG/ Substation
Group/Grid Wide Information




Smart Home/Smart Grid Applications

Home Apartment

Iphone App to manage ;’

=TI ]
@ ~ C o
' 4
e
/] _ I\I!anagement of_ Energy
% distributed generation Markets
' (Virtual Power Plant)
- Distributed Intelligence
with online information
¥ ) 0 about MV and LV grids
. % (Smart Grid)
L2 ¢ /=~ Balance home
sssss I 4
v loads
=
=

Prepaid or post paid with other meters if possible



Some Current Deployments in Singapore

NUS Utown TVWS Metering Trial

»
»
»
»
4
]
2
2

‘System



TV White Space (TVWS) Trial @ NUS

Singapore

R Polytechnic e * No. of concentrators:
Qef‘onda'.'ry ‘Graduaf&}; Guild - 2 to 4
* No. of meters:
up to 2000

Frequency: UHF bands
Range: 700-1000m
Power:

*100 mW (last mile)

*Speed to double
if we set at 500
mW as approved

*Up to 1 Watt (infra)

» Data rates: ~5 Mbps
(aggregated raw rate)




Gardens By the Bay — TVWS/Super WIFI
Broadband conectivity for public users
to be completed by June 2013




Gardens by the Bay - WAN

Last Mile Network WAN Network GB energy Centre
< > < > <
TVWS End
Node
‘-‘.‘ Access Control
TVWS Network Systems
TVWS End R routers
Node "1\ 700 MHz
((,(""i ))) Q :
- B &
—"—1 p
TVWS End - .
Node =" : -~ firewall/
p | routers
7

Mobile direct TVWS devices

The Meadow



SuperWIFI for Internet Connectivity and Survellience

JoommE Control
T ws M

Concentrator
A
L .
Optional Mobile TVWS S )
devices ’ Park-wide

coverage

TVWS End
Node
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Proof of Concept — Video conferencing

Comments:

Lee Vg /z 7 j“ o '/4/.
/iu{li( s /_SWUU {/4/// MJ{ W / /:;//éwﬂu
/v /Zt / /’ha,u//y Z;/ b (//4//1 ’% ﬂf /’44’#/’08.

" ' "
/(“/&L /43 OZ‘ Zg{ Gardens by ta By

Name and Signa re

Date: 9/ [ 1 1%

A
it
e

No.

Venue of secondary
transmission device

Video Clarity of 1 -5
(1 as poor, 5 as good)

Voice Clarity of 1-5
(1 as poor, 5 as good)

The Meadow

5

5




Smart City — Punggol Town
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Smart City Deployment — HDB Punggol Town/

Yuhua Town

AN

[ Phasge 1

i
Town Specs: 5 sq km town
100 blocks
2000 households

Page 23

Vision

« touse TVWS is to breach longer distances to
provide Secure Private wireless connectivity —
Lower costs

Type of M2M Applications and devices for

greenprint

«  Energy Metering using Power meters installed
at HDB switchrooms

*  Metering of PV panels

«  Streetlight control

Potential Applications

* Rooftop and illegal Carpark/Activities using
Video cameras and encorders

«  Environment Management - Temperature
sensors

«  Condition Monitoring/Smart Maintenance of
equipment - Lift Monitoring/Rubbish/Littering
surveillance/Management

« Lighting on/off/dimming control



Backhaul Topology- from backhaul to
Neighborhood Network (NN)

A HOME AREA NETWORK:
PA TVWS « SMART THERMOSTAT
Fiber Base * HVAC
Station/WIFI
Backhaul * APPLIANCES
B EEEREEEEEEEERE mesh
@ @ @ ’ « LOAD CONTROL

. backhaul e

HDB WIFI/TVWS Mesh

Network e .
ENTERPRISE BACK OFFICE UL <
node ’ i
APPLICATIONS: =
7 BILLING
« LOAD MANAGEMENT
' gg;ffiélgﬂANAGEMEN‘ NEIGHBORHOOD AREA NETWORK

oo oo WDEAREA COMMUNICATIONS NETWORK




Network Architecture

~ Last Mile Network

\ 4
/

TVWS Network

<
T

Head Quarter

N,
.

2.4 WIF
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B
BPL to TVWS
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TVWS to BPL/WIFI Deployment Network

TVWS can be deployed in different

Y scenarios and note that at the end we
TVWS need to put as ethernet or WIFI for users
Goncentralor \ relay to connect:-
WS . * TVWS Direct to Households — when
( W Y WS Rw.mg modé possible
« TVWS to BPL
O\ * TVWS to 2.4 Ghz WIFI
 TVWS to BPL and BPL to 2.4 Ghz
TVWS WIFI
TVWS relay
Direct __| TVWYS Rouing mode
| \
| .
Substations
@ We can also extend
Al —“ WIFI using WIFI
TVWS to 1 : BRLC \ \ TVWS to S
BPL v i oW wiR
Y

\\ [ carpark]




HDB

Page 27

@ WIFI

Users will access the Internet via WiFi
Backhaul with TV whitespace

Service Controller for rating/charging

Fair Use Policy —
' SPACE LINKS
' |
POINT OF i h
PRESENCE
INVENTUM
SERVICE CONTROLLER

——
=

ACCESS LOCATION

(53
((



In Building Connection

In Building BPL/WIFI Connection
Diagram

: ;‘() Rooftop TVWS
- . -% antenna, (think old TV
o Antenna} BPL end

Nodes to link 1o 3
phase Head End Unit

and uplink to TVWS

|® & =

HDB Condition
Sensors like noise

-

3B % sensors, fire alarm,

1 & - emergency alarms,

 — PA systems
......................

OO0 00 ~— g Tl

IEREREE R ;
3 pha;,e SZL r'?c%dem H ‘ . ‘ H “ n
loca at Switchroom
g e s SwiEnean Simply, every power socket in the
building is enabled with BPL/WIFI




Sentosa island Wide Wireless
Surveillance and WIFI
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Sentosa island wireless surveillance and WiFi
coverage plan

Optional Extension Pglawan Beach coverage

GOLF CLUB

/

AT )
clelc b R A/
® -SEN.To.sgc 26 )} == A "y

A = nl|lev¢nue “ f
s CIRIESHis)
ESORTS WORLD®
A< SENTOSA
a1 A e

| T S L
@ ATM (Automated Teller Machine) . i - | : (@)
®  Beach Patrol Observation Tower (9am-7pm daily) - T c
B currency Exchange (10am-9.30pm daily) 3€
[#] First Aid (9am-7pm daily)
2 Halal (Muslim) Dining

Lockers . -

Follow this path! Take a leisurely stroll on

Norsing Room 10,28, 2F, 48 / - Sentosa Boardwalk and explore fun-flled [
£¥ Prayer Room (9am-9pm daily) 1D | e A\ AR activities and a good mix of F&8 outlets at S5

@ PublicToilet ¢
Sentosa, Asia's Favourite. round!
% pecommended Swim Area g Playg:

B wiiArea - \ T
Information & Ticketing 1D, 3E, 3D, 4D = = B\ . e

HQ-to-Merlion Link

=hy L
SERAFJON <




Last Mile Network TVWS WAN Network Sentosa HQ
< > < > <

TVWS End
Node

E _l Beach Station

700 MHz

4 Access Control
E;_' - I, -

R % Systems
1 Site @ Palawan
Beach TVWS End routers
Node

700 MHz

1 Set of IP Camera - -
@ Merlion Plaza TVWS End s
Node -

;
oo
.

“»

Mobile direct TVWS devices

Sentosa Golf Club (optional)

Q/ firewall/

routers



Shell Bukom — Permitting and
Wireless Fencing
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Permitting for Shell Bukom

— A s

A{.o’:o. 2 :’l
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%

TVWS Base Station




Wireless Alarming

- Location by GPS+TVWS end alarms - IP alarms

- Once installed, clustering and zoning by backend settings

- Logic of alarm from timing control, frequency of alarms and
triggers

Suitable for smoke alarms, emergency, heat and even
movement on certain timings

Alarms broadcast after trigger can be general or specific
to groups

Remote control/cancellation
Integrate to video feed

Enforcement needs

Page 34 2-14



PSA - Port and Offshore
Connectivity
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Over the Waters

Police Coast Guard Border Connectivity Plan

mesh .-
24GHz Coverage .

SuperWiFi Coverage




Types of TVWS Applications

Potential TV WS Applications

WRAN (IEEE 802.22) In-Home MM Distribution

¢ ',
..... hr"f !Fgg'ﬂ !.;f:.‘rﬂ . 'I i
. l!lx%_ E "! !! L - i’ E I_\:é
Y

Source: intel

H P b

High Power Fixedﬂ

Tele-Health
(Assisted Living & Elderly Care)

Home Automation
& Control

Hospital

Fixed and/or Portable Low Power Portable

Philips Electronics, Tom Patton, June 23, 2004

Neighborhood
Networks

Sowrce Microsoft
Low Power Portable

Telephony

Low Power Portable



Comparisons between 3G/GPRS to TV
White Space

Price ($/month) 53.90

Max. speed’ (Mbps) 4.8 (DL), 1.3 (UL)?
Max speed at cell edge (Mbps) 0.6

Max number of simultaneous connections 6

(assume 100 kbps for Smartgrid
applications like load shedding)

Number of simultaneous 5 MHz 1
frequency channels (max)

Max number of meters/devices per 600
Access point at one location

Notes:
1Based on Singtel: http://home.singtel.com/bbmobile/

13.5

1.5

18

103

6000

2Uplink (UL) speed is estimated based on downlink speed. Average trueput from 3G 7.2 Mbps are really not
achievable and really less than 300 kbps at most situations . GPRS is only 80 kbps at best.

3Based on IDA’ s current TVWS guideline

4The actual numbers should be higher as it is unlikely that all devices will be at cell edge



Conclusions

TVWS has range and penetration benefits compared to
other technologies

TVWS is moving from concept to commercialization

Various aspects such as regulations, technologies,
applications, end users are in place

TVWS is gaining momentum worldwide

We are looking forward to more innovative use of TVWS
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