Januar 2015, rapport vedr forsgg med
T2 Lite | Den nye mobil broadcast standard

Af Kenneth Wenzel, projektleder, Open Channel ApS
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Hvad laver Open Channel?




Uafhaengig dansk DTT Gatekeeper

« Siden 2006 lavet tests og drift med terrestrisk
digital radio & TV i Storkgbenhavn.

* Eriluften med tre forskellige DTT mux i
Kgbenhavn, som kan modtages af mere end
700.000 husstande, svarende til 28 % af samtlige
danske husstande.
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2010 | On Air med DVB-T2

Ingenigren
Fremtidens HD TV-teknologi bliver
udsendt 1 Kgbenhavn

Den ferste test i Danmark af teknologien DVB-T2, der skal give bedre plads til HD-TV |
frekvensbandet, er gaet i luften.

Af Jakob Meallerhej 9. jun 2010

Den kebenhavnske virksomhed Open Channel er som de ferste i Danmark gaet i luften med et o 11
forseg, der skal teste DVB-TZ2. Standarden ses som afleser for DVB-T, der i dag bliver brugt af
bade det offentlige Digi-TV og det kommercielle Boxer til at sende digitalt TV til danskerne, der
kan modtages med en hjemmeantenne og en dekoder. 0

»Lige nu udsender vi et ukodet signal med 600 Watt. Baggrunden for Open Channels forseg er, W Tweet
at man med 2. generation terrestrisk digitalt tv far naesten dobbelt sa meget kapacitet som i dag,
og den ekstra kapacitet kan med fordel bruges til at sende flere tv-kanaler i HD,« siger direkter i ﬁ

Open Channel Kenneth Wenzel.

ﬁ Share

Udsendingen sker lige nu fra en enkelt sendeposition i 100 meters hejde fra TDC Tarnet ved
Borups Allé i Kebenhavn. Signalet, der bliver udsendt pa kanal 67 i UHF-bandet, daekker hele
Kebenhavn.

http://ing.dk/artikel/fremtidens-hd-tv-teknologi-bliver-udsendt-i-kobenhavn-109506
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2012 | Dansk verdenspremiere pa T2 Lite

Som en af de forste i Europa tog Open Channel i 2010 hul pa naeste
generation terrestrisk digitalt tv, DVB-T2. Open Channel gik som de

farste 1 verden i luften med T2 Lite 1 2012.
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POLITIKEN SENESTE® Q. %

FORBRUG & LIV L T

FORBRUGERELEKTRONIK

NYt d an S k m O b ll TV f a r Mobil-tv ble:’ aldrig oden succes,

som nogle habede pa.

ve rd eNs premlere p a 1 P ad Billedstorrelsen egner sig ikke til

storre skarme, og er der mange

Mobil-tv i nye klaeeder nar iPad og andre tablet-computere i lobet af
somimeren.

brugere omkring en mobilmast,
hakker billedet.

Men nu er en ny teknologi pa vej,
som maske vil indtage iPads og
andre tablets i lobet af sommeren.
Og det sker i Danmark som det
forste land i verden.

Tv til 700.000 husstande

Det er den danske
forsegsvirksomhed pa antenne-tv
platformen, Open Channel, som i
en arrakke har sendt tv-signaler
ud til 700.000 husstande i
Kobenhavnsomréadet i en

2. MOBIL-TV. Dansk forsegsvirksomhed sender som de forste i verden almindelige tv-signaler i seteren, som via fOl‘SOgSViI‘kSOIllhed, som lancerer

en dongle kan ses direkte pa tablet-computere uden at brugerne skal slas om signalet, som de gor med mobil-tv i = . - o P
dag. - Foto: LARKE POSSELT (arkiv) flere 08 flere nye tel\nOIOgleI )

http://politiken.dk/forbrugogliv/digitalt/forbrugerelektronik/ ECE1568036/nyt-dansk-mobil-tv-faar-verdenspremiere-paa-ipad/
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Ingenioren
Tablet-venligt tvi eeteren i Kpbenhavn

Den kebenhavnske firma Open Channel er begyndt forsggsvis at udsende tv med DVB-T2
Lite, som er en broadcast-teknologi, der er saerligt malrettet mobile enheder.

Af Jakob Mellerhej 13. mar 2012

Den danske forsegsvirksomhed Open Channel, der eksperimenterer med digitalt tv, er i fuld
gang med at udsende tv med DVB-T2 Lite-standarden, som er saerlig velegnet til mobile
enheder som tablets og mobiltelefoner. Og om lidt begynder Open Channel ogsa at udsende
radio via DVB-T2 Lite.

DVB-T2 Lite er en neddroslet udgave af DVB-T2, som bl.a. Boxer skifter til 1. april. Det betyder,
at et T2 Lite-signal har en ovre bandbreddegraense pa 4 MBit/s i alt pr. service, hvilket skal
sammenlignes med, at en HD-kanal ved traditionel DVB-T2 kan fylde 8 Mbit/s.
Bandbreddegraensen for T2 Lite-signalet betyder, at det er szerligt velegnet til mobile enheder,
fordi enhederne skal behandle faerre inputdata i forhold til DVB-T2, forklarer direkter i Open
Channel Kenneth Wenzel.

»Enhederne bruger mindre batteri og hukommelse, fordi de skal bearbejde faerre maengder
data, « siger han.

Han fortaeller, at T2 Lite-signalet fra Open Channel bade er tiltaenkt faste tv-apparater og mobile
enheder, men at de ferste mobile enheder med Lite-chips forst vil vaere pa markedet i lobet af 6

til 12 maneder.
http://ing.dk/artikel/tablet-venligt-tv-i-aeteren-i-kobenhavn-127503
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DVB-T2 | DVB Worldwide

 DVB-T/ -T2 er blevet vedtaget eller anvendes i 150 lande.
DVB-T2 bliver brugt i 28 lande og er vedtaget | 40 lande.

' . % DVBT2

% ISDB-T

% CTTB,CMMB
% ATSC,T-DMB
T ATSC, ATSC M/H
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DVB-T2 | Forbedret robusthed

« Det kommercielle fokus pa DVB-T2 var mere kapacitet til
udsendelse af tv-kanaler i HD og derved stationaer mod-
tagelse, men DVB-T2 er ogsa designet til at fungere godt
under modtagelse med mobile og handholdte enheder.

« DVB-T inkluderer ikke "time interleaving” og er derfor fglsom
overfor impulsstaj (gnister ol) og de aendringer i radio-
udbredelsen, som opleves ved mobil modtagelse (fx pa grund
af skygger).

 DVB-T2 har understgttelse for dyb "time interleaving” og
laengere symbol periode, der tilsammen radikalt forbedrer
robusthed mod impulsstg;j.

Page 1 2



DVB-T2 | Fordele med multiple PLPs

» Mulighed for at sende til forskellige typer af
modtagere og under forskellige modtagelsesforhold
med en enkelt RF-signal, fx
—HDTV med retningsbestemte tag-antenne

— Mobile device med robust PLP

* Mulighed for at prioritere robusthed for udvalgte
"haijt prioriterede” tjenester -> prioritized services
(e.g. public service) vil "holde leengere" i darlige
modtagelsesforhold (fx beredskabstjeneste)

o Statistical multiplexing over flere PLPs er muligt ->
Dynamic scheduling PLP

 PLPs kan sendes i en bursty way -> giver mulighed
for at spare stram i mobile devices (“time slicing”)

]

PLP4 - Data service — Fixed Mode

(
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DVB-T2 | Nye mulige kanalrastere

« DVB-T2 har adderet yderligere tre mulige bandbredder i
forhold til DVB-T

DVB-T DVB-T2 Frequency bands

— 1.7 MHz samme som DAB i VHF band Ill og L-band
— 5 MHz 3x1.7 MHz i L-band

6 MHz 6 MHz fx i Colombia

7 MHz 7 MHz typisk VHF band I

8 MHz 8 MHz typisk UHF band IV/V

— 10 MHz til professionelt brug, fx link

7 MHz

1.7 MHz

5A 5B 5C 5D S9A 9B 9CSD 12A12B 12C 12D{13A 13B 13C 13D13E 13F

Ch5 Ché Ch7 Chg Ch9 Ch10 Ch11 Ch12
174 MHz 230 MHz 240 MHz
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T2 Lite | Ny profil i DVB-T2 v1.3.1

« T2 Lite er en "light-version" af DVB-T2 for at forbedre mobil
ydeevne.

« T2 Lite er primeert en delmaengde af
DVB-T2, med undtagelse af to nye
code rate 1/3 og 2/5 for robusthed.

DVB-T2
(T2 Base)

 Adskillige andre features, herunder lav
bitrate (peaking pa 4 Mbps pr. PLP) og
kort forward error correction blokke
(16k), som tilsammen medfagrer en
kraftig reduktion | modtagerens

i
strgmforbrug. T2-Lite

* Fordelen er mindre krav til CPU ydeevne og stram, hvilket gar
T2 Lite seerdeles velegnet til tablets og smartphones, som
allerede er pa markedet i dag.

Page 1 5



T2 Lite | T2-Base-Lite "profil”

* Den perfekte DVB-T2 profil for digital
radio og mobil-TV

« L1 pre-signaling "T2_BASE_LITE"

En tilstand, hvor denne bit er sat til 1’
vil derfor veere velegnet til modtagelse
af bade T2-basis-only og T2-lite-only
modtagere.

T2-Lite

* For broadcast- og DTT operatgrer betyder det, at forhindrin-
gerne for kommerciel succes med mobil broadcast fjernes, da
det med DVB-T2 Lite ikke leengere er ngdvendigt at bygge et
DTT netveerk dedikeret til mobil-tv og/eller digital radio.

Page 1 6



T2 Lite | Perfekt til mobil broadcast

c GINJONOUF INDROID V1A USB
= WATCH FREE-TO-AIR DIGITAL TV‘
LISTEN-TO DIGITAL RADID,
NO MOBILE SERVICE NEEDED
BUILT-IN'ANTENNA
DVB-T2& T2 LITE

| ey

l

- ’
DIGITAL TV & RADIC
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Baggrund:

* DVB-H blev aldrig en succes

« Meget fa DVB-H enheder pa market

* Ingen efterspgrgsel pa at se tv pa et meget lille skraem
(QVGA, 320 x 240) — og slet ikke, hvis du skal betale for det.

Page 1 8



Starre mobile skaerme | nye muligheder

* Med den stigende popularitet af iPads siden 2010 og andre
tablet & smartphones er efterspgrgslen efter lineaere tv-visning
pa "mindre" skaerme kommet.

« Udfordringen med de nye tablets er, at de har en
skeermstgrrelse pa 1080p eller 2K

« Den ngdvendige bandbredde
for unicast mobil TV kan veere
en udfordring for mobil-

operatarer - specielt ved fx |
store sportsbegivenheder.

PowerVR G6230 64-Core GPU

« Her giver T2 Lite (evt |
kombination med HEVC) en
effektiv ny platform til
broadcast SD/HD TV til mobile
device.

Page 1 9



Dobbelt kapacitet

 Med DVB-T2 og T2 Lite profil er det nu muligt at opbygge et
mobil tv og digital radio sendenet med samme kapacitet som
DVB-T pa cirka 20 Mbit/s dvs. med den dobbelte kapacitet i
forhold til en DVB-H mux.

Modtagelse Standard Kapacitet Standard Kapacitet
Stationeer DVB-T 20 - 22 Mbit/s | DVB-T2 | 37 - 40 Mbit/s
Portable / mobil | DVB-H 10 - 13 Mbit/s T2 Lite | 20 - 22 Mbit/s

 Derved kan man sende de samme tv-signaler til savel
flernsynet derhjemme som til mobile devices; DTT operatgren
behgver derfor ikke laengere at opbygge et selvsteendigt
sendenet kun til mobil TV.

 Bemaerk, at DVB-T2 og T2 Lite ikke kun er en standard til TV,
men den er ogsa yderst velegnet til at sende digitale radio, idet
radiokanalerne kan blive sendt | en selvsteendig PLP til
handholdt eller mobil modtagelse (evt. flere).

Pagez O



Device | DVB-T2 smartphone (SIANO chip)

"_,mb‘t"e | Thailand | &Nassngn | whgssu | @ E

New

Home Product Store Service Video Webboard News Promotion i-Club Investor Relation 455’ Service status

P ro d u Ct (Searcl" i-mobile

New

i-note idea ZAA Hitz i-pro i-tab Other

i-mobile

i-mobile istyle7.9 DTV S1jc0] pwes o [FIEE< 2]

K L~
4R -

Color:

General :

@ Dimension 125x63.5x8.5 mm.

@ Weightinclude battery 115 g.

w Platform : Android 4.4 Kitkat

@ External memory up to 32 GB

@ Support 2 SIM Cards

w Design Touch Screen

@ CPU : Quad-core 1.2 GHZ

» ROM: 4GB

@ RAM:512 MB

@ GPU

® 2G: 900/1800 MHz (AIS/ Dtac/ True)
® ® 3G: 850/900/2100 MHz (AIS/ Dtac/ True/3GX)

Pagez 1



Device | WIFI DVB-T2 dongle

ALL YOU NEED IS AN APP AND A DVB-T2 OR T2 LITE SIGNAL TO ENJOY DIGITAL TV & RADIO

Download and install the free App for your iPhone™, iPad™ and iPod touch™ or the software for your Mac™ from the Apple App Store™
The free Android™ App is available on the Google Play™. The Windows™ software is available on our website.

Turn on the DVB-T2 | T2 Lite Wi-Fi dongle and wait until the Wi-Fi LED displays green. After that connect via Wi-Fi with your smartphone, tablet or computer and

run the app.

Pagez 2



MRC diversity | “In car” DVB-T2 STB

« Fa DVB-T2 "in-car" settop bokse pa markedet idag. De er i
virkeligheden bare almindelige stationsere DVB-T2 STB med
12 volt indgang.

i L/\
L/\J Tuner M Democulator I Slave A
& - 1’ ’fT
Aantenna 2

Tuner b= Demodulator |"“"’

omb inng
Aantenna 1 : ‘
Tuner Demodulator Mastor T~TT.‘;‘~; ,('.
[fsatt
‘ Output

« Grunden til dette er, at de nye mobile DVB-T2 chip med MRC
(maximal-ratio combining) diversitet fgrst er blevet releaset |
2014 fra Siano (SMS4470) og | 2. kvartal 2015 (Octopus 3) fra
Parrot.
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MRC diversity | Parrot Octopus 3 chip
« perfekt for digital radio & Mobile TV
 understgtter MRC diversity

EUROPE

HDTV
Over-the-air

Multi antennas
reception

Mobile TV

And

Radio

Single antenna
reception

3ord 3ord OCtOpUS3
DVB-T2 3ord 2or3 3ord
" cTT8 (DT™B) 20r3 N
ISDB-T full-seg 3ord 20r3 Octopus2S
DVB-T 3ord 2(Taiw.)
CMMB 1
ISDB-T 1-seg/sb 1 1
T-DMB/ DAB/ DAB+ lor2 lor2
DVB-T2 Lite lor2 lor2 lor2
DRM / DRM+ lor2 for2(bc) 1lor2
HD-Radio* lor2 1 or2 (i)
o i
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MRC diversity | Radio & TV module for Head unit

A STH-3
All modules are STH-4
pin compatible 2133 TV/Radio

STH-1 TV i | 7
Radio/TV \ & |
STH-1

Entry q ' a"——- - .
_ f v
" RADIO/TV W

i_q, RADIO i TV single | [ v Mﬁcldhmhy
f moblle TV D SO/HD TV + bac nd scan
- t
( ENTRY | Digital Radio | é Digital Radio
, . NW 5Can l + background scan
AM/FM single ’ | AM/FM phase divarsity | AM/FM phase div.
(¢ background scan l * background scan ! + background scan
uPnP UPAP / DLNA controlled - integrated Service management uPnP

AMFM DBIF D3EH (20 BAR ISDB-T ¢éume DTMB ats ¢

N =
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HEVC aka H.265 | Ny video codec

PROGRESS TOWARDS HIGH EFFICIENCY VIDEO CODING

720p bitrate 1080p bitrate
(Mbit/s) (Mbit/s)

lllustration of Bitrate
Trends in Practice

MPEG-2

1995 2000 2005 2010 2015 2020 2025 2030
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HEVC aka H.265 | Average bitrate savings

Average BD-rate savings of HEVC, with comparable quality as AVC

S9% bit rate savings
N — > % HEVC
_ e ——————
48% “AVC

' ‘.‘ 52% bit rate savirgs
SD

—

All resolutions

S6% Dit rate { nings

720p o

62% bl rate savings

G4% bit rate savings

———— S ——— ! >
—“

Ultra HD

0 4 5 10 15 20
Bit rate (Mbps)

« HEVC ggr det muligt at broadcast mobil TV op til fuld HDTV
oplasning (1080p < 4 Mbit/s) med T2 Lite standard.
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Case ltaly | DVB-T2 & HEVC STB

« Mandatory fra 1. januar 2015 (men er netop blevet postponed)

)
ﬂ@ DGTVi position on T2 introduction

After approval in April 2012 of new Italian law n.44/2012 which, amongst other
things, mandates DVB-T2 support in receivers introduced in Italy from
1/1/2015, DGTVi has taken the following decisions:
Mandatory support of T2 for Silver/Golden Label receivers is aligned with above law’s
timing, i.e. delayed until 2015

2 new labels, tentatively named "Silver T2" and "Golden T2, will be introduced for
receivers, likely to come to the market already in 2014, with T2 front-end and HEVC
decoding capabilities up to 1080p50
Until 2015 compliance of T2 implementations with T2 profile specified in HD-Book DTT
2.1 will be checked by DGTVi labs only in "Silver T2" and "Golden T2" receivers
A new 3.0 version of HD-Book DTT including also HEVC requirements and profiling for
"Silver T2" and "Golden T2" labels is planned to be released during 2013.
These decisions have already been communicated to ANITEC (the Italian
Association of CE manufacturers) and published on DGTVi web site at the end of
July 2012.

Pagez 8



Case: Germany | Udbud af national DTT mux

 Det tyske radio- TV-naevn har netop lavet et udbud om at drive
et landsdaekkende DTT mux | DVB-T2 | HEVC standard for
kommercielle tv-kanaler.

* Tenderen Igber fra 1 december 2014 indtil 30 januar 2015.

4K ERILD)

* Naevnet gnsker at
traeffe en beslutning
om fordelingen af
kapaciteten | marts
2015. Tilladelsen
udstedes for en
periode pa 10 ar og
kan forleenges med
yderligere 10 ar.
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MUXKBH-2
» UHF channel 39 (618 MHz | 8 MHz BW)

« Antenna site BOA:
- TDC radiokaede tarn pa Ngrrebro
- Antennehgjde 104 m o havet, elevation 7 m
- Lodret polisation
- Sendeeffekt: 2 kW ERP rundstralende

 DVB-T2 v1.3.1: T2-Base-Lite profil

« 8K | GI1/8 | PP3 |5 PLP

PLP4: QPSK rotated | CR Y2 (digital radio) B |\
PLP1: 16QAM rotated | CR % (TV prioritized serv.) &
PLPO: 64QAM rotated | CR % (TV) 1
PLP2: 64QAM rotated | CR Y2 (TV)

PLP3: 64QAM rotated | CR Y2 (TV)
Corresponding max. direct TX distance: 33.6 km




MUXKBH-2 | PLP4 (digital radio)

- Receiver - PLP Selection - (@ MER-Subcarrier () Transfer Function

Frequency: 618,000 < |MHz Adapter|L:DTA-2131 - e #pips [ 5 |
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MUXKBH-2 | PLP4 (digital radio): Hastighed
« Den rute vi karte - farven viser hastigheden (rad 130 km/h)
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MUXKBH-2 | PLP4 (digital radio): Niveau
 Udover hastigheden vises ogsa signalstyrken (sma pletter)
som pa denne tur er OK undtagen | tunnelen under Tarnby
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MUXKBH-2 | PLP4 (digital radio): BER & Sync

* De store pletter er fejlnyppigheden, mellemste er hastigheden,
og de sma er PLP sync. (Uden PLP sync - ingen dekodning)

Klampenborg

% Broadcast Drive Test \ ‘Bags{\@g_’\c

Kongens Lyngby.
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MUXKBH-2 | PLP4 (digital radio): BER & MER

* De store pletter er fejlhyppigheden, mellemste er hastigheden,

og de sma er nu PLP MER
% Broadcast Drive Test >E<agsvaerd Ty SO

| H’ ‘ Kongens Lyngby

2014-11-16 14-30-00 muxcph-2_uhf-39_01.dtr
Worst: BER before BCH [10-6]
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MUXKBH-2 | PLP1 (prioriteret service | TV)

- Receiver

Frequency: | 618,000 3: MHz

Adapter | 1: DTA-2131

Bandwidth: MHz Pre-LDPC BER:
RF Level: Bm

Post LDPC FER:

- PLP Selection

#PLPs:

- Lock Status

#Relocks: -
P Locked

L1 Pre:

L1 Post:

~General Parameters

FFTMode: | 8k |
Guard Interval:

L1 Modulation:

Pilat Pattem.'

:

MISO:

[ ke
=

C/N:
ik

[ Resi

[] Force T2 Lite decoding

#CRC Errors:

#CRC Errors:

FEF: T2 Version: | 134

BiWWext: Yes

Metwork ID: | 13051

T2 System ID: i

T2 Profile: Base
T2 Base Lite: Yas
L1 Scrambling:

Cell ID:

~ PLP Parameters

Modulation: | 16QAM
Code Rate: 1/2
FEC Type: 16K
Time IL Type:

Tirme IL Length:

Group ID: E]
In-Band flag:

Frame Interval:

Rotated: Yes

- @ MER-Subcarrier ) Transfer Function

0 2000 4000 e000

~#LDPC [terations
Min:

Avg:

Last Second: | 9,00

oo |

Last Minute:| 0,00

oo ||

~#Blocks per T2 Frame

Min:

Last Secclrd.'[ 52 ] [

52

Last Min ute.'[ 52 ] [

52

~ Frame Structure

#Frames: #Data Symbaols:

2IX(RE

DVB-T2 Receiver
Deklcc

www.dektec.com

Version 1.8.0 Build 25
8 2009-2014
All rights rezerved

-[#] TsoverIP [C] T2-MI overIP

udpsff 127.0.01

-Impulse Response

-3 -4 Q 4
Tusl

-#LDPC Iterations History
— Max

- Avg

10:30 11:30 12:00

- Constellation [C] PerSubcarrTerl. 13: _

(=
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MUXKBH-2 | PLPO, PLP2 & PLP3 (TV)

- Receiver - PLP Selection - @) MER-Subcarrier () Transfer Function
Frequerc:,wlﬁ]ﬂ,ﬂﬂﬂa. MHz Adapter| L: DTA-2131 - PLE: #PLPs: :

40—
Bandwictn:[ 8 w|MHz  Pre-LDPCBER: | A et s n

RF Level:| -482 |dBm Post-LDPC FER:| 0,0E+000 ~ PLP Parameters 30—
o B Type: Growpm:[ @ | 4
: Madulation.’ In-Band flag.' E 2{'__5
Code Rate: Frame Interval: :
[ Force T2 Lite decoding HEM: g-|----|--'-|----|'---|''--u---'|----|

£CRC Errors: Time IL Length: Rotated: o 2000 4000 000

a . -Impulse Response
#(CRC Errors: - #_DPC Iterations

- Lock Status
sRelocks:[ 1| [ Reset :

Time IL Type:

Min: Avg:

~General Parameters

FFT Mode: - FEF: T2 Version: Last Second: [ 0,00 0,00 l [
Guard :mewakm Bwext: [ Yes = F'rc:-ﬂe.' Last Mmuter[ 0,00 0,00 l [
s

L1 Modulation:|  BPSK Metwork ID:| 13051 T2 Base Ll'te.' ~ #Blocks per T2 Frame
Pilot Pattern: | pp2 T2 SystemID:| 7 L1 Scrambiing: Min:

PAPR: Cell ID: LastSecond:[ 52 | 52

MISO: SIS0 Last Minuter[ 52 ] [ 52

B 4

NS — ~[#] TSover1P [C] T2-MIover IP

*‘Frames.' #Data Symbols: | 237 udp:/| 127.0.01 - Constellation

[

- #LDPC Iterations History

2IX(RE —

DVB-T2 Receiver
et C K | C C

All rights reserved www.dektec.com
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Sverige | September 2009

=wmery | SVErigesadio Q sek

Mitt i musiken
Kulturministern: Radio kan sandas i digital-TV-natet

R

Publicerat tisdag 28 september 2008 ki 14:20

Det behovs inget separat sandarnét med DAB+ for svensk digitalradio.
Det gar utmirkt att sinda radio via det digitala TV-nét som redan nar
99,8 procent av befolkningen. Under Radiodagen nyligen dppnade
kulturministern for digitalradio just via TV-nétet. - Nar n dtet blir
uppgraderat kommer det att ha plats fiér savil TV som bade vanlig
radio och t ex radickonserter i multikanalsformat. Det berattar Jan-Olov
Gurinder, distributionschef pa SVT.

- Det ar val framforallt det kv alificerade musikutbudet det har skulle gynna.

Ja, det behivws inget separat sandarnat for digitalradio av t ex typen DAB+ som Sveriges
Radio hittils dnskat sig. Det nuvarande marksanda TV-natet heter DVE-T och ar en
svensk uppfinning som snart ska uppgraderas till version T2. Det ger upp till 80% mer
utrymme for bade higklassig HDTV, vanlig radio och radio med surroundljud for konserter,
teater cch dvrigt utbud.

Lars Mossberg pa Sr:s utvecklingsavdelning tror att radio via TV-natet kan bli sa bra att
dagens FM-sandningar kommer att do ut av sig sjalva. Och 3WT:s Jan Olof Gurinder ar
kritisk mot att inte T2 annu utvarderats for radic:

- Vill radion vara med pa TV-taget sa gar det nu, sager 3VT:s distributionschef. Det skulle
paverka inte minst hur man bygger upp sandarnatet. 5a det finns ett beslutsfonster nu
under en tid for att vilia hir sparet kanske istillet for att ga vidare pa DAB+sparet.
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Digital radio | DTT nettet (UHF 8 MHz)

Europa: .
Antal nationale DVB-T radioer:

* Belgien 6 radioer
* Finland 3 radioer
* Irland O radioer
e |talien 34 radioer
* Holland 28 radioer
* Norge 5 radioer
* Polen 12 radioer
e Spanien 24 radioer

e Storbritanien 26 radioer
+ Nordirland 1 T2 radio
« Kgbenhavn X radioer



Case Storbritanien | Freeview

UK Freeview | 24 nationale + 9 regional DVB-T radio
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Case Israel | On Air with 16 DVB-T radio
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Case New Zealand | Freeview HD | T2 radio
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Case Indien | T2 Lite for Mobile TV & radio

DV-T2 DELHI 6Won 1, 2, 3, 5 indoor reception

I— “ Ve U Y V. U, e A T

|! = & 3_Base_portable indoor - Delhi
‘ L 070-090 256QAM
[1090-095 CR 213
. 095-1
= @ 2_Base_portable indoor -Delhi
[ 1070-090
iR seaam
: L 085-1
|'! = B 1_Base_portable indoor - Delhi
o os GPSK
—0%-00s CR12
moss-1
I 3 & S_Lite_1 3 Portable indoor - Delfhi
‘ []070-090
1090-095 QPSK
T CR13

No. of TV Channels - 01:
‘ 001 DD National

No. of Radio Channels - 03:
001 Air Gujrati )




Indien | T2 Lite radio
TF-T2R pzin

Digital Terrestrial & FM Radio Receiver

DVB-T/T2 Digital Radio service
FM Radio

TOPFIELD TOPFIELD
D31 “welcome”
Easy autoscan
Favorite service list editing

Service info display

Li-Polymer rechargeable battery
Auxiliary Input

Terrestrial Radio 20 Stafion Presets
FM Radio 20 Station Presets
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T2 Lite vs DAB+

Ingenioren
Digital radio star foran sveert teknologivalg
- det kendte eller det bedste

Styrelsen for Biblioteker og Medier opridser i en ny rapport en lang raskke problemstillinger
og svaere valg, som skal treeffes, i forbindelse med en strategi for fremtidens
radiosendenet. Rapporten er nu sendt i haring.

Af Jens Ramskov 7. jul 2011

Skal man satse pa det sikre og kendte, eller skal man vaelge den bedste teknologiske lesning
Det er et af de spergsmal, som skal afklares for fremtidens digitale radiosendenet.

Det kendte og sikre er i denne forbindelse DAB+ - en videreudvikling af DAB, som fordobler
antallet af kanaler. DAB+ er allerede implementeret i nyere digitale modtagere og vil bl.a. bliv
indfert i Tyskland fra 1. august 2011.

Det teknoloqgisk overlegne valg er DVB-T2A, som er lydstandarden (A for audio) i DVB-T2 til udsendelse af
til udsendelse af digitalt antenne-tv. (DVB-T2A hedder idag T2 Lite)

http://ing.dk/artikel/digital-radio-star-foran-svaert-teknologivalg-det-kendte-eller-det-bedste-120610
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DAB+ | Lande med permanent radio service
 Efter 20 ar er der kun 20 lande som sender radio med DAB/DAB+

TOTAL DAB/DAB+ NETWORK COVERAGE (% OF POPULATION) 2008 VS 2013

AR XXER

Australia Denmark France Germany Itely Metharands Merway Switzarland
2013 | 63% 98% =20% 91% 65% 95% 89% 99% 94%
2008 | 15% =20% 65% 70% 80% 20% 85%

DAB/DAB+ HOUSEHOLD PENETRATION YEARS 2011 - 2013

e - _ -[ l‘ -

Awstralia Denmark France Germany Italy Metherlands Marway Switzerland
2013 | 15% 37% 0% 2% 0% 0% 43% 39% 46%
2012 | 11% 35% 0% 1% 0% 0% 33% 28% 42%
201 | 8% 0% 0% 0% 0% 25% 20% 39%
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DAB+ | Transmission Modes

¢ Mode T |  Mode 2 Mode 3 Mode 4
bandwidth DAB frequency block 1.536 MHz 1.536 MHz 1.536 MHz 1.536 MHz
number of carriers in frequency block 1536 384 192 768
carrier spacing 1 kHz 4 kHz 8 kHz 2 kKHz
data rate (incl. overhead) 2.4 Mbit/s 2.4 Mbit/s 2.4 Mbit/s 2.4 Mbit/s
duration of total OFDM symbol T 1250 ps 312.5 pus 156.25 ps 625 ps
duration information symbol T, 1000 ps 250 ps 125 ps 500 ps
duration of guard interval T 250 us 62.5 us 31.25 us 125 ps
duration of frame 96 ms 24 ms 24 ms 48 ms
symbols per frame 76 76 153 76
symbol frequency (1/Tgs) 800 Hz 3.2 kHz 6.4 kHz 1.6 kHz
bit / symbol 3072 768 384 1536
proposed frequency range < 375 MHz <1.5GHz <3 GHz < 750 MHz
transmitter distance in SFN 73 km 18.8 km 9.4 km 48 km

< VHE®  L-band satellite
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DAB+ | Parameter

 D-QPSK | Gl 1/4 (246 us) | CR 1/2
Corresponding max. direct TX distance (SFN): 73.8 km

Urban (TU12) Netto | C/N Rayleigh | Audio | Audio codec | Number
channel model Mbit/s (dB) Kbit/s of radio
DAB+ Mode 1, PL 3A* | 1,056 11,8 64 HE AACV2 ~ 16
DAB Mode 1,PL3 |1,152 13,5 ** 192 | Mpegl Layerll| ~ 6

Results from simulations and laboratory measurements are given, together with
values for the noise figure of DAB receivers.

* Source: EBU BPN 101, May 2012, Report on Frequency and Network Planning
Parameters related to DAB+. Pages 6 a Gaussian type channel was assumed for
fixed reception, whereas for mobile and portable reception a Rayleigh channel
(profile TU12 at 25 km/h and 178 MHz) was assumed

** Source: EBU Tech3317 July 2007 p13 & 33: Measurements of the required C/N
for T-DAB have been made at the IRT (Institut fir Rundfunktechnik) for both
mobile and portable reception using a Typical Urban (TU12) channel model. The
required C/N for mobile reception was measured to be 13.5 dB.
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DAB+ | Case Kgbenhavn

- VHF kanal 9D (208,064 MHz | 1.7 MHz BW)

« Antenne site BOA:
- TDC TDC radiokeede tarn pa Ngrrebro
- Antennehgjde 100 m o havet, elevation 7 m
- Lodret polisation
- Sendeeffekt: 520 W ERP; Dipol antenne

« DAB+ Mode 1, PL 3A
- C/N Rayleigh 11,8 dB
- Netto bitrate 1,056 Mbit/s
- Space ~ 16 radioer
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MUXCPH-3 | VHF kanal 9D
Coverage probability
[Jo70-090
[Jos90-095

I 095-1
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" | MUXCPH-3 | VHF kanal 9D
Coverage probability

[ ]o70-0.90

[ ]ogo-099

B 099 -1

1« 570052
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>
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Sammenligning | T2 Lite vs DAB+

T2 Lite | Samme kapacitet som DAB+ ~ 16 radioer
 Far du 6 gange bedre sendestyrken med et betydeligt starre
deekningsomrade eller

* Eller med den same udstralingsdiagram som DAB+, kan
sendestyrken med T2 Lite blive reduceret 6 gange med en
tilsvarende reduktion af transmissions omkostninger.

T2 Lite | Samme udstralingsdiagram som DAB+
 Far du 3 gange mere kapacitet ~ 48 radioer.

T2 Lite | Andre muligheder, fx
* Dobbelt kapacitet ~ 36 radioer & 2 gange bedre sendestyrke |

forhold til DAB+ med en tilsvarende reduktion af transmissions
omkostninger.
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T2 Lite | Samme kapacitet som DAB+

 FFT size = 8K ext | GI 1/16 (277.5 ps) | QPSK
« Med T2 Lite far du 6 gange bedre sendestyrken (11,8 - 4,1 ~
7,7 dB) med et betydeligt starre deekningsomrade.

Corresponding receiver's speed limits w/ PP4 at 200 MHz: 286 km/h
Corresponding max. direct TX distance (SFN): 83.2 km (DAB: 73.8 km)

PP4 Netto bitrate (Mbit/s) | C/N Gauss** (db) | C/N Rayleigh** (dB)
LDCP 64K 16K 64K 16K 64K 16K
CR 1/3 0,840 NA 2,2
CR 2/5 1,016 NA 3,1
CR 1/2 1,336 1,167 3,1 2,8 4,1 4,1
CR 3/5 1,606 1,590 4,4 4,6 5,7 6,2
CR 2/3 1,787 1,772 5,2 5,5 7,0 7,4
CR 3/4 2,010 1,953 6,2 6,4 8,3 8,7
CR 4/5 2,145 2,074 6,8 7,0 9,2 9,5
CR 5/6 2,236 2,195 7,3 7,6 10,0 10,4

Marked with pink = only T2 Lite | blue = T2-Base & T2-Lite = T2-Base-Lite profile | ** EBU Tech 3348 v4.1
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MUXCPH-3 | VHF kanal 9D
Coverage probability
[Jo70-090
[Jos90-095

| 095-1 DAB+
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o

T2 Lite with same capacity as DAB+ | Portable outdoor reception  muxcehs| vhF kanal oo

Coverage probability
[\ . ‘ﬁaé-

X

[Jo.70-0.90

[ ]o90-099

I 099-1 DAB+
[Jo7-09
[Jo9-099

B 099-1 T2 Lite

T2 lite comp (DVE-T2 Portable outdoor, Ca
Caliculation date: 2074-11-30 12:16:44

Ousdocr standard deviaton (B): 5.5
Field strength correlation: 0
CALCULATION

Method: Log-normal

Max number of intedecers: 3
Consider receiver overioad: False
Raster typa: Covarage probabiity
Mirsmurn field strongth (dBuVim)
Emin: 22.7

Emed at 1.5m, 05 % of locations: 31 .8
Emed at 10 m, 85 % of locations: 43 8

1« 570152
: ; : ! L ] @ PROGIRA  INPUTFS FOR WANTED TX

30 15 0 30 Kiometers Borups Alle - BOE (50% 1.5m)
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T2 Lite | Samme udstralingsdiagram som DAB+

 FFT size = 8K ext | GI 1/16 (277.5 ps) | 16QAM
« Med T2 Lite far du 3 gange mere kapacitet ~ 48 radioer

Corresponding receiver's speed limits w/ PP4 at 200 MHz: 286 km/h
Corresponding max. direct TX distance (SFN): 83.2 km (DAB: 73.8 km)

PP4 Netto bitrate (Mbit/s) | C/N Gauss** (db) | C/N Rayleigh** (dB)
LDCP 64K 16K 64K 16K 64K 16K
CR 1/3 1,690 NA 7,3
CR 2/5 2,044 NA 8,2
CR % 2,697 2,349 8,1 7,6 9,6 9,0
CR 3/5 3,241 3,201 9,7 10,0 11,4 11,7
CR 2/3 3,606 3,566 11,0 11,2 12,9 13,2
CR % 4,057 3,931 12,1 12,4 14,5 14,9
CR 4/5 4,329 4,174 12,9 13,2 15,8 16,1
CR 5/6 4,513 4,417 13,5 13,8 16,7 17,2

Marked with pink = only T2 Lite | blue = T2-Base & T2-Lite = T2-Base-Lite profile | ** EBU Tech 3348 v4.1
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T2 Lite | Andre muligheder, fx.

 FFT size = 16K ext | Gl 1/32 (277.5 us) | 16QAM
* Dobbelt kapacitet ~ 36 radioer & 2 gange bedre sendestyrke
(11,8 - 8,5 ~3,3 dB) i forhold til DAB+.

Corresponding receiver's speed limits w/ PP6 at 200 MHz: 147 km/h
Corresponding max. direct TX distance (SFN): 83.2 km (DAB: 73.8 km)

PP6 Netto bitrate (Mbit/s) | C/N Gauss** (db) | C/N Rayleigh** (dB)
LDCP 64K 16K 64K 16K 64K 16K
CR 1/3 1.824 NA 6,8
CR 2/5 2.207 NA 7,7
CR % 2,861 2,484 7,6 7,1 9,1 8,5
CR 3/5 3,438 3,384 9,2 9,5 10,9 11,2
CR 2/3 3,826 3,770 10,5 10,7 12,4 12,7
CR % 4,304 4,156 11,6 11,9 14,0 14,4
CR 4/5 4,592 4,413 12,4 12,7 15,3 15,6
CR 5/6 4,788 4,670 13,0 13,3 16,2 16,7

Marked with pink = only T2 Lite | blue = T2-Base & T2-Lite = T2-Base-Lite profile | ** EBU Tech 3348 v4.1

Page 5 7



1,7

MHz | Silicon tuner

Mange fabrikanter har | en periode fortsat med at bruge
foreeldede "DVB-T1" silicon-tunere som kun understgtter 6, 7
og 8 MHz.

Men dette er ikke laengere et problem, da flere og flere silicon
tunere nu understgtter 1.7 MHz kanal raster:

-Sony Semiconductor CXD2861, CXD2871

-NXP NDA18271, -272, -273, -274 & -275 Al , e

-Broadcom BCM3461 NIM & BCM7563 SoC > o ¥ \ [

-Silicon Labs Si21x8 & Si21x7 AL v 2
‘e o /

-Rafael Microelectronics R828S S>>

1,7 MHz kanal raster | VHF band Il er fx recommended for det
Irish Digital Terrestrial Television IRD (Saorview)
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1,7 MHz IDTV | B&O BeoVision Avant TV

« Understgtter nu 1,7 MHz kanal raster i VHF band Il

|

Introducing

BeoVision Avant

Turning to you

&. Now available in 55” and 85"
. s Use the arrows to explore
- — . . -

T he———

—
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1,7 MHz STB | Trimax DVB-T2 FTA for UK

 understgtter 1,7 MHz kanal raster i VHF band Il

Signal Information

oD
B i -
/  208.064 MHz

;'v 'dulat on DVB-T2

————
, 18%

FQuality T N 100
S MENU

TR2000-0TT

DOLBY
E=2RHD poma B2y
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MUXKBH-3 | VHF kanal 9D

« 208,064 MHz | 1.7 MHz BW
« Antenne site BOA:
- TDC radiokaede tarn pa Ngrrebro
- Antennehgjde 100 m o havet, elevation 7 m
- Lodret polisation
- Sendeeffekt: 520 W ERP; Dipol antenne

 DVB-T2 v1.3.1: T2-Base-Lite profil

« 16K Ext | GI 1/32 | PP6 | SISO

 PLPO: QPSK rotated | CR 1/2 | LDPC 16K
- C/N Rayleigh 3,6 dB
- Netto bitrate 1,230 Mbit/s
- Space ~ 17 radioer
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MUXKBH-3

~ Receiver

Frequerqwlmmm
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RF Level: Bm
T

-
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~ Lock Status

#Relocks:
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~ General Parameters
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L1 Modulation: [ BPSK |

Pilot Pattern:
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MISO:| SIS0

T2 System ID:

[ Reset
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#CRC Errors:
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FEF: T2 Versian:
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L1 Scrambling:

Cell ID: 19

~ Frame Structure

#Frames: #Data Symbols:

2XpEnt
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Case South Africa | Community TV

« DVB-T2 | 1,7 MHz BW | L-band T-DAB frequency
* On Air 31th October 2013

* The Westbury Community Development Centre,
STARWAVES, ICASA and FRESH TV to launch the World’s
First self-operated Digital Community Television Transmission
with DVT-T2 | 1.7 MHz in the L-Band.

 This project, issued by the Independent Communication
Authority of South Africa, (ICASA) initially demonstrated that
DVB-T2 digital community television programs can be
broadcasted in the L-Band and modest extensions to digital
television receivers allow for receiving those community
channels.
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Case Thailand | Digital radio roadmap

Plan A | Plan B
Standard DAB+ DAB+
C/N Rayleigh 11,8dB | 11,8 dB
Capacity kbit/s 1.056 1.056
# radio pr mux 16 16
Schedule Trial '15
" |Population 10+1 city| 95%
coverage
# national mux 3 4

# national radio 48 04

# local mux (39) | None 4
# radio pr. areas| None 64

# local radio None 2.496

Den thailandske digitale radio kgreplan
bestar af plan A pa kort sigt og plan B pa
lang sigt. Plan A er en forsggsperiode pa et
ar, som er planlagt til at starte primo 2015.

Page64‘



Case Thailand | DAB+ vs T2 Lite

Plan A | Plan B |DVB-T2

Standard DAB+ | DAB+ | T2 Lite
C/N Rayleigh 11,8dB | 11,8dB[11,7 dB
Capacity kbit/s 1.056 1.056 | 3.201
# radio pr mux 16 16 48
Schedule Trial ‘15

~ |Population 10+1 city| 95% 95%
coverage
# national mux 3 4 4
# national radio 48 64 192
# local mux (39) | None 4 4
# radio pr areas | None 64 192
# local radio None 2.496 | 7.488

Det vil veere oplagt at gennemfgre et T2 Lite
forsgg sidenlgbende med DAB+ forsgget for
at sammenligne og tilvejebringe den bedst
egnede teknologi platform for digital radio.
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Event | BES Expo 2015

Broadcast Engineering Society (India) is organizing its 21st
International Conference cum Exhibition on Terrestrial & Satellite
broadcasting. India, New Delhi: 15" to 17" January 2015.

1000 -1230 Hrs Inauguration

1400 -1600 Hrs -Tutorial on DVB T2 lite
-FM Channel combiner technigues

- New era of compression - High efficiency video coding

Session 1: Social Media and Broadcasting- Thou are great

0930 to 1100 hrs -Therise of social media and second screen technology
-Where doesbroadcast fit in an IP centric world?
- Broadcast meet broadband

- Bandwidth issues /Rights management
Session 2: Resurgence of Terrestrial

1130 to 1300 hrs - DVB T2/T2 lite Experience and expectations
- Radio on a comeback trail

- Receiving devices/antenna
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Event | ABU Digital Broadcast Symposium

Workshop on DVB-T2: Technologies and Implementations
Malaysia, Kuala Lumpur: 2" March 2015

15

Time Topic

09:00 - 10:30 | Opening Remarks
Latest development and future road map of DTT (Including HEVC)
DTT deployment status

10:30 - 11:00 | Coffee Break

11:00 - 12:30 | DVB-T2 system capabilities including EWB
Challenges in DVB-T2 investments (or: The Business case of DVB-T2)
DVB-T2 Lite for Mobile and Radio

12:30 - 14:00 | Lunch Break

14:00 - 15:30 | Network Planning1
Receive Technology (5TB, Chip sets)
Receive Technology (Interoperability)

15:30 - 16:00 | Coffee Break

16:00 - 17:00 | Interactivity
Conditional Access

17:00 - 17:40 | Closing remarks and question from the audience
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Event | DVB World 2015

DVB World is the biggest annual gathering dedicated to DVB
standards, services and technology. Attracting around 200
delegates from around the world, it offers an unequalled opportunity
to hear about the latest developments, with an emphasis on useful
Information and informed analysis rather than commercial pitches.
Denmark, Copenhagen | 23" to 25" March 2015

Day 2 - Tuesday March 24
09:00 - 12:30 - DVB in the Air - Chaired by Nick Wells (Chair DVE TM)

Introduction to the DVE Process, Phil Laven (Chair DVE)

DVB-52X Deployment, Thomas Wrede (SES)

DVE-TZ and T2-Lite Chips, Steve Beck (Sony)

DVE-TZ and T2-Lite Trials in Denmark, Kenneth Wenzel (Open Channel)
ATSC 3.0 - DTT in the USA. Mark Richer (ATSC)

5G for Mobile Video

WRC15 and the Future of TV Spectrum (EBEU)
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Mere info | DVB-T2 group at LinkedIN

*{;96 i [
= N £ B

Profile Connections Interests Business Services Try Premium for free

m‘ DVB-T2 2,339 members Member i led

Created: July 24, 2008
Type: Professional Group

Members:

3l

Discussions Promotions Jobs Members Search Managen

0 LISTEN TO DIGITAL RADIO
WATCHDIGITALTY =, Top Contributors in this Group

DUB-T2ET2LTE |\ ’
’ ¥

Kenneth Wenzel
CEO at Open Channel ApS | U-Media ApS

See all members *

www.linkedin.com/groups/DVBT2-151468
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About | Kenneth Wenzel

CEO and Founder, U-Media ApS, Denmark, since 1997.

Director of the U-Media subsidiary, Open Channel based in Copenhagen,
since 2006 where he and his team started DTT trials, followed by the DVB-T2
standard in 2010 as one of the first in Europe.

In 2012, as the first in the world - Kenneth Wenzel and team, launched tests
airing the next generation of mobile TV on UHF and digital radio on a so-
called T-DAB frequency, based on the new standard DVB-T2 Lite profile.

Kenneth Wenzel holds a M. Sc. from The Technical University of Denmark
(DTU).

He is a member of The Danish Business Authority Spectrum Forum, The
Danish Consumer Electronics Associations technical ERFA-group as well as
editor/manager of the DVB-T2 group at LinkedIn.

He is an innovator and entrepreneur in the digital TV & radio space, working
with new technologies, testing developing and at the forefront of DVB-T, DVB-
T2, T2 Lite developments and other new media technical platforms.
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