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Digital UHF Market Leading Transmitter
Generations...

Efficiency

40 %

Improvement 25 M

30 %

Improvement 30%

/C

20 %

10 %

[ [ | I | I I
2000 2002 2004 2006 2008 2010 2012

Max Output Power in 1 Rack 3,4 kW 6,1 kKW 15 kW
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...and the impact for Digital TV Networks

2002 2007 2012
5 kW DVB-T 5 kW DVB-T/T2 5 kW DVB-T/T2

EXAMPLE: 5 kW DVB-T/T2 Transmitter

* Single Rack

» 8 Power Amplifiers

* Filter & Pump external
» Efficiency: 22 %
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Energy Efficiency & Operational Costs

Output Power
DVB-T / T2 [kW]

Savings per Year:
Effictenc '

E <~0000% (Tx3vs
1VI LUIT I11ITCTAL ycalo-

0.20 $ / kWh)
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System Compare & Improvements

U

Same Coverage —

Improved Payload Capacity

Q. 7

Same Payload -

Significant Coverage Improvement
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System Compare & Improvements

DVB-T2 can give 50% ++ DVB-T2 can deliver the same
increase in payload capacity payload and cover the same
at the same C/N ratio area with

5 dB — 7 dB weaker signals

Effective Spectrum saving Reduction of Transmitter
50% (Approx) Output power to ¥
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System Compare & Improvements

ERP 30kW
DVB-T Coverage

64QAM, CR 2/3,
Guardinterval Y,

Bitrate 19,9MBit/s 24,8 Mbit/s
B C/N 18,6 dB

Same Coverage Same Payload
area, but and improved
significantly coverage area,
Payload but significantly
increase improved C/N

ERP 30kW

DVB-T2 Coverage

256QAM, CR 3/5, 32k Ext,
Guardinterval 1/128

_ o 23,8 Mbit/s
Bitrate 36,1 MBit/s C/N 13,4 dB
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Comparision DVB-T vs DVB-T2

Coverage — Tx Output Power — Data Rate

Scenario Tx Output Data Rate Coverage | Remarks
Power

Keeping the
Modulation

= Using a higher
Modulation

= = Keep Modulation
\ and use PAPR

x > 4 P4 Not Valid

1) Make your Network planning first

2) Set up your Priorities ( More Programs or HD Services, better
coverage , etc)

3) Check your requirements ( SFN, IP distribution, SPLP or
flexible MPLP )
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Energy Efficiency

I 99% of the energy for a broadcasting Tx is required during
operation 1%

090/ 1 99% of the car_bon footpr_int
generated during operation
T\
~__

= Reducing the energy requirement during operation best approach to
reduce carbon footprint

= Power efficiency of a transmitter reflects its carbon footprint
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Focus on transmitters
How to calculate power efficiency

Useful RF Energy
Tx Output

Energy
Input

incl. cooling at a specific
signal quality level

Energy dissipated

to the room (heat)

to the outside (heat)

Modulation Error Rate (MER): 33dB

Shoulder Setting: 37dB

Useful Energy Output
Total Energy Input

Power Efficiency =
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Example
1 kW digital TV Transmitter

RF energy
5 kW output

I Assuming 20% efficiency
Energy input = 1kW/20% =5.00 kW

(including
cooling) ‘
> I 5kW X 24 h x 365 days
m = 43,800 kWh
4.00 kW I 43,800 kWh x 1.5 pounds per
kWh

Energy dissipated
to ambience (heat)

> 33 f CO,

I  Typical conversion formula from electrical energy consumption to a%o n emission:

1 kWh = 1.5 pound CO, (coal-fired power plant), source:pirr@edau@ @d/.op)t@rmyyc@ar
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Energy Efficiency |

How to reduce Energy costs

1 Highest Factor in Transmission costs is Energy costs

1 Reducing Energy costs by using modern & highly efficient
Transmitter technologies such as

Doherty & Crest Factor Reduction

1 Improving Efficiency for Digital Broadcast Transmitter from
20% to

38% (UHF)
46% (VHF)
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Efficiency enhancement technologies
Doherty amplifier

I Amplification for main and peak signals is separated
I Main amplifier amplifies average signals (class A/B)
I Peak amplifier amplifies peak signals (class C)
= |ower headroom in main amplifier required

= No energy required in peak amplifier as long no peaks are in the signal

—
PA
RF Pout—=<_~
S essemme Peak
PA Amplifier

\ (el

Exciter

Nils Ahrens — Samoa — PMPC — August 2015 17



The High Efficiency Doherty Power amplifier

Effciency /) Integrated Doherty & Broadband
Doherty:Ribigyds
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The High Efficiency Doherty Power amplifier

Rohde & Schwarz Doherty Power Ampilifier:

Eﬁi,‘ﬂfr”éyD't)herty & mtegueigd Doherty & Broadband
Technology

1 model as spare part for the whole band
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UHF Tx
VHF Tx

$596,000.00 -
$660,000.00 -
$§60,000.00 -
$420,000.00 -
$$060,000.00 -
$800,000.00 -
$$60,000.00 -

$0.00 -

@ $ 0.15/ kWh

Output Power [kW] 5.00 7.50

OPEX @ 15% efficiency $438,000 $657,000

OPEX @ 20% efficiency $328,500 $492,750

OPEX @ 38% efficiency $172,895 $259,342

OPEX @ 46% efficiency $142,826 $214,239

OPEX @ 15%
efficiency

OPEXX( ERerygyostispper ADpears

without any rise in Energy cost

OPEFX @ 38% OPEX @ 46%
errciency efﬁciency

OPEX @ 20%

efficiency %
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Costs

Significant Reduction in Energy costs

Energy Cost

OPEX ( Energy costs) over 10 years eeieilely by
without any rise in Engery cost 50% and

$700.000.00 - Accumulated OPEX can be much higher than Equipment costs

$600,000.00 -

$500,000.00 -

$400,000.00 - 60% 68%
48%

$300,000.00 -

$200,000.00 -
$100,000.00 -

$000 l 1 1 1 1 1 1
OPEX @ 15% OPEX @ 20% OPEX @ 38% OPEX @ 46%
efficiency efficiency efficiency efficiency

@ $0.15 /kWh
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Costs...some thoughts

When is the right moment for new investments...Example 1

500,000
$500,000

ccumulated Energy cos
= A lated Energy t 5kW @15¢
== Accumulated Energy cost 5k ?1
== Accumulated Energy cost 5kW\£I} 0
—s=Accumulated Energy cost 5k ?
Accumulated Energy cost SKWF 8¢
Accumulated Ener%)&cost 5kW @3
Investment of a new 5kW @38%

16605800
5500087

$0$C T T T T T T T T T ‘Y’ears Of
T T T T T T T T T 1Q]00pe["at|on

@ $ 0.15/ kWh
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Costs...some thoughts

When is the right moment for new investments...Example 2

ya
e

$0

Year 1 @ $ 0.15/ kWh

o=Investment of a new 5kW @38% , Annual Energy
cost increase 5%

=ii- Investorentatbd Eewrfi\boed S8 @ffitsébcpnnual
ArBoaldgynengy inostaserédse 10%

—éeAcowtaizdddnenge nosbSKPK\@A 5% YArmuralal
Ernérgygosbitireasasz’/d 0%

== Accumulated Engery cost 5SkW@ 15%, Annual
Energy cost increase 10%

—Years of

99 1010 Operation
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DVB-T2 Measurements |

I DVB-T2 Measurements are more complex than DVB-T

Examples

R&S ETL Constellation

Lul -27.5dBm | --- | MER 45.6dB Frm 1.0000e+001

R&S ETL Constellation
F 500

PLP Cells
before
De-
Rotation

Cells 2,0000e+005

R&S ETL Constellation

Lvl -27.5dBm | --- | MER 45.9d8B Symb 5.0000e+001

R&S ETL Constellation

d PLP

Lwl -27 5dBm | --- | MER 45.8dB Cells 2.0000e+005
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DVB-T2 Measurements |

I DVB-T2 Measurements are more complex than DVB-T
Examples: BUT WHO CAN TELL WHICH ONE IS GOOD, ACCTEPTABLE OR BAD

R&S ETL Constellati

OFDM Cells
before
Frequency
De-
Interleaving

Frm 1.0000=+001 Lvl -27.7dBm | --- | MER 24.2dB Symb 5.0000=+001

PLP Cells
before
De-
Rotation

PLP Cells
before Time
Interleaving

Lvl -27.7dBm | --- | MER 24.0dB Cells 2,.0000e+005

Lwl -27.7dBm | --- | MER 23.6d8B Cells 2.0000e+005
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DVB-T2 Configurations

8MHz Channel, 32K FFT, 1/128Gl, PP7

Good coverage for 3 HDTV
> programs (MPEG4)

High Bitrate for 6 HDTV
> programs (MPEG4)
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Space Efficiency & Operational Costs

Output Power
DVB-T / T2 [kW]

FleahAigs WEFSRar:

(wfo cootmg inirastrocture
x3

~1.000% (Tx3vs

FIUUI OpMALT LUOLO YTI YOO

(assuming 1000$ per m?)
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E~ - Efficiency to the Power of Five
Effects for a DVB-T2 network deployment

I Outstanding energy Efficiency: Over 40% energy savings
cost savings over the system lifetime compared to 7th Tx generation

(with an efficiency gain of up to 70%)

I Space Efficiency: '
smaller footprint yet more power
Possible
I Operational Efficiency: energy saving
faster operation and more in a T2 network:
functionality
> 85%
I Efficiency for customer requests: xS VeT? f
customized system solutions

(significant reduction of operation costs)

I Investment Efficiency: Engrgy savings of up to 75%
modular system concept for future needs BRGNP =R RCRIV
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Thank you!
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