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and F[e'auency Planning Aspects of DVB-T2

Network Planning Parameters

@ﬂmum signal input levels \ P/rotection ratios \

« DVB-T2 vs. DVB-T/DVB-T2

: :  DVB-T2 vs. Other Services (LTE etc.)
Signal levels for planning

* Bands lll and IV/V Overload thresholds

« Fixed rooftop reception « DVB-T2 vs. Other Services (LTE etc.)
» Portable indoor/outdoor reception _

e Mobile reception Partly available yet

&Handheld portable/mobile reception / \ /
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NetMand Frequency Planning Aspects of DVB-T2

Network Planning Parameters

Signal Levels for Planning

Required signal levels are basic network planning parameters

Information required on:
Robustness: C/N
Receiver: Receiver noise figure, antenna gain, feeder loss
Receiver site: Man-made noise, penetration loss, height loss
(transmission channel characteristics in C/N)
Coverage quality: Reception mode, location probability

Methodology identical to known digital broadcasting systems
(DVB-T and T-DAB)

Details are collected in Annex 1 of EBU Tech 3348
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o Net\Mand F[e’duency Planning Aspects of DVB-T2

Network Planning Parameters

- g

Signal Levelr Planning

Examples described in EBU Tech 3348 for Band Il and Band IV/V:

Reception mode Example DVB-T2 variant | C/N [dB]
Fixed reception 256-QAM, FEC 2/3, 32k, 20.0
PP7
Portable outdoor reception / 64-QAM, FEC 2/3, 32k, 17.9
urban (Class A) PP4 )
Portable indoor reception / 64-QAM, FEC 2/3, 16Kk, 18.3
urban (Class B) PP1 )
Mobile reception / rural 16-QAM, EE]C_: 172, 8k, 10.2
Handheld portable outdoor 16-QAM, FEC 1/2, 16Kk, 9.8
reception (Class H-A) PP3 ]
Handheld mobile reception
(Class H-D) 16-QAM, FEC 1/2, 8k, 10.2
(i.e. terminals are used PP2 )
within a moving vehicle)

....... II.Tpages
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_ Net\ma”d F[e’duency Planning Aspects of DVB-T2

DVB-T2 in Band IV/V

Frequency

Minimum C/N required by system

System variant (example)

Bit rate (indicative values)

Receiver Noise Figure

Feeder loss

Antenna gain relative to half dipole

Min equivalent field strength at receiving location
Allowance for man-made noise

Penetration loss (building or vehicle)

Location probability

Minimum median equivalent field strength at
reception height; 50% time and 50% locations

Location probability

Minimum median equivalent field strength
reception height; 50% time and 50% locations

Freq
CIN

=
Lf
Gd
Emin
Pmmn

Lb, Lh

Emed

Emed

MHz
dB

Mbit/s
dB
dB
dB

dBuVv/m
dB
dB
%

dBpV/m

%

Network Planning Parameters

Signal Levelr Planning

Fixed

650
20.0

256-QAM
FEC 2/3, 32k,
PP7 Extended

35-40
6
4
11
45.3

70
48.2
95

54.3

ITU WP6A, EBU Workshop on DVB-T2, Geneva, 23 April 2012

Simplified table from EBU Tech 3348 for two cases in Band IV/V:

Portable
indoor/urban

650
18.3

64-QAM
FEC 2/3, 16k,
PP1 Extended

23-28
6
0
0
50.6

11
70

66.8
95

75.9
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Ne \Mand Frequency Planning Aspects of DVB-T2

Network Planning Parameters

Protection Ratios / Overload Thresholds
All PRs for reference DVB-T2 mode from Draft [2ZNDDTTBPIlan]
DVB-T2 vs. DVB-T / DVB-T2

Co-channel PR: Identical with C/N (for appropriate
transmission channel)

Adjacent channel PR: from Draft [2NDDTTBPIlan]

Extended bandwidth mode: Identical with normal mode

Into DVB-T: Identical with interference from DVB-T

DVB-T2 vs. other broadcasting systems (T-DAB, Analogue TV, etc.)
Co-channel and Adjacent channel PR: not available yet
Into T-DAB, AnTV, etc.: Identical with DVB-T figures

DVB-T2 vs. non-broadcasting systems (LTE, ...)

For LTE Base Station and LTE Terminal

Co-channel PR: not available yet

Adjacent channel PR: from Draft [2NDDTTBPIlan]
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Net\Mand Frequency Planning Aspects of DVB-T2

Network Planning Parameters

Protection Rs / Overload Thresholds

Protection ratios for other DVB-T2 modes
Simple adaption method: Use respective difference from C/N figures
(Comment: Is rough approximation; measurements preferable)

Overload Thresholds: DVB-T2 vs. DVB-T2
Adjacent channel Ouw: from Draft [2NDDTTBPIlan]

Overload Thresholds:

DVB-T2 vs. non-broadcasting systems (LTE, ...)
For LTE Base Station and LTE Terminal
Adjacent channel Ouw: from Draft [2NDDTTBPIlan]
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Netmk and Frequency Planning Aspects of DVB-T2

Network Plannlng Objectlves

Network Planng Objectives

Number of programmes: Capacity of DVB-T/T2 MUX
Quality of programmes: Capacity of DVB-T/T2 MUX
Quality of coverage: Robustness of DVB-T/T2 mode
Frequency efficiency: MFN/SFN performance

Trade-off between capacity and robustness

Costs
(Economic aspect which rules the technical choice)
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NetMand Frequency Planning Aspects of DVB-T2
oa Network Planning Objectives

MUX Capacity - Example

MFN Rooftop reception (UK case)
Same coverage area for both DVB-T and DVB-T2

DVB-T Parameters DVB-T2 Parameters
Bandwidth: 8 MHz Bandwidth: 8 MHz
FFT size: 2k FFT size: 32k
Carrier mode: N/A Carrier mode: extended
Sca;taetrti(rjnl?llot N/A Sca;taetrt(;(rjnl?llot PP7 Galn in data rate:
Guard interval: 1/32 (7 ps) Guard interval: 1/128 (28 us) 16 Mb |t/S
Modulation: 64-QAM Modulation: 256-QAM
Code rate: 2/3 Code rate: 2/3
C/IN (Rice): 20.1dB C/N (Rice): 20.0dB
Resulting data rate: 24.1 Mbit/s Resulting data rate: 40.2 Mbit/s

Usable for: More programmes or better picture quality
Overview on MUX data capacity in Annex 2 of EBU Tech 3348
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Nel_Mand Frequency Planning Aspects of DVB-T2

Network Planning Objectives

Robustness - Example

SFN Portable reception
Same data rate for both DVB-T and DVB-T2

DVB-T Parameters DVB-T2 Parameters
Bandwidth: 8 MHz Bandwidth: 8 MHz
FFT size: 8k FFT size: 16k
Carrier mode: N/A Carrier mode: extended
Scattered Pilot Pattern: N/A Scattered Pilot Pattern: PP3 Gal n in C/N
Guard interval: 1/4 (224 ps) Guard interval: 1/8 (224 ps) 7 d B
Modulation: 16-QAM Modulation: 16-QAM
Code rate: 2/3 Code rate: 1/2
C/N (Rayleigh): 17.2dB C/N (Rayleigh): 9.8dB
Resulting data rate: 13.3 Mbit/s Resulting data rate: 13.1 Mbit/s

Usable for: Less transmitter power or Larger coverage area or
Improved reception mode
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Netmk and Frequency Planning Aspects of DVB-T2
< Network Plannlng Objectlves

SFN Performane

SFN performance is restricted by self-interference
Limitation on inter-transmitter distance and size of SFN

Crucial parameter: Guard interval Gl

Larger Gl -> Larger inter-transmitter distance / size of SFN

Rule of thumb: Gl length x ¢ = inter-transmitter distance

Trade-off between data capacity and Gl length

higher FFT/same Gl:
higher MUX capacity

Gl | 8ksymbol 20% overhead

Gl 32k symbol 6% overhead  higher FFT/same MUX capacity:
Figure 2.12: Guard interval overhead reduction with larger FFT size |arger SFN
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Implementation Scenarios

Which combination of DVB-T2 parameters for a specific purpose?

@ed rooftop reception \

Scenarios:

1 Same coverage as DVB-T,
Transition period

2 SFN, maximum coverage
3a SFN, limited areas

3b SFN, large areas

Scenarios:
4 Maximum data rate
5 Maximum coverage

6 Optimal spectrum usage

8 Common MUX usage,

I IKT Institut fiir Rundfunktechnik

wifferent services

G)rtable & mobile reception\

7 Mobile reception, small bandwidth
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Netw rk and Frequency Planning Aspects of DVB-T2

Implementation Scenarios

Fixed RooftopReception

Fixed rooftop

. Fixed rooftop reception
reception

Fixed rooftop reception

Implementation

Scenario

(maximum coverage area Limited area SFN

Fixed rooftop reception

MFN

(UK mode)

1

extension)

(GEO6 Allotment)

3a

Large area SFN

Bandwidth 8 MHz 8 MHz 8 MHz 8 MHz
FFT mode 32K 32K 32K 32K
Carrier mode Extended Extended Extended Extended
Scattered Pilot PP7 PP2 PP4 PP2
Pattern
1/128 1/8 1/16 1/8
Guard interval
(28 ps) (448 ps) (224 ps) (448 ps)
Modulation 256 QAM 16QAM 256 QAM 256 QAM
Code rate 213 213 213 213
CIN 20.0dB 11.6dB 20.8dB 21.2dB
Data rate 40.2 Mbit/s 16.7 Mbit/s 37.0 Mbit/s 33.4 Mbit/s

Table 5.1: Overview of the Rooftop Implementation Scenarios
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‘Network and Fréquency Planning Aspects of DVB-T2

Implementation Scenarios

Portable and Mobile Reception

portable portable portable mobile portable and mobile
reception reception reception mobile reception

. ; . . reception
(maximum (maximum (optimum reception P (common usage of MUX by

Band IlI . .
date rate, coverage area spectrum Band Il different services)l

(alternative)

portable

Implemen- reception
tation (maximum
date rate)

alternative) extension) usage)

Scenario 4a 4b 5 6 b
high data low data
rate rate
Bandwidth 8 MHz 8 MHz 8 MHz 8 MHz 1,7 MHz 1,7 MHz 8 MHz
FFT mode 16K 32K 16K 16K 4K 4K 8K
Carrier mode Extended Extended Extended Extended Normal Normal Extended
Scattered
Pilot PP3 PP4 PP3 PP1 PP2 PP1 PP1
Pattern
1/8 1/16 1/8 1/4 1/8 1/4 1/4
Guard interval
(224 ps) (224 ps) (224 ps) (448 ps) (278 ps) (555 ps) (224 ps)
Modulation 64 QAM 64 QAM 16 QAM 64 QAM 16 QAM 16 QAM 64 QAM 16 QAM
Code rate 23 2/3 12 2/3 12 12 2/3 12
CIN 17.9dB 17.9dB 9.8dB 18.3dB 10.2dB 10.2dB 18.3dB 10.2dB
Data rate 262 Mbitls | 27.7Mbits | 131Mbits | 22,6 Mbitis 2,5 Mbits 2.2 Mbit/s 22,4 Mbit's 11,2 Mbit's
(max) (max)

Table 5.2: Overview of the Portable and Mobile Implementation Scenarios
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— NetMand F[e’duency Planning Aspects of DVB-T2

Implementation Scenarios / SFN extension

B

Scenario 3b: Rooftop Reception
SFN, Large Area

Planning exercise in Finland (Progira)
3 transmitter network, fixed rooftop reception, channel 6 (VHF)

DVB-T SFN ch 6 - 64QAM R= 2/3 Tg 224 us- Fixed reception DVB-T2 SFN Ch 6- 256 QAM R=2/3 Tg= 512 us Fixed reception
N ~ T - TS >, o BE T - 7 I (Y 7 T Coverage probability
o W e L Lo h Coverage probability oy i el LT v S
T Y e\ ) F 3
.‘? EURAIOR K '
_ - ; DVB-T2
: | 8k, 64QAM-2/3 2 »“H 32k, 2566QAM-2/3

Gl 1/4 (256 pis) o % |PelsEI2)s)
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Nétwbrk and Frequency Planning Aspects of DVB-T2

Implementation Scenarios / SFN extension

Scenario 6: Portable eception
Optimal Spectrum Usage

Planning exercise in Bavaria (IRT)
10 transmitter network, portable outdoor reception (UHF), (Map: 300 km x 300 km)

[ = 70 % V5w

[ 170-95% 5w
[C195-99% 15w
[ 1=99% /5w

[ = 70 % VSW

[ 170-95% V8w
[C195-99% 1S
[ 1=99% VsW

DVB-T
8k, 16QAM-2/3
Gl 1/4 (224 ps)
CIN=17.2dB

13.3 Mbit/s

DVB-T2
| 16k, 640AM-2/3
Gl 1/4 (448 ps)
CIN=17.5dB
22.6 Mbit/s
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Net\Mand Frequency Planning Aspects of DVB-T2
Implementatlon Scenarios / SFN extension

Mixture of Scenarios:
Maximum Data Rate / Maximum Coverage Area

Planning exercise in northern part of Germany (NDR)
4 transmitter network, portable outdoor reception, channel 47 (UHF)

Empfang mit Dachantenne
Empfang mit Auenantenne
Empfang mit Zimmerantenne
Senderstandort

Empfang mit Dachantenne
Empfang mit Auenantenne
Empfang mit Zimmerantenne
Senderstandort

e @O

N s s =
ooy ] ! o
[m]
. =

NGO

........
™ 3

Kanal: 47 Kanal: 47

KEBNg L T

Banti sy
Salslatin Saisiabinf

4 Ausbreitungsmodell: IRT2D 2008 # Ausbreitungsmodell: IRT2D 2008
i — .

Mode: 16 QAM, 2/3 Mode: 64 QAM, 3/5

Guard Intervall: 1/4 Guard Intervall: 19/128

zzzzzz

Flensburg: 50 kW ND Flensburg: 50 kW ND

Ops Ops
Schleswig: 5 kW ND Schleswig: 5 kW ND
-20 s Ops
Kiel: 50 kW ND Kiel: 50 kW ND
Ops Ops

Bungsberg: 50 kW ND
70 ps

Bungsberg: 50 kW ND

go e Ops
o i ' Tl -0 B o e 3 e
Bk, 160AM-213 [} LS sl | seon 16k, 64QAM-3/5 [ S0 e o
Bltwml N K47 ARD : L~ il
Gl 1/4 (224 ps) e Gl 19/128 (266 ps)f = e
CIN=17.2dB C/IN=15.5dB

13.3 Mbit/s 23.0 Mbit/s
\_ v, —
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NetMand Frequency Planning Aspects of DVB-T2

Implementatlon Scenarlos / SFEN extenS|on

Scenario 3b: for portable reception (with 64QAM)
SFN, Large Area

Planning exercise in Finland (Progira)
3 transmitter network, portable outdoor reception, channel 6 (VHF)

DVB- T SFN ch 6- 64 QAM 2!3 Tg— 256 us Portable outdoor 19.9 Mbit/s DVB-T2 SFN ch 6- 64 QAM 3;‘5 Tg' 512 us Portable outdoor 21 Mbit/s
{ # r}b_‘g ! \ o L= \ {Caverage probability
A F i /I: 1 070-090
) qj 3 : | S . By e o e UM —es.n0
L L TR S N \ B | i s i
0 N Etirobnsntemaebriina { 4}; e ',-!r 4 . _ S ST
DVB-T §f G AR RS - ¢ 2 R
< nr, ; \ ol =2 b, :. '__ ; |_..I'.’.‘_
| 8k, 64QAM-2/3 &"QZ;*;_ e : e ) 32k, 64QAM-3/5
= W e S i 4 : ok k\)\'_ P _.--". L_ [ _//—' :"\
I Gl 1/4 (256 ps) ‘ﬂh i 52 r \ Gl 1/8 (512 ps)
C/IN=21.8dB o T ;’f ! T, W = R ¢ 1 { C/IN=17.1dB
17.4 Mbit/s . ; ' ' : 21.2 Mbit/s

II\T Institut fiir Rundfunktechnik ITU WP6A, EBU Workshop on DVB-T2, Geneva, 23 April 2012 © IRT — Brugger



.Né_'tvvérk and Frequency Planning Aspects of DVB-T2

Overview Part 2

Overview Part 2

* Network Planning Parameters
* Network Planning Objectives
e Implementation Scenarios
 SFN Extension

* Receiver Modelling

* Note on General Planning Methods, Criteria and Parameters

. page 26
II\T Institut fiir Rundfunktechnik ITU WP6A, EBU Workshop on DVB-T2, Geneva, 23 April 2012 © IRT — Brugger



Net\Mand Frequency Planning Aspects of DVB-T2

Receiver Modelling

Recelver I\/Ioling

Synchronisation of Useful Signals

In multipath environment (SFN or/and echoes) signals arrive at different times.
This requires synchronisation strategy for FFT evaluation window.

Description of synchronisation strategies, e.g., in EBU BPNOGG6.

Performance beyond Guard Interval

Useful signals beyond guard interval degrade gradually. This gradual degradation is
restricted by Nyquist limit given by pilot pattern choice and interpolation mode: Interval
of correct equalisation.

Receiver modelling is an issue for a network planning tool.
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s Netmkand Fré’duency Planning Aspects of DVB-T2
ST ' Receiver Modelling

UHF 2 UHF 4
Wi(t) 4 MODE (Large area (Large area
i SFN-Rooftop)  SFN-Portable)
1
. ; Modulation 256-QAM 16-QAM
/ \ FFT size 32k 16k
i Code rate 3/4 1/2
i Pilot Pattern PP2 PP3
! Guard interval fraction 1/8 1/8
i T, (bs) 448 224
« Tp ‘ T, (us) 3584 1792
! Nyquist limit as
E fraction of T, 1/6 1/6
i Nyquist limit (us) 597 299
H . Equalisation factor 57/64 57/64
1, 0 T, Tt t T, time (us) 532 266
Figure 3.1: Weighting function w;(t) ) Table 3.10: Calculation of interval of
(with an equalization interval El starting att = -t,) correct equalization for two DVB-T2 modes

Table of Nyquist time for frequency and time interpolation vs. guard interval
Is given in Annex 3 of EBU Tech 3348
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NetMand Frequency Planning Aspects of DVB-T2

General planning aspects

General Planning Methods, Criteria and Parameters

Many general frequency and network planning aspects for DVB-T2
are identical or (very) similar to DVB-T:

- Reception modes: Fixed, Portable, Mobile, Handheld
- Coverage definitions, Location percentage
- Calculation of signal levels:

Antenna gain, Feeder loss, Man-made noise, Height loss
Building penetration loss, Vehicle entry loss

Information collected in Annex 1 of EBU Tech 3348
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Netmk and Frequency Planning Aspects of DVB-T2
4 Documents and References

Documents and References

EBU:
BPNOO5ed.3: Terrestrial Digital Television — Planning and Implementation Considerations

BPNOG66: Guide on SFN Frequency Planning and Network Implementation
Tech 3348: Frequency and Network Planning Aspects of DVB-T2

Tech 3317: Planning parameters for hand-held reception

ETSI:

ETSI EN 302 755 V1.3.1 (2011-11): System Specification
ETSITS 102 831 V1.1.1 (2010-10): Implementation Guideline

ITU-R:

Rec BT.1306, BT.1877, BT.1368, BT.[2NDDTTBPLAN],
Rec P.1546, P.372, SM.1875 etfc.

Technical Annex GE06 Agreement
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Thank you for your attention

Roland Brugger

IRT Frequency Management

Institut fur Rundfunktechnik
Floriansmuhlistral3e 60
80939 Miinchen

Tel. +49-(0)89-32399-436

Fax +49-(O)89-32399-354 All right d. All text, i hi d chart tected b
. . rights reserved. All text, images, graphics and charts are protected by

E-Mail: brugger@lrt.de copyright. Reproduction or use of the content is not permitted without the

express consent of the author. Please not that some of the photo material
used in the presentation is subjected to third-party-copyright.
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