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nseenemeinsimimaiuivlussuuAtneadmiulsemalve Tdunsgu DVB-
T2 figlusudinanglsy Sangnssunisiiugua DVB (DVB Steering Board Committee) ¥
wihdifvuafiernawavilevevedasins mstszany dadduanudify wazn1susms
voslasins  swiseyiAdermunamzues DVB  uaziauslvmhonusasguainad
Rendenhtennasminmsussauluimuniduinasgiusuiu dmiuldlunauissmaandn

dwiuuin1s Ultra High Definition Aaugnssumsiiugua DVB laeud@imlanis
20N2INAUINNT UHD 11 3 wla loiun

UHD Phase 1 lasuniseusdilunisuszyuvesnnenssunisiiugua DVB adsd 77

WU 2014 vihlgliusmsdlemiianudululalunislivinisienmiifianuasiBen

' '
= ! =

1NN HDTV 1080p S9dW1 18R NusHEada 60 wlsusedundl AnuANTARTUAINNISLTY
runudasefinwaily 10 On WslWd HEVC Main 10 Level 5.1 fidadenvanvangdmsy

\ey UHD #llanuagidenasan 2160p

A 1 w@n1seene1niA UHD lay DVB Steering Board Committee

Phase 3 4320p100/120*

Blt degth: L0kt 2kt 14 o
Calor Spare’ o, 220
D=ramic Rangs:

2160p100/120*
1080p100/120° (base layer)

Phase 2

=) &b lits; ves
Toding HEVC Mam G

Hit deplby J0SR A2 bk
Colar Spece. A7, 2020

Cynam ic B angs HLE
Subsampling $22.04 =284

Ph 1 21 6[] 50,‘60 A bepond 5 1 oropect baced’
ase Suzlstilily. Yes

[specified by P Coding HEVC Makb 16
VB, Zan. " 14)

Bil deplh: fohi
ColorSpace Roee. 709, opdiosst HT.2000
CyriamicR aroz. SOR

q 5 Subzampling & 20
|_| 2020+ mum;.i:;:g”?l&mﬂlw
Coding: HEVD Mam 10
201773018
E‘ Production
fributic
O oeors peie

ke TSP dandand 15
currently under revison Lo glsu
includzthe 12001 COT and 1 00fos,

credit: https://www.live-production.tv/news/dk-8k-arising/new-standard-guarantees-interoperability-broadcasters-ce-manufacturers.html
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Sy wazibigunsnmnszatedewazindngunsaldidnnsednddmsuduilan awnsn
Javuandarinazuinig nioufugaandifuduniefinUszaunisainisiuvy Aseuag
peAusEnaUAe lunsuSuussaunndygraninuazidesdmniuusnsunsnminsviad
57184 High Dynamic Range (HDR) FaufiusnsdIumeunTIas (Contrast Ratio) DE1MNLaY
Vinlkamdl Uszne' anna logdu DVB 893U Hybrid Log Gamma (HLG) Ua¢ Perceptual
Quantizer (PQ) 4ON9INH High Frame Rate (HFR) figandn 50/60 Hz lutlagiiu vilnm
fnquadeulmilauaudadedu ludruvendes DVB 14iAiulas1919909 Next Generation
Audio (NGA) a1aafisesiuidssvesingrioatn auaudilmimaidannsaldsmiunis
ponaMAlnsAiTsAmALTALLY HD wag UMD

UHD Phase 3 lafunmseys@liuiudssdammualunisiiaueiuaiunsalunises

U3n1san 8K UHD Tud 2021

M3 1 Jermunsukuukassasdayaiann lag DVB Steering Board Committee

UHD-1 Phase 1 UHD-1 Phase 2 UHD-2
Popular aK aK 8K
Resolution 3840 x 2 160 3840 x 2 160 7 680 x 4 320
Scan Progressive Progressive Progressive
Max Frame Rate 50/60 fps 100/120 fps 100/120 fps
Bit Depth 10 10, [12] 10, 12, 14
Color Space [TU-T BT.709 ITU-T BT.2020 [TU-T BT.2020

[ITU-T BT.2020]
Dynamic Range SDR HDR SDR/HDR
Chroma Subsampling 4:2:0 4:2:0, [4:2:2, 4:4:4] | 4:2:0, [4:2:2, 4:4:4]
Audio 5.1 beyond 5.1 or beyond 5.1

objective based objective based

Video Coding HEVC main 10 HEVC main 10 HEVC main 10

e [x] naien

N51AA0ININTA Ultra High Definition Television (UHDTV) uulasstiy Digital
Terrestrial Television (DTT) suu DVB-T2 lusauszine unaaediud 2014 Juguun Tne
Useinafifinisiuavesdyaia 8 MHz Liun UssimanSaaa sy adeu ansivenndng

waz Bnsu lneamzegeBslunisuvslunnusalant 2014 Msemaus@a taed 3 1nuN13

o a

AUNIAINTTU &.a.N.



wiedu 790Tuly Epic Maracana Stadium lasuniswdnuasineunslugluuy 4K UHDTV

Ineworignasiulasiieanifisnsazlviuesiuinilanegadunianms

UszmanTaiag

Guvanowaudl A 2014 TneiingUszasdiiofiagldunanviefuluneassdmiu
msdsdyanailnsiimianunudagsds (UHDTV) anvelewla (Eiffel Tower) fednsdoya
40215 Mbps lnefiithmneiiensaeumneluladlnifiieontos loud asdasia High
Efficiency Video Coding (HEVC) @0dlUslWd Ultra High Definition (UHD), nseanenia
DVB-T2 wagn1svhausaufuduedessulnsim swdwhanudladygwmameiaiduly
iluusuniluazansauinisiiiendes

iielilsmgnagsgaluszminensvaass UHD DVB-T2 sadmdnd azgndsannvele
wia (n9U15a) auluslld Multi-frequency Network (MFN) sive Guard Interval (GI) #infiu
1/128 awnsndudyyis DVB-T2 Safwndnd deslaflsluiufinseunauniseanoinie
Tnsviminmefiuauluszuuianea (Digital Terrestrial Television Broadcasting: DTTB) Fal
TediUszanas 25 Alans NUEIE9INIANIATTIULUULIA uaziadessulnsimifnnuaiesiy
feuey1es DVB-T2 7i53Uidn HEVC fndsl3dmsunensitalusunsy UHD

W oIUIITUUNLEluNIIRanIN Ay QI 4K UHDTV anaufunsiiung

TudszmedTumauanalilunsns NunaseungurennIesdsdygyinuandlidsgy

M3 2 YANAwesNldveastoanaIn1d UHDTV vl DTT W5ved

Network topology MFN (DTTB)
Modulation method OFDM
Channel bandwidth / Occupied bandwidth 8/ 7.77 MHz

Transmission frequency

514.167 MHz (UHF ch26)

Transmission power

100 W, ERP: 1000 W

Transmission mode

SISO

Carrier modulation 256-QAM
C/N (for Rician channel) 19.7 dB
FFT size (number of radiated carriers) 32k (27,841)

Guard interval ratio (guard interval duration)

1/128 (28 ps)

Pilot pattern

PP7

# OFDM symbols

60

o a
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M58 2 Y dimesnldnaasdeanainie UHDTV vy DTT dia (se)

Error-correcting code Inner: LDPC, code rate = 2/3
Outer: BCH

Data rate 40.215 Mbps

Video coding HEVC (2160p, UHD-1 phase 1,
8 bit, 50 fps)

Transmitting station Eiffel Tower

Height of transmitting antenna 313 m

Height of receiving antenna 10 m

Coverage radius 25 km

Minimum median field strength 55 dBuV/m at 10 m

shenenarlnedsdyana 4K UHDTV mafuiusienslsudlemu (French Open)
Faduwdsdunuassiuuuna imﬁgaﬁqé’igmmﬁﬁuﬁmngﬂLﬁt’hiﬁammﬂﬂuswdw
msneaes  eaglianuauladunisatevenaansuistunudassduuIuiei@d - “French
Open” Lvhﬁ?u

nsldunaanesy 4k-UHDTV Tunisanevenannisuuadu French Open laglagngn
wisy 50 wisusoduil dewdumnuynmeyanalulad nsveasssananlauandimsuia
audululdvesnisesneinidluszuy DVB-T2 fu UHD-TV Afiuidmaensia HEVC uusn
Tufeses lusswiamsudetutinsvesivaesiufin (3 usz 4 figuiew) leennan
ganameliituniseevenaauy UHD TWsunsu 1 Tneldndes UHD waeudt 4 ¢ luniswdn
UMD 93¢ dwisunsussduiivieldndes UHD egfufifnssuunainudn axlddmiunis

anenenanlusen1s UHD Tusunsy 1 mwsnsidesa 22.5 Mbps @1msu UHD Usunsy 2

Y

tY =

onemauuuoalanmeuns UHD Aifinmadhsia Siemiferdunsa eduluny uas
Seuszus lngesnanialuiilosuasaigy (Brittany) mudnsdeya 17.5 Mbps

falunidu vaaesTudwjumnailitunawdnnin UHDTV fidedaendos UHDTV 4
fuazndes HD 2 ¢ Aiwanadu UHD luaesfuildsunstuseulifinadiouiiou
AMNMYBINMYBIlUTINTH UHD, HD (1920x1080i/25) wag SD (720x5761/25) uunti1ae
UHDTV tRgafiu

o a
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TunmeassoygneonemAlysiainiafiuiuszuuAinea (DTTB) dquu Taosa
AMNSUYedy "French Open’ uamsuuwthae UHDTV Wendu ilei3ouliisunaninms
Suivedlusunsu UHD, HD uaz SD

Tunsandafimssuiiunsiumimdiuanieouiioonuasmediu fensauiien
grsusunm UHDTV uadausn Tnognidalsurilnsvimiluanmuadeniefuiesiagy
Tnotsluszogymeivnzaniuntiiae UHDTV Ussanas 1.5 wiiwesannugevesaelvsiien
vanthae 65 i fFusudndug Ussanm 60 81 70 au FEndamnimvosnwlulusunsy
UHDTV tudeudnadninamnimuesnwlulusunsy SD way HD idlessinderfinndeiion
annsaandgeuuusmdunsliusiugpmenii Fadululdlély HD wasidesmeusudus 8n
1NN WU “duauasann wileunuesuningng’

ms‘vmaaqﬁlﬂu%umuﬁwé’zylﬂf;jﬂmﬂmﬁa UHDTV mafiuivlutssimadfaaa G
wnanrlesalnsimimeafiuiuszuuianea SD & HD Huunamvlesuvdnlunisdedyaia
nsvimiuudssenis Inedsienisariueudngs (High Definition: HD) WJudulveg) wansli
Fufsnnudululfvesnistinenenan 4k UHDTV manufuuuderiimusues UHDTV (wa 1)
WAz THaALAR 256 QAM OFDM fuaedlusunsulu DTT Multiplex dwsuditinssia UHDTV
sensaneiiunn uenaniuandiiuiunounmuamuesdsunsy UHDTV ieifisurit
TUsunsu HD (1920x1080i/25)

=3

mamnil  Feagulédn UHDTV  eziludfudisievesivavirianuaudags  (High

9
v

Definition Television: HDTV) ag13uuuau mﬂsﬁaaqﬂﬁ uwanasuNTENdYQINIANUAL
aK UHDTV fananazéandtaey Tnefidmneifieatiuayunisiamun UHDTV wagiaden
ada UHDTV madiuivlusfaaa Bsluniify aindeyaifeglutlgsuieatuliygmiisnn
yunemametiakasiAsygmans  agulainazanunsoddusunsy UHDTV (wla 1) &

TsunsuluTadnand DVB-T2 TuusewmenSaaalanielud 2017

UssnAgiuu
Usemaaluiin1snaaesdasna1nid UHDTV an8ms9 Husdwst 2014 U 2021

v
v

lngazy fail

N13VPaBIRaNINANANSAMIUIILA (Museo del Prado) 1193a (Madrid) 2014
Radiotelevision Espafiola %38 RTVE glyiuinisinsvimiansnsaizvesusemeaidy
Sufvuvinedellamatiauiingsunnsa (Universidad Politécnica de Madrid: UPM) wag

vitvlulseineanuiiiendesdue Tevihnisveass Ultra High Definition TV 1ud 2014 Tag

o a
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Favhansadifefuiisfausiusia Tule “The Passion of the Prado” #en1swannmiidl
AMUAZLEYA 4K (3840x2160 WNnLwa)
msmaau‘luﬂ%&&LLiﬂﬁms‘mmaaaaaﬂmmﬂmamquﬁuﬁLﬁaqwﬁwmé’a (Ciudad
Universitaria) %nag}'mmﬁumﬂLﬁmlmﬁasuaamamm%m TnwdsnniadasdedyaralulseSou
Aminssulnsauwai (ETSI de Telecomunicacion — UPM) Tdnisidnsianin AVC/H.264 Lag
Shsuisy 25p wisusedunit arndudddnnsdhsianan HEVC/H.265 fisnslsu 50p sy
st ditelimsindeulmsuiutu Tneveaeuiisnsdndaus 20 Mbps aufls 35 Mops da
Soyyuuy DVB-T2 ifiesann DVB-T2 saulilisnsndnléusvana 50 Mbps vqueiidnsdn
vosdyaaldis 35 Mbps Fedldasdaimeiiezfinlusunsudmsunmsnageuluewian

P5ITAB SN BNALATLNEIVBINUNITNAFDY US1UALLDYANIUAIT

M54 3 Yarndimesnldnaaeseeneinie UHDTV vy DTT awu 2014

Transmission standard DVB-T2
Bandwidth 8 MHz
Frequency 754 MHz (Ch 56)

Power

ERP: 125 W (H)

Carrier modulation

64 QAM

FFT size 32k extended
Guard interval ratio 1/128

DVB-T2 FEC 5/6

Pilot pattern PP7
Theoretical capacity 36.72 Mbps
Video coding HEVC/H.265
Audio coding E-AC-3 5.1
Total used bitrate 35 Mbps

Transmitting station

ETSI de Telecomunicacion (UPM)

A15NANABIBNBINALAE The Chair of RTVE at UPM 229U 2016-2021
The Chair of RTVE at UPM gﬂﬁgﬂ?ﬁﬂuﬂ 2015 IngmnusINdanusening RTVE UPM

LAz USENIALITRY In15inRIAMzNIINAIIUSNE Usenausiy Cellnex, Dolby, Sapec

way Televes Corporation Vwihiiliieusnwifu The Chair of RTVE at UPM Taevienu

o a
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iy Abacanto ¥insvaaes UHDTV vaneailugaed 2016 - 2021 flenusandieidana
gnssevrithsnuduluvatefianssy 91 msHneusy M$3TY NUWIINT WagMs
weuns sgalsfimunswsziinisasunuludennas RTVE way UPM lafinissauderiulunis
Fufiun1ssneg agrounda WU Mvnaes UHD adausnuu DTT wienisvnass HD uu DTT
wuuduwosuenimduadausn

winaeliinguszasdiiuandnaiy  winsoonomedudiuddnesidavesfianssu
¥94 The Chair of RTVE at UPM uthlugnsfaunuszaunisal UHD snnanglusiamanedi
s el aanssuns RTVE Ifdrsaunisvaaes UHD uu DTT naneass fslal
desuAuandiiuiinismeouwns UHD shifaSasedussavinmmiby widiiusudonivas
nslduasglval wu DVB-T2, HEVC uay AC-4 fiflnaaudRunnseiu tieihdansldnau

v

aa )~ a a 4 o ot A o A Y wa 1l
AMUDINENUUTEANTATNUNVU LLagain_ﬁiLW]G]GUUﬂUﬂ'J']NﬂiJ@']V]iJ']ﬂEUUW'JEJ@maNU@FLMNW

EJQ‘I
Wi lufudayeyres UHD i HDR - High Dynamic Range, HFR — High Frame Rate, WCG
— Wide Color Gamut %38 NGA — Next Generation Audio

Cellnex 79lUaNNTNYDIAUENTIUNTAUTA® o lun1snaasdeana1nid UHD

DVB-T2 aghsiaiilosiunuadul 2016 Wumsmaaswinussmeadu dinguszasdiiioniu

o

Mssudn neldnisimesnianaialisngasdensanisd

[

M3 4 Yavnimesilinaasseeneinia UHDTV uu DTT awu 2016-2021

Characteristics of the signal

Video 4K resolution, 50 fps, SDR
Video coding HEVC/H.265

Audio 2.0

Audio coding E-AC-3

Bitrate total 30 Mbps

Characteristics of the transmission

Transmission standard DVB-T2
Bandwidth 8 MHz
UHF channels 36 (Madrid), 43 (Barcelona), 36 (Sevilla), 26

(Malaga), 33 (Santiago de Compostela), 23
(Zaragoza), 41 (Torrente), 43 (Teruel), 48 (Oviedo),
42 (Burgos), 42 (Leon), 21 (A Coruna)

o a
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1379 4 gemTineslivnasioaneinie UHDTV vy DTT aly 2016-2021 (sie)

Transmitting station

Mijas — Malaga Ch 26

Torrespafia and San Fernando de Henares-
Madrid Ch 36

Monte Pedroso — Santiago de Compostela Ch 33
Collserola and Baix Llobregat — Barcelona Ch 43

Valencina - Sevilla Ch 36

La Muela — Zaragoza Ch 23

Torrente — Valencia Ch 41

Teruel — Teruel Ch 43

Oviedo-Naranco - Oviedo Ch 48

Burgos — Burgos Ch 42

El Portillo - Leon Ch 42

Ares — A Corufia Ch 21

Power

ERP: 2 kW (H) Ch 26 (Mijas)

ERP: 15 kW (H) Ch 36 (Torrespana)
ERP: 75 W (H) Ch 36 (San Fernando)
ERP: 9 kW (H) Ch 33 (Santiago)

ERP: 10 kW (H) Ch 43 (Collserola)
ERP: 12 W (H) Ch 43 (Baix Llobregat)
ERP: 9 kW (H) Ch 36 (Valencina)
ERP: 9 kW (H) Ch 23 (La Muela)
ERP: 2 kW (H) Ch 41 (Torrente)

ERP: 70 W (H) Ch 43 (Teruel)

ERP: 70 W (H) Ch 48 (Oviedo)

ERP: 170 W (H) Ch 42 (Burgos)

ERP: 200 W (H) Ch 42 (El Portillo)
ERP: 14 kW (H) Ch 21 (Ares)

Carrier modulation

256-QAM

FFT size 32k extended
Guard interval ratio 1/8
DVB-T2 FEC 2/3

AUNIAINTTU &.a.N.




11379 4 gemfinesilivnasioaneinie UHDTV vy DTT aly 2016-2021 (sie)

Pilot pattern PP2

Theoretical capacity 33.4 Mbps

N15MAaes UHDTV anlsiagasuads (Teatro Real) Wiangaunnsn U 2016

dleSudl 21 wwieu 2016 The Chair of RTVE at UPM hsian1sanenananleiUsn
Parsifal TugUuu UHD F433ulne Teatro Real, RTVE wag Hispasat fnedeyaed 4K Aidsne
WS 50 eI anevendalng RTVE Tu Teatro Real Wwagoone1neNIu Hispasat
wdsndnsTEanIN HEVC wawidhswades E-AC-3 wuuBealny nsndnndefianuszuna 30
Mbps finsimungasudygin 4 wia loun Tsanmeuns Kinepolis Tungaunnsn viaussy
Prado del Rey wag ETSIT-UPM wagvienae Collserola Tuunsialaun dadqyaameuinsgiu
Insves Digital Terrestrial Television (DVB-T2) ﬂiamqmﬁuﬁmmﬂlmgﬁau Ciudad
Universitaria Tungaunnia Tagldmud 658 MHz (UHF @os 44) Tunsdsdnyayio

Cellnex vhmsvaaesanwazligItuINaudnsyedosazunsnin  Collserola
Tneidetunsouaguanidiomwfolaun wisfivesues COFDM woguan UasiidoInis
naaey Tonsdsdyaas DVB-T2 Tulnum 32K extended, GI 1/128 waz PP7 Single PLP

fvunseuegian 64-QAM wag FEC 3/4 vinlisnsTniiluldlsigeandu 32.6 Mops

M54 5 Yarnsdiwesnldnaasseanainie UHDTV vy DTT awu 2016

Characteristics of the signal

Video 4K resolution, 50 fps, SDR
Video coding HEVC/H.265

Audio 5.1

Audio coding E-AC-3

Bitrate total 30 Mbps

Characteristics of the transmission via Hispasat (satellite)

Transmission standard DVB-52

Frequencies UP: 14 408 MHz
DOWN: 11 608 MHz

Polarity Vertical

Symbol rate 15 Msym

o a

AUNIAINTTU &.a.N.
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373 5 gemTineslinnasioaneinie UHDTV vy DTT aly 2016 (sie)

Roll of 0.2
Modulation 8PSK
FEC 3/4

Characteristics of the transmission (DTT)

Transmission standard DVB-T2
Bandwidth 8 MHz
UHF channels 44 (Madrid), 22 (Barcelona)
Transmitting station ETSIT UPM - Madrid ch 44

Collserola - Barcelona ch 22

Power ERP: 125 W (H) ch 44 (ETSIT UPM)
ERP: 15 KW (H) ch 22 (Collserola)

Carrier modulation 64-QAM

FFT size 32k extended

Guard interval ratio 1/128

DVB-T2 FEC 2/3

Pilot pattern PP7

Theoretical capacity 32.6 Mbps

NINARBINNNIEIIVIMAN (Palacio Real) Njeunn3a U 2017

do¥uil 5 nsnniew 2017 The Chair of RTVE at UPM inshumstienenanyng
Tnsvieinfausnluaudemalulad 4k High Dynamic Range (HDR) mnsasidon 4K 3o
Ultra High Definition iJunildlumsufiamanaluladfidwamesnmuazidoaasiauilug
HOR  Baduinmsgrulmivesnaunimuesnmiiiuanuaituasfuaunauesiiuiiainuay
Nuiiile

Fyann ak gridhsvalaegltannsgiu HEVC fifuniasaesdnuae len douaium
wuuasRfidnAulFfU HDR10 wasdeyammuuulaundinfidiuldiu Dolby Vision Tuma
ndufu 1desgriinsalagld E-AC-3 (5.1) fedns1dn 128 kbps PID veadesiiasignidnsa
pe AC-4 sgens1Un 48 kbps Honudnsanuszuna 30 Mbps

dyaiisenanialutemaaey 4K UHD ved Cellnex Telecom 3nAudnszang

LFBUazUNIAIN Torrespaia TuuNATa Uug uAud UHF %09 32 Tu Barcelona uugnu

o a
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AR UHF 989 43 uaglu Sevilla vuguanud UHF 901 36 lagldmisimeslunisds
doyeyeu DVB-T2 \Ju Tvum 32K extended, G 1/8 uag pilot pattern PP2 Single PLP Anvun

fuvegian 256-QAM way FEC 2/3 shlviildmsndniildlagean wiidu 33.4 Mops uag

Sdudediinsimiidniulatunusnvazvesdygudmsuoondayay

A3 6 YANAwesnldnaastaanainie UHDTV vy DTT awu 2017

Characteristics of the signal

Video 4K resolution, 50 fps, HDR10 and Dolby Vision
Video coding HEVC/H.265

Audio 5.1

Audio coding E-AC-3 and AC-4

Bitrate total

30 Mbps

Characteristics of the transmission

Transmission standard

DVB-T2

Bandwidth

8 MHz

UHF channels

32 (Madrid), 36 (Sevilla), 22 (Barcelona)

Transmitting station

Torrespafia and San Fernando de Henares—
Madrid Ch 32
Collserola and Baix Llobregat — Barcelona Ch 43

Valencina - Sevilla ch 36

Power

ERP: 15 KW (H) Ch 32 (Torrespana)
ERP: 75 W (H) Ch 32 (San Fernando)
ERP: 10 KW (H) Ch 43 (Collserola)
ERP: 12 W (H) Ch 43 (Baix Llobregat)
ERP: 9 KW (H) Ch 36 (Valencina)

Carrier modulation

256-QAM

FFT size 32k extended
Guard interval ratio 1/8

DVB-T2 FEC 2/3

Pilot pattern PP2
Theoretical capacity 33.4 Mbps

AUNIAINTTU &.a.N.
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N1MAaas UHD-Phase 2 U 2018

n59ARBs UHDTV fiflenuauysaifigeluysmsmaadafivssauauduia intu
Tuduil 4 maney 2018 Tummeaedldiiauensnanuaznnsesnenadayaadiauysaived
UHD1-Phase 2 Wundusnlutssimaadu dnsrnnsiidausianes The Chair of RTVE at
UPM, Abacanto Soluciones, SGO, Camaledn Rental, LG iag SONY

nsasdryayadldunnsgiu DVB-T2 wuu 4K Ultra High Definition, High Frame Rate
(HFR) g9gia 100 wisusadunil, High Dynamic Range (HDR) 14 HDR 10, Wide Color Gamut
(WCG) 14 ITU-R BT.2020 waz Next Generation Audio (NGA) @5Un15L01sWadeyqy1anIn
uazides 14 HEVC waz AC-4 auaau

dryeyrau DVB-T2 99ne1n1AaIn ETSIT UPM Tu Ciudad Universitaria (119139) 114
03 44 vuguaud UHF (d5unisimuadansniliifu The Chair of RTVE at UPM Tag
Secretarfa de Estado para el Avance Digital #%UN1INAADIMAADY) kAN Y83 4K UHD
U89 Cellnex Telecom mﬂ@uémzmaL%’aaLLazLLwimw Torrespafia Way San Fernando de
Henares lu Madrid (Uughuaud UHF e 32), Collserola uay Baix Llobregat Tu
Barcelona (UuguAu UHF o3 43), Valencina u Sevilla (Uuguaud UHF 984 36),
Mijas Ty Malaga (Uuguaaud UHF 904 26) wagdeninusauilones Televés Corporation,
Monte Pedroso lu Santiago de Compostela (UuguAud UHF %83 33) fmun
Amnfweslunsdedayaa DVB-T2 Wulrua 32K extended, Gl 1/8 uay Pilot Pattern
PP2 Single PLP fvasensuegian 256 QAM uag FEC 2/3 vilviisns dnildgean wiriu

33.4 Mbps

MIN 7 YAndimesiiiveasteenainia UHDTV uu DTT awu 2018

Characteristics of the signal

Video 4K resolution, 50 fps, HDR10, WCG
Video coding HEVC/H.265

Audio 5.1

Audio coding AC-4

Bitrate total 30 Mbps

Characteristics of the transmission

Transmission standard DVB-T2

Bandwidth 8 MHz

o a

AUNIAINTTU &.a.N.
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1373 7 gemiinesilinnasieaneinie UHDTV vy DTT aly 2018 (sie)

UHF channels 26 (Malaga), 32 (Madrid), 33 (Santiago de
Compostela), 36 (Sevilla), 43 (Barcelona), 44
(ETSIT UPM)

Transmitting station Mijas - Malaga ch 26

Torrespafia and San Fernando de Henares-
Madrid Ch 32

Monte Pedroso - Santiago de Compostela Ch 33
Collserola and Baix Llobregat — Barcelona Ch 43

Valencina - Sevilla Ch 36

ETSIT UPM - Madrid Ch 44

Power ERP: 2 KW (H) Ch 26 (Mijas)

ERP: 15 KW (H) Ch 32 (Torrespana)
ERP: 75 W (H) Ch 32 (San Fernando)
ERP: 9 KW (H) Ch 33 (Santiago)

ERP: 10 KW (H) Ch 43 (Collserola)
ERP: 12 W (H) Ch 43 (Baix Llobregat)
ERP: 9 KW (H) Ch 36 (Valencina)
ERP: 125 W (H) Ch 44 (ETSIT UPM)

Carrier modulation 256-QAM

FFT size 32k extended
Guard interval ratio 1/8

DVB-T2 FEC 2/3

Pilot pattern PP2
Theoretical capacity 33.4 Mbps

NMA@aBIDNBINTF UHD-8K Ul DVB-T2 U 2020

SoYuil 21 ga1Aw The Chair of RTVE at UPM Iélausliiiiniseenenniadiys
UHD 8K lu DVBT2 usdusnilan Tneiintuainanusiusievesaundnuosnssunsi
Usnwaumalulad laun Cellnex Telecom, Dolby, Sapec uag Televés Corporation

(Gsertel, TRedess uay Televés) 5w Abacanto Tugnusgaduayu lag SONY lviaay

AUNIAINTTU &.a.N.
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sslolun1siudygia SGO way Abacanto $uilafUY post-production Samsung tag LG
Suanfiunstunisasienw

msdsdyaadduinsgiu DVB-T2 lnefiandnvazvesdyanu fuelud

- auaziBen 8K 9 nnmiideuaziBun 7680 x 4320 finiga FeflanuaziBendu
Awinwes UHD wde 4K

- High Dynamic Range (HDR) sheflsAdunsiudines HLG (Hybrid Log-Gamma) a7l
1M3gIU STD-B67 1ng ARIB (a11ANGINALAZRAAIMNTTHING)

- High Frame Rate (HFR) 50 Lulsusiqund]

- WCG (Wide Color Gamut) asuaiuziinuee ITU-R BT.2020, bit-depth 10 Un wag
Color subsampling 4:2:0

- @Buuunanevesdy I 5.1.4

(%

F1aansignussadludygadiinaunn  ududedinnsgiuniduszdnsanlunis

g

) o !

Judngauazanunsadedyaunidnvasaingdla laelduinsgiu HEVC dunisisdanin
#nsgiu Dolby ACA fumadhsades ilelvuileiiinisudanazdyaainenoen
i mgan uarlduinsgiu DVB-T2 lumsduiom

mMsuumsiwesnistudnetramunzanyilianunsadudnfisnsnads 30 Mbps
YoIRUNMNITTUTHA I IUTEAUES wazdlonuiudesdyanandes  waza1s199IETLEY
wielildsnadnAnd 32 Mops floyaaliannsodsuutesdaygias DVB-T2 Adneaziden
AUATN

(%

dunieenennean Head end flsesSeuirmnssuinsauwiny UPM ﬁu’qasﬂmﬁaq
UMTINGNEBWAINTIPEA N9Wes 44 UugumNA UHF @9 State Secretariat of
Telecommunications and Digital Infrastructures — SETID lanimualiinu The Chair of
RVTE at UPM lHifunisthasmdmsunisesnennienaaeu daaa 8K Steeneindlutes
UHD fieenernaling Cellnex Telecom nguénszaneidusuazuninmuss Torrespania
Wag San Fernando de Henares Iumﬂmﬂ‘%ﬂ 7179%89 36; Collserola wag Baix Llobregat Tu
Barcelona M119%94 43; Valencina Tu Seville 19983 36; Mijas i Malaga y119%99 26; Monte
Pedroso Tu Santiago de Compostela 119484 33; La Muela lu Zaragoza 19983 23; uag
Torrente Tu Velencia nste4 41

NNYUNBINILNALA 5miﬂﬁmmaqﬁammml,azLﬁmﬁlﬂuma%agﬁﬂizmm 32
Mbps n5inesnisuegLan COFDM Aldlunsdsdyaasin DVB-T2 910 Head end
UPM Ju 32K extended, Gl 1/128 uaz Pilot Pattern PP7 Single PLP ldnnsuegian 64-

QAM uag 5/6 FEC muafinuuail inlilasnsndnildgegauszana 36 Mbps dslglunsds

o a
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dlemldlagliiindefianainlag wasnmsiudya aitaandu RTVE lagndes  dmsuns
9an01MAYed UHD lng Cellnex Telecom Tdwisnilmesmsuegianlunisasdayayios DVB-
T2 1l 32K Extended, 256-QAM, Gl 1/8, PP2, FEC 2/3, SISO tlunisfivundiilddiviu
seefusnndaiifens vnsfieaiuiazdnuitufieseunquluanadilnyunasauiavey

YDIUSANS

M54 8 Yavnsdlmesilinaassooneinia UHDTV 8K uu DTT awu 2020

Characteristics of the signal

Video 8K resolution: 7 680 x 4 320
HFR 50 fps, HLG and WCG

Video coding HEVC/H.265
Audio 5.1.4

Audio coding AC-4
Bitrate total 32 Mbps

Characteristics of the transmission

Transmission standard DVB-T2
Bandwidth 8 MHz
UHF channels 36 (Madrid), 43 (Barcelona), 36 (Sevilla),

26 (Malaga), 33 (Santiago de Compostela),
23 (Zaragoza), 41 (Valencia), 44 (ETSIT UPM)

Transmitting station Mijas — Malaga Ch 26

Torrespafia and San Fernando de Henares—
Madrid Ch 36

Monte Pedroso - Santiago de Compostela Ch 33
Collserola and Baix Llobregat - Barcelona Ch 43

Valencina - Sevilla Ch 36

La Muela - Zaragoza Ch 23

Torrente — Valencia Ch 41

ETSIT UPM — Madrid Ch 44

AUNIAINTTU &.a.N.



1379 8 YmTinesilivnasioaneinia UHDTV 8K uu DTT awu 2020 (sie)

16

Power

ERP: 2 KW (H) Ch 26 (Mijas)

ERP: 15 KW (H) Ch 36 (Torrespana)
ERP: 75 W (H) Ch 36 (San Fernando)
ERP: 9 KW (H) Ch 33 (Santiago)

ERP: 10 KW (H) Ch 43 (Collserola)
ERP: 12 W (H) Ch 43 (Baix Llobregat)
ERP: 9 KW (H) Ch 36 (Valencina)
ERP: 9 KW (H) Ch 23 (La Muela)
ERP: 2 KW (H) Ch 41 (Torrente)

ERP: 125 W (H) Ch 44 (ETSIT UPM)

Carrier modulation

64-QAM (ETSIT UPM)
256-QAM

FFT size

32k extended

Guard interval ratio

1/128 (ETSIT UPS)

1/8

DVB-T2 FEC 5/6 (ETSIT UPM)
2/3

Pilot pattern PP7 (ETSIT UPM)
PP2

Theoretical capacity

36.72 Mbps (ETSIT UPM)
33.4 Mbps

Asnaaslsyany UHD Usewnaailu U 2021

1wl 2021 fn1snemsauAn UHD @y 2nn1st@iusiueaausemannnia 30 i

Wasiisuynaslugnannssuietisluinn1sam UHD Tuay aunauusenausigusum

Pnvaedudsiniulugnamnssuiaulamsulumsiaw UHD  Tuaidu

277

UStvEndauazeanameaaueanisuan UHD dvsunimeass glvuinislasaingldlasaing

dl ! ﬁ’l 1 a0 o ! | gj ! 1 = Y a
LNDEALUBMINIUED I UEIAYY1UUINNIN 40 UWWS VI8 DTT Lagn1Td@INiIuaInegd E;:L‘MUiﬂ’]i

sumedaatuayuasosds gunsaliinsia nadiend wazusnsansuily uaskanlnsviad

AUNIAINTTU &.a.N.



17

Pednmyalnsvimidmiunmsasaiietisainsszuuing UHD wazmsiuiueasiuslaaiing
Weuun

nsneaes UHD Tualy Uszneudie iwadiendh UHD aesszuu dmsuds HOR wils
a3 uaz SDR nilvardulugdlasstnemanuiusasinsmisnfiendmiumsuniaseungy
i1 40 les vumauRuLarTRUsEmARTUATITEY WSnsEtuasudeusnmsdumesuen
Ffigaeld SmartTV 74 HbbTV 2.0 Whdadenldlaglduinsaniu

msmaawizﬂauﬁmm’%'aaﬁqé’zy@mmﬂ;ﬂﬁﬂ%mﬂﬂsaﬂha launA Cellnex, Axion
uaz Telecom CLM lasadny Cellnex Usenaumiy annddedayayios 35 unis AsauAqy 37%
YoeU5EYINT Nsraeaglu 31 fminvesaiuu laseie Axion Usenaume \3esdda 4
\widoa saoglu Andalucia Axion uaggnsraieldeuarininimaisisne Radio y Television
de Andalucia (RTVA) l¢Suaedayanas DVB-T2 Tud 2016 lusu 4K Summit fidetuly
Sevilla Tneldip3sds 500W fifdadeeanainia 10kw 2naailasdaeyiadu Valencina

Tt 2017 faeniddsdryaalnadly Mijas Fenseungu Malaga Ingldiedosdsdnyan
yun 300W fifdsdseanainie 6.6 Aladnd gaidisndluuulassing UHD fisuseneiniely
a1 4k Summit 2017 dinsdsdrysyaddusuuuy HOR W HLG way PQ10 witelanunsa
Wisuiisuanmsgu HOR vhaesld Tassuldinlu Seville uay Malaga

1ud 2018 dnsanenenaninu “XLI Exhibicion de ganches de caballos en Ronda”
Tuguuuy UHD adudunilsvesnsnmass

Tud 2021 Axion l#ifinaTosdsdaiaidn 4 w3es Tu Grannada 910 Parapanda Tu
494 48 Tu Huelva 211 Punta Umbria Tuties 38 Tu Cadiz 210 San Cristobal Tusies 44 uag
lu Cordoba 910 Lagar de la Cruz Tudes 43 Tgwisfiwesnisdsdyaas DVB-T2 W FFT
32K Extended, Guard interval 1/128, Pilot pattern PP7, Code rate L1 1/2, FEC L1 16K
LDPC, Constellation 64-QAM, Channel bandwidth: 33.7 Mbps, TS bitrate 32 Mbps, Video
bitrate 26 Mbps (HEVC), Audio bitrate 320 kbps.

Telecom CLM Busanernialud 2019 Tneldinsosdedyans 2 wdes lulasetig
WUy SFN Litelsinsounguiniiies Toledo eeneImAnsuNLst UHD an RTVE uay Ente
Publico de Radiotelevision Castilla la Mancha (CMM)

o

Tul 2020 msweaes UHD Tupiima Castila la Mancha Iéifimannildsdyan

Lﬁmamﬁﬂﬁmaummﬁm Ciudad Real, Cuenca, Albacete uay Guadalajara lagly

NFTRBSAINNT

o a
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#1379 9 gemTineslimnasiaanennia UHDTV 4K vu DTT awu 2020

Characteristics of the signal

Video 4K resolution, 50 fps, SDR
Video coding HEVC/H.265

Audio 2.0

Audio coding MPEG Audio Layer 1/2

Bitrate total

30 Mbps

Characteristics of the transmission

Transmission standard

DVB-T2

Bandwidth

8 MHz

UHF channels

35 (Toledo), 33 (Ciudad Real), 35 (Cuenca),
26 (Albacete), 35 (Guadalajara)

Transmitting station

Cerro Palos (Toledo) Ch 35

Toledo I (Toledo) Ch 35

Valle Tiétar (Toledo) Ch 35 — coming soon
La Atalaya (Ciudad Real) Ch 33

La Mancha (Ciudad Real) Ch 33
Puertollano (Ciudad Real) Ch 33

Cuenca | (Cuenca) Ch 35

Cuenca Il (Cuenca) Ch 35

Chinchilla (Albacete) Ch 26

Hellin (Albacete) Ch 26 (coming soon)
Almansa (Albacete) Ch 26 (coming soon)

Iriepal (Guadalajara) Ch 35

Power

ERP: 20 W — Cerro Palos Ch 35

ERP: 10 W — Toledo Il Ch 35

ERP: 100 W - Valle Tiétar Ch 35 (coming soon)
ERP: 100 W — La Atalaya Ch 33

ERP: 100 W — La Mancha Ch 33

ERP: 20 W — Puertollano Ch 33

ERP: 20 W - Cuenca | Ch 35

ERP: 1 W — Cuenca Il Ch 35

AUNIAINTTU &.a.N.
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11373 9 gemTineslimnasioaneinia UHDTV 4K uu DTT awu 2020 (sie)

ERP: 500 W - Chinchilla Ch 26

ERP: 100 W - Hellin Ch 26 (coming soon)
ERP: 10 W - Almansa Ch 26 (coming soon)
ERP: 20 W — Iriepal Ch 35

Carrier modulation 256-QAM

FFT size 32k extended
Guard interval ratio 1/8

DVB-T2 FEC 2/3

Pilot pattern PP2
Theoretical capacity 33.4 Mbps

UsemAanu

Ui 23 unsAn 2014 msdsdygad 4K Tuussimaaiiau 1neTuiednu Teracom

“Tv-Puls” (Juuan lumseenamanisdUnvineulazaesduavinasainiuineu ldansu
Mdrsianaaesansueenanraduinlugiiaifman ansui 1 gnidisianuusenlay
duan3ui 2 gnadlaggninlaense vililinsumsiivwesvesaniui Fedayaya 4K Ngnds

yulAT9918 DTT H57188808AN1SINADSAIAIT

M54 10 Yansdiwesinlivaasseanainia UHDTV uu DTT adau

Characteristics of the signal

Video 4K resolution, 29.97 fps
Video coding HEVC/H.265
Bitrate total 24 Mbps

Characteristics of the transmission

Transmission standard DVB-T2
Bandwidth 8 MHz
Carrier modulation 256-QAM

FFT size 32k extended
Guard interval ratio 19/256
DVB-T2 FEC 3/5

Pilot pattern PP4

o a

AUNIAINTTU &.a.N.
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M1519 10 Yansiwesilivaasseanainia UHDTV uu DTT &linu (se)

Theoretical capacity

31.7 Mbps

ANS1YDUIANS

U 2014 undewveailow 4K dwsunmsuistuiiaesnemsdrfyndunaula

maqaflmimﬂuﬁmqa%@u A FIFA World Cup luiUssinAusn®a waz Commonwealth

Games lunanalnd) vl BBC anunsanaaauynn1snaaasiigdesiumsineundiienila

Fiimvaaesansuneunuioaulariu DVB-DASH Argiva Bulugliiusnislassvieds

doyey0uved BBC Inssvneifiedesdsdyaniasas 3 1n3es senanadya udafiandndd

U559 UHDTV wilau3ng

AN

4K Mgnasuulaseng DTT d51gastdeaniiniinesng

M5 11 Yansiwesilinaasiaanainia UHDTV vy DTT ansiyenandng

Characteristics of the signal

Video

4K resolution, Mixture of 50 fps and 59.94 fps

Video coding

HEVC/H.265

Bitrate total

<35 Mbps

Characteristics of the transmission

Transmission standard DVB-T2
Bandwidth 8 MHz
Carrier modulation 256-QAM

FFT size 32k extended
Guard interval ratio 1/128

DVB-T2 FEC 2/3

Pilot pattern PP7
Theoretical capacity 40.2 Mbps

UsZINADNSIU

msfmganuinuthluswiandmsussuunisesnainietuganaly  Wunisswind

Y0 NTEABFLUAZLNTAIN IRIB (Islamic Republic of Iran Broadcasting) #ulufinszane

WILAZLNININATITUBUINYIAV0BNIIN  (@15750055Baa 1Y) YN1sAnfaNITeanaInIe

o a
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alngvied 4K (Ultra High Definition) ludisunsngiau 2020 vumelulad DVB-T2 uag
HEVC Tdnniifinainin 4K wazmalulad HOR TnedarmuamanaiefiseasBondsl
mseenemalulssmedniulfunamiosufenty Ao ameiufululnun MEN 19
Adnoasiafnand 7 gn soneinidlugiumud UHF dagtiunseungy 96% wasszans fe
DTTB wazsdasiiutwdu 99.9% dyana ok Mdwilsieseud sMHz denldnnay
avlungaiivAy (UHD) %38 4K 53ulUSie HDR-HDR 10 wagwalulad WCG Wswnsuldideaseu
AN 6 voudes sHAIN 50 WsuADIUT warnseuIunsUusadayeyadld HEVC Main 10
34¢ 10 9n lumaifvdeya dudenduazvinsmaaouluszmitsmsvaass Wumalulad
melulszmavesiiiuseauuuiuuulausa (Hybrid broadband TV: HbbTV) Fsfinalnnis
nouszrinaduuuazdeanoinia mavaassszerusnifntuluanniesnenmalnsimilungs
Wz uavAey vengludiruduesizdun anduiiinuniw 4K Aduiinliazgnidnsauas
Judame HEVC udidaludraniinsvimbinneaslouituay/aiiey
donsudn HOR war WCG Wumeluladlud mswdsuanumsgiu BT.709 1y
BT.2020 Uagdutes IRIB 4K Hlviuinisluaudnszaneideawasunsnmuessy 31 uis dwmsy
wdpsfuuarlnaial 4K KiunsepnanmAmARuALLAZHIUNTeaNe AR e
BADR-5 Tneililomuasdontiunisuuzthanuauvessewmedniudundn
snpsmaidndniiaaiviilinuivsraueniudiia dudtuduusnauisu sudnis
pnszRuislgnmIndnnwAdes MsadneseunsmuauAunn waznsiii HOR Ju
mmgmsuauﬁam nsimuan1snszaedyaaludanddedygin LLasmi&u’ﬂﬁhqﬂﬂiaiﬁ
FufudwiulasaiisuagnsEuduuing HobTV uaztesmaiuladfiiedos
MsuhsEn HEVC/H.265 fisasisy 50 wisusiodundt e lildnanimussnind
foans dyaaudsnsidnauis 20 Mbps welulanisdsdyaailéidy DVB-T2 e
Sudseiueuguesosdyaniidecns Aadnvarmanaiavesdygial msdimesmg

wiatavedluun DVB-T2 wazszuudidng alseazdenniunisg

M58 12 Yannsdlwesilinaasseanainia UHDTV vy DTT sy

Characteristics of the signal
Video 4K resolution, 50 fps, HDR10, HLG10, WCG
Video coding HEVC/H.265
Audio 5.1
Audio coding HE-AAC
Bitrate total ~ 20 Mbps

o a

AUNIAINTTU &.a.N.
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Characteristics of the transmission

Network topology MFN (DTTB)
Modulation method OFDM
Transmission standard DVB-T2
Channel / Occupied Bandwidth | 8 / 7.77 MHz

Transmission frequency

738 MHz (UHF Ch 54)

Transmitting station Jamaran
Transmission power 3000 W
Transmission mode SISO
Carrier modulation 256-QAM
C/N (for Rician channel) 18 dB

FFT size (number of radiated

32k (27 841)

carries)

Guard interval ratio (guard | 1/8 (28 ps)
interval duration)

DVB-T2 FEC 2/3

Pilot pattern PP6

# OFDM symbols 60

Error-correcting code

Inner: LDPC, code rate = 3/5

Outer: BCH
Data rate ~ 35 Mbps
Height of transmitting antenna | 90 m
Height of receiving antenna 10 m

Minimum median field strength

54 dBuV/m at 10 m

NTBYANTNARBIBBNEINIA UHDTV Uu DVB-T2 #ildvesdayaas 8 MHz Tu

'
1o a

AaUsene dnsnaaedldyansiiwesdmivdsdyganvainvats Wesesiumsdadeya

gUwuUdy g mEeiuvie HDR, HFR uay WCG Ivianansatiawsuinig UHD 91

fl
ToyanfeIns

[ =i

o a
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ANULANGNVBIYANITITMBSTEUY DVB-T2 7ldlunisdsdayeyias UHD wodtusiay

Usewd 1518982L08009M1519
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Country Channel Transmission Multiplex Signal Video Picture
bandwidth mode capacity bit rate encoding standard
standard
France 8 MHz 32k, extended mode, GI=1/128, | 40.2 Mbps Two programmes carried: HEVC 3840 x 2160p
256-QAM, FEC2/3, PP7 one at 22.5 Mbps, one at 17.5 Mbps 50 frames/s
8 bits/pixel
8 MHz 32k, extended mode, GI=1/32, | 34.2 Mbps (PP4) Two or three programmmes carried: HEVC Various combination between
256-QAM, FEC3/5, PP4 or PP6 34.9 Mbps (PP6) from 10 to 17 Mbps for UHD and from 3 to 17 Mbps 3840 x 2160p
for HD-1080p 50 frames/s
8 or 10 bits/pixel and
1920 x 1080p
50 frames/s
Statistical multiplexing of 3 UHD programmmes 8 or 10 bits/pixel
32k, extended mode, GI=1/32, | 38.8 Mbps Two programmmes carried: 3840 x 2160p
256-QAM, FEC2/3, PP6 one at 24.8 Mbps, one at 12.4 Mbps 50 frames/s
10 bits/pixel
Three programmmes carried: 1920 x 1080p
one UHD at 24 Mbps, two HD-1080p from 2.5 to 7 50 frames/s
Mbps 10 bits/pixel
Spain 8 MHz 32k, extended mode, GI=1/128, | 36.72 Mbps 35 Mbps (other bit rate also tested) HEVC 3840 x 2160p
64-QAM, FEC5/6, PP7 50 frames/s
10 bits/pixel
8 MHz 32k, extended mode, GI=1/128, | 32.6 Mbps 30 Mbps HEVC 3840 x 2160p
64-QAM, FEC3/4, PPT 50 frames/s
10 bits/pixel
dindennssu a.an.
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Country Channel Transmission Multiplex Signal Video Picture
bandwidth mode capacity bit rate encoding standard
standard
Spain 8 MHz 32k, extended mode, GI=1/8, 256- | 33.4 Mbps 30 Mbps HEVC 3840 x 2160p
QAM, FEC2/3, PP2 50 frames/s
10 bits/pixel
HDR10
Dolby Vision
8 MHz 32k, extended mode, GI=1/8, 256- | 33.4 Mbps 30 Mbps HEVC 3840 x 2160p
QAM, FEC2/3, PP2 50 frames/s
10 bits/pixel
HDR10
WCG
8 MHz 32k, extended mode, GI=1/128, | 36.72 Mbps 32 Mbps HEVC 7680 x 4320p
64-QAM, FEC2/3, PP2 50 frames/s
8 MHz 32k, extended mode, GI=1/8, 256- | 33.4 Mbps 10 bits/pixel
QAM, FEC2/3, PP2 HLG
WCG
8 MHz 32k, extended mode, GI=1/8, 256- | 33.4 Mbps 30 Mbps HEVC 3840 x 2160p
QAM, FEC2/3, PP2 100 frames/s
And 32k, extended mode, 10 bits/pixel
GI=1/128, 256-QAM, FEC2/3, PPT HDR10
WCG
dindennssu a.an.
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10 bits/pixel

Country Channel Transmission Multiplex Signal Video Picture
bandwidth mode capacity bit rate encoding standard
standard
Sweden 8 MHz 32k, extended mode, GI=19/256, | 31.7 Mbps 24 Mbps HEVC 3840 x 2160p
256-QAM, FEC3/5, PP4 29.97 frames/s
8 bits/pixel
UK 8 MHz 32k, extended mode, GI=1/128, | 40.2 Mbps Variable (some trial at 35 Mbps) HEVC Mixture of
256-QAM, FEC2/3, PPT 3840 x 2160p
50 frames/s and 59.94 frame/s
Most of trial at 8 bit/pixel,
some at 10 bit/pixel
Iran 8 MHz 32k, extended mode, GI=1/32, | < 35 Mbps ~ 20 Mbps HEVC Main | 3840 x 2160p
256-QAM, FEC3/5, PP6 10 50 frames/s

Source: ITU-R BT.2343-7 (11/2021) Collection of field trials of UHDTV over DTT networks

o
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3ndeyanisnaasteanainialnsvininiaiudulusyuuiineassuy DVB-T2 dg
walulad 4K ludssinaiiivuadesdyyi 8 MHz arursaagusnsdeyaildlunismaass
paneN1ATsldFULUUA 1A ey Taguuanuanisnaaes UHD finiviualag DVB i

SNYRLLDYARNINIT

A3 14 AN LaznIItoyadmsu UHD uu DTT seuu DVB-T2 lussUseime

DVB Phase Bit | Frame | Wide Dynamic Data Rate
Depth | Rate Color Range (Mbps)

(bit) | (fps) | Gamut
UHD-1 Phase 1 10 50 BT.709 SDR CBR: 12.4 - 35
VBR: 10 - 17

UHD-1 Phase 2 10 100 | BT.2020 HDR | CBR: 30 - 40?

Source: ITU-R BT.2073-2 Use of the high efficiency video coding (HEVC) standard for UHDTV and HDTV broadcasting

(1) Signal bit rate of annex section 3.2
(2) The indicated data rates are maximum values for constant data rate transport for critical test sequences to be rated

sufficiently high quality for broadcast emission when assessed by experts.

WeaNasaunsUuuudygranin wardns1infiin1snaaes UHD-1 Phase 2 Ay ITU

oo

o w [

d1ineu nang. ag va. Jaimuadasdalunisdedygyrnuuuninsgiuanuautngsds UHD

L e}

(%

(4K) uwuu Constant Bit Rate (CBR) dwsuuszwelve Wu 3 szau leun
1. seunaa ity ns1dn 15.00 - 19.99 Mbps
2. sgauRunmUIunans 9ns1Un 20.00 - 29.99 Mbps

3. SEAUAMNINES 8n51UR 230.00 Mbps

AInIEnITy d.a.m.
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ANsNnanseanaINAmAlulad 4K d.4.9.

A1SNAABIBDNBINFANITVALNANUAUSEUUAIN a8 AlULaE 4K Uad d.8.9. 133

99NN AluIuN 11 wgrdnieu 2565 a1 11.11 U, lnglgamnsdmesisusuninisng

P15 15 AW dwesisuaunsasdygIaszuy DVB-T2 mawalulad 4K

W03 2
FFT size 32K extended
Guard Interval 1/128
Modulation 256-QAM
Code Rate 2/3
Pilot Pattern PP7
Physical Layer Pipe (PLP) Single
Max. Multiplex Capacity 40.2 Mbps

AN 2 N1INAABIDDNDINTA 4K JUN 11 WeATnIeu 2565

o
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lageana1NAlusEninagiaaan 09.00 - 12.00 W. WagsenInaial 13.00 - 16.00 u.
YoanTu Awninagladeyansuiiu vseldifunseunanlasueugnlildminudingdwiu

Asnnasansenaasy uszezinatliiiu 6 wWwou dudwsTui 1 natau 2565 Wuluany

9

PIFRANUNIY NANY. N @n 2304/51125
23AUsENOUTRINITRRNOINANSTIATNANuALluTE UUAIRea wundu 4 du laun

n15Wan (production) 150U (compression) N15ad3dayQ 8 (transmission) wazN155U
deygyeu (reception) AN

2 3 NMsesnaINAnsTiALAAfiuAulusTUURAINOA

PRODUCTION| |HEADEND| | ((<c TRANSMISSION 7)) 4K RECEIVER

o
|

o
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n15uan (Production)

'
v A ¥ U

Tui 8 Surnaw 2565 An1sUseguTINgEniIng dlnau nany. lugruggindugua
a.an. luguzdliuinsiassine fuangunsaleenenieuaziadosiulngiie Ingdmun
sUnuudyananmdmivesneiniasomalulad ak ieldidunuimislunimaaes
R FREt LR PATRIG R TRTRI! Tﬁié’fé’fmiwﬁmﬁmmmim%’uﬁ’ugﬂLLUULLaz@mmwmm
Fyaraunmitdeanis lagldmlanisnaasu3ns UHD MUUAVBIAULNTIUAITAAUALE

DVB 1HulkuIng fis1eastdensanisns

M5 16 JULUUdy i vualilinaaesesnainie

UHD Phase 1
Popular aK
Resolution 3840 x 2160
Scan Progressive
Frame Rate 50 fps
Bit Depth 10
Color Space ITU-T BT.709 [ITU-T BT.2020]
Dynamic Range HDR (HLG)
Chroma Subsampling 4:2:0

W99NFUNUNINVB L LB NHAN LN DDBNDNARNULATIUEINSALA ANUA LT

A

szuuidnealagiu diulvglinssiugiuuudyauniniinvuadisiy Fainsuaatulng

= ° s o
L‘WEﬂsﬂ‘Uﬂqi‘WﬂaaﬂLLa%aaﬂEﬂﬂ’]ﬂ F3UUIU 20 IWﬁ NEULLUUﬁm@WﬂJﬂWWWWN@W?WQ

o a
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Folua sULUY

Resolution: 3840 x 2160p

Frame rate: 50 frames

7( Chroma subsampling: 4:2:2

Thal PBS Bit depth: 10 bits

NRATITIND A
TnsAALnAEIELS: 1 4K KA Uitra High Detinition

4K

[PEI el EEE A Pramnehs el mied

Color primaries: BT.709
Transfer function: BT.709

Thai PBS 4K Promote Trial.mxf

Resolution: 3840 x 2160p
Frame rate: 50 frames
Chroma subsampling: 4:2:2
Bit depth: 10 bits

Color primaries: BT.709
Transfer function: BT.709

Resolution: 3840 x 2160p
Frame rate: 50 frames
Chroma subsampling: 4:2:0
Bit depth: 8 bits

Color primaries: n/a

O B Transfer function: n/a
Playl2 THAIPBS_Drone: S0p.mxf %

THAIPBS Drone 4K V3 50p.mxf

Resolution: 3840 x 2160p
Frame rate: 50 frames
Chroma subsampling: 4:2:2
Bit depth: 10 bits

Color primaries: n/a

Transfer function: n/a

Flaydd THAIPBS-KARCIA BT 709 nig

THAIPBS _KAPOW BT.709.mxf

o

AUNIAINTTU &.a.N.
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Resolution: 3840 x 2160p
Frame rate: 50 frames
Chroma subsampling: 4:2:2
Bit depth: 10 bits

Color primaries: BT.709
Transfer function: BT.709

Resolution: 3840 x 2160p
Frame rate: 50 frames
Chroma subsampling: 4:2:2
Bit depth: 10 bits

A Color primaries: BT.709
Transfer function: BT.709

Resolution: 3840 x 2160p
Frame rate: 50 frames
Chroma subsampling: 4:2:2
Bit depth: 8 bits

Color primaries: BT.2020
Transfer function: BT.709

Resolution: 3840 x 2160p
Frame rate: 50 frames
Chroma subsampling: 4:2:2
Bit depth: 10 bits

Color primaries: BT.709

= M gt Transfer function: BT.709

venice prd22hqg 50 UHD Imin.mxf

o

AUNIAINTTU &.a.N.
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Resolution: 3840 x 2160p
Frame rate: 50 frames
Chroma subsampling: 4:2:2
Bit depth: 10 bits

Color primaries: BT.709
Transfer function: BT.709

RUGBY xavciClass300 50.mxf

Resolution: 3840 x 2160p
Frame rate: 50 frames
Chroma subsampling: 4:2:2
Bit depth: 10 bits

Color primaries: BT.709
Transfer function: BT.709

Flawd5 12 rapters, 50 pr

Resolution: 3840 x 2160p
Frame rate: 50 frames
Chroma subsampling: 4:2:2
Bit depth: 10 bits

Color primaries: BT.709
Transfer function: BT.709

Resolution: 3840 x 2160p
Frame rate: 50 frames
Chroma subsampling: 4:2:2
Bit depth: 10 bits

Color primaries: BT.709

Transfer function: BT.709

Movie Thai PBS _ 00010699-UHDA4K.mxf

o

AUNIAINTTU &.a.N.
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Resolution: 3840 x 2160p
Frame rate: 50 frames
Chroma subsampling: 4:2:2
Bit depth: 10 bits

Color primaries: BT.709

AL ST

Transfer function: BT.709

Play1%_Movie_Thai PBSS 100 07 DO-LIH D4 mxf

Movie Thai PBS ~ 00010700-UHD4K.mxf

Resolution: 3840 x 2160p
Frame rate: 50 frames
Chroma subsampling: 4:2:2
Bit depth: 10 bits

Color primaries: BT.2020

Transfer function: HLG
Flay21 H.mxi

H.mxf

Resolution: 3840 x 2160p
Frame rate: 50 frames
Chroma subsampling: 4:2:2
Bit depth: 10 bits

Color primaries: BT.2020

Transfer function: HLG

Blayee A=

T.mxf

Resolution: 3840 x 2160p
Frame rate: 50 frames
Chroma subsampling: 4:2:2
Bit depth: 10 bits

Color primaries: BT.2020

Transfer function: HLG

Play23 J.mxf

J.mxf

AUNIAINTTU &.a.N.



M58 17 enuarsuuuudyaunnitliveastesnainia (de)

Resolution: 3840 x 2160p
Frame rate: 50 frames
Chroma subsampling: 4:2:2
Bit depth: 10 bits

Color primaries: BT.2020

Transfer function: HLG

Flay2d aMmxf

Resolution: 3840 x 2160p
Frame rate: 50 frames
Chroma subsampling: 4:2:2
Bit depth: 10 bits

Color primaries: BT.2020

Transfer function: HLG

Fr
Play25 5.mxf

S.mxf

Resolution: 3840 x 2160p
Frame rate: 50 frames
Chroma subsampling: 4:2:2
Bit depth: 10 bits

Color primaries: BT.2020

Transfer function: HLG

Play25 8 mxf

Q.mxf

Resolution: 3840 x 2160p
Frame rate: 50 frames

Chroma subsampling: 4:2:2

-
kil

Bit depth: 10 bits

S
" o

By

Color primaries: BT.709
Transfer function: BT.709

Flav28 Mindtraveller Music Video TPES 709.mxf

Mindtraveller Music Video TPBS 709.mxf

ANUNIFINTTU d.8.9.
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A150U9a (Compression)

naidrswadyainnim (video coding) MifiA1uaziden (resolution) 3,840x2,160
WUU progressive (2160p) @1%5UUIN1S UHD Tagldnisidnsianie High Efficiency Video
Coding (HEVC) ma1anmsgu ISO/IEC 23008-2 %38 H.265 A1uN1m5g U ITU-T H.265 §In13
wisTusIndnmsuuuudyanunmidesnsdngda Tnofmualildlusing Main 10 wagld

Main Tier Nialnvaaksiay Level S18a2L880RIRN51

AN579 18 Binwed Tier wag Level d5U Main 10 Profile

Level Max luma Max luma Main Tier

sample size sample rate Max. bit rate Min. compression

(samples) (samples/s) (Kbits/s) ratio

1 36 864 552 960 128 2
2 122 880 3 686 400 1 500 2
2.1 245 760 7 372 800 3 000 2
3 552 960 16 588 800 6 000 2
3.1 983 040 33 177 600 10 000 2
4 2228 224 66 846 720 12 000 4
4.1 2 228 224 133 693 440 20 000 4
5 8 912 896 267 386 880 25 000 6
5.1 8912 896 534 773 760 40 000 8
5.2 8912 896 1 069 547 520 60 000 8
6 35 651 584 1 069 547 520 60 000 8
6.1 35 651 584 2 139 095 040 120 000 8
6.2 35 651 584 4 278 190 080 240 000 6

ngUkuLdy I ndmiveenenialnsiiadaaiudulussuuaineanie

wialulad 4K 913du FJavunauanvaerIN SN SEdyg 1NN J51882188nRIN1519

AUNIAINTTU &.a.N.
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M1TN 19 AENYUEYRINSISHA By IN N

UHD Phase 1
Video Coding HEVC
Profile Main 10
Bit Depth 10
Tier Main
Max bit rate 40 000 kbit/s
Level 5.1

n13eedsysyId (Transmission)

HagtulasstelnsviminefiuAuluszuuiineares a.an. Mvuadmineiile
Tunsdsdyaralnsiad mmLmewﬁﬁaﬁﬁﬁUmﬂﬁu’%mﬂmﬁﬂﬁmﬂ‘ﬁuﬁu’tuszuu
Adnea aduuSuuse w.a. 2560 Invinlag d1iinimInssunazinalulagnszauidesuay

Insidy @19nau nans. 4519aLLdenfInnsd

M5 20 ANSITREINNTANFYIMTEUU DVB-T2 lAsedng d.a.mn. Jagiu

WIRO3 A1
FFT size 16k extended
Guard Interval 19/128
Modulation 640AM
Code Rate 3/5
Pilot Pattern PP2
Rotated Constellation Off
Physical Layer Pipe (PLP) Single
L1-Post Constellation BPSK
# T2 Frame per Super Frame 2
# Data Symbol per T2 Frame (symbols) 118
# Max FEC block per interleaving Frame (blocks) 139
# Time Interleaving Block per Interleaving Frame (blocks) 3

aansldnmsfimesfitvun

Max. Multiplex Capacity 21.93 Mbps
Time Interleaving Depth 829 ms

o a

AUNIAINTTU &.a.N.
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M5 20 ANNTITREINNTAFYIMTEUU DVB-T2 lasedng d.a.n. Jagtu (o)

C/N Fixed Rooftop 15.17 dB
C/N Portable Indoor 16.91 dB
eI ARG NG RGN 79.74 km

2 5 TAssas1anlsy T2 dmsu 16K Ext., 19/128, 64-QAM, 3/5, PP2

DVB-T2 frame structure UHD (4K)

Parameters
T2 Super Frame === mm=mm=-————— SeperFrame St Prond Sapei Finr Bunchidiic 6 88
g i Bancwidth

- | T img M5 = 127.75 shwith FEF| | Guardimberval: 197128
| | WiskiTSE » 6375 sino FEF] | Saimdleterval diraor 255 i

i
P Tiframe TiFrame Tafsame TaFrame L) Menbiien PN
S o m t " " s e 11 Cock Rame 12

(767 Cell” S
= L1 Sk (PP 1840 + 1500 = TH0 Colls
s —  EAEAEARAEARREA |
Symbol0 Syl 1 Symbod 2 Symbald Symbal & Ldats 118 o
2

1214152 Cell Frames poc

'N}'IN_I'I'I'FN'IE' 22 D0FAG Mbpe:

nmuup .
078 %

T2 M emcagmaskston overhed

TOTAL BN TRATE inchuding T2-M over T5
mncagmaitain 77 SASTE Mgn

T208 o 15 oncapmulateon overhead 2 THM %

i 1 L T
R g

o 5 — ,,,..,,—-um|

L e e -mmc| liﬂﬂ'|m|mu=muwupm~h

FECFrame ===m==m R ——

el =] ) M=) =] N
-— - 503 8065

11597900 U LAY
nanv. laviasAnwanudululalunismeasswsenaaeuniseonainidlnsvied
meiuiuluszuuRineamemalulad ak Tuuszmdlne Tud we. 2563 IneUsyidiuang
Wuldlelunsesnenniedu 3 asdl loun
1. mMseeneMAvUlATIUIBLALLUY Single PLP
npassoeneInIafAimefdsdygayadagiu lnsendeninginsid
wdooeAnlfiAnyszlovigeiian anmnuguesiadimdndgegauesszuuiviniy 21.93 Mbps

Taganunsndnassiafwandls 3 ¥uasn s19azBennIUAI1

ANUNIFINTTU d.8.9.
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DVB-T2 Parameters:

Total Bit Rate

16K ext., Gl 19/128, PP2, 64QAM, CR 3/5, 21.93 Mbps
L1 Post: BPSK, Tl Depth 82.9 ms Option 1 | Option 2 | Option 3

Number of SD Channels 2 - 1

Number of HD Channels - 1 1

Number of UHD Channels 1 1 1

Total Channels 3 2 3

Bandwidth Allocation Bit Rate (kbps)

Video Bit Rate (CBR) 19000 20000 22000
SD = 2.0 Mbps 4000 - 2000
HD = 5.0 Mbps - 5000 5000
UHD = 15.0 Mbps 15000 15000 15000

Audio Bit Rate (2 track @70 kbps/channel) 420 280 420

Audio Description (1 track @35 kbps/channel) 105 70 105

Subtitle (@100 kbps/channel) 300 200 300

Sl
- EIT / EPG (@200 kbps/mux) 200 200 200
- PMT (@25.75 kbps/channel) 77.25 51.50 77.25
- Others (@64 kbps) 64 64 64

Total Bandwidth Allocation 20166.25 | 20865.50 | 23166.25

Reserve for SSU and Others 1763.75 1064.50 | -1236.25*

KU8LIEG)

* yadend 3 ldauisadnassiadinandsessunisdnassonsndnvesdygiunin

wuUAIL BnIUNSANFYUIUAINYBITOIT18NITUINTFIUANUANTAUNA |aTUINTFIY

AnuAudags gnidsiaslsimaluled High Effective Video Codec (HEVC) Wuldgnfiutes

i’]&lﬂ?iLLUUﬂ’JWNﬂN%@QQQQ

ae19lsAmu N153RassonIdnvesiafmandiiolraiunsaliusnisieesenIskuy

ANUANTAZaBe (UHD) vulaseinglduuuy Single PLP 713 3 maiden laliitganasiadnuiug

Trusnsinsviadluseuufanealuaumg

2. N1998N0INIAVUIATIVIELANLUY Multiple PLP

AUNIAINTTU &.a.N.
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\esaindedrfnlunisisardoyauinisvesgunsal inlilianunsodiiunsg
naaadlusukuy Multiple PLP sngwisiiinesdsdyyrayadagduly PLPO dmiudes
578115 SD wag HD uagaensimesdsdayyraualvidly PLP1 dsudedsnenis UHD
(@K) 1ot

3, msldaduanudlviviiesiiunisuulassngln
msdenyanisfimeslunisdsdyaulasldaduanudlviviodiiunisuu
Taswelvyl fvumnaslunsden sl
1. tnausinantosfiu (Guard time) shemsidenmniiwesiielslsdasdoyaves

Fosdryeyaadu uazlvimartdesiuingu 266 ps Wudgriulasainedagdu

#1579 22 nandesiuusaisiay FFT size way GIF dwsutesdgeia 8 MHz (Muae: us)

Guard Interval Fraction (GIF)
FFT size

1/128 1/32 1/16 19/256 1/8 19/128 1/4
2K n/a 7 14 n/a 28 n/a 56
4K n/a 14 28 n/a 56 n/a 112
8K 7 28 56 66.5 112 133 224
16K 14 56 112 133 224 266 448
32K 28 112 224 266 448 532 n/a

1INAITI FIANUA FFT size WU 32K way GIF iy 19/256 Livalilaaiian

UpaAuinnu 266us

A1319 23 Pilot Pattern waausias FFT size Way GIF d1m5un1siudyginiuwuy SISO

Guard Interval Fraction (GIF)
FFT size
1/128 1/32 1/16 19/256 1/8 19/128 1/4
PP7 PP4 PP2
2K n/a n/a n/a PP1
PP4 PP5 PP3
PP7 PP4 PP2
4K n/a n/a n/a PP1
PP4 PP5 PP3
PP8 PP8 PP2 PP2
PP7 PP1
8K PP7 PP4 pPp4 PP3 PP3
PP4 PP8
PP5 PP5 PP8 PP8

AUNIAINTTU &.a.N.
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A1319 23 Pilot Pattern waausias FFT size way GIF dmsun1sudygiaiuwuu SISO (sa)

PP2 PP2
PP7 PP2 PP2
PP8 PP8 PP1
16K PP7 PP4 PP3 PP3
PP4 PP4 PP8
PP6 PP8 PP8
PP5 PP5
PP2 PP2
PP4 PP2 PP2
32K PP7 PP8 PP8 n/a
PP6 PP8 PP8
PP4 PP4

1NM15719 AN FFT size w910 U 32K wag GIF 111U 19/256 @1u1sasaen Pilot

Pattern 16 3 sUuuuy lawn PP2, PP8, way PP4

M99 24 ANUVBIYRIAYY I 8 MHz d WU FFT 32K uae GIF 19/256 (iie: Mbps)

Modulation | Code rate PP2 PP4 PP6 PP8
1/2 19.6 20.5 20.9 211
3/5 23.6 24.6 251 25.4
2/3 26.2 27.4 28.0 28.3
64-QAM
3/4 29.5 30.8 315 31.8
4/5 31.5 32.9 33.6 33.9
5/6 32.8 34.3 35.0 35.4
1/2 26.2 27.4 27.9 28.2
3/5 31.5 32.9 33.6 33.9
2/3 35.0 36.6 37.4 37.8
256-QAM
3/4 39.4 41.2 42.0 42.5
4/5 42.0 43.9 44.9 45.3
5/6 43.8 45.8 46.8 47.3

1NATANUYYBIYR YY1 8 MHz d sy FFT 32K uag GIF 19/256 1den
Modulation L 256-QAM titel¥dosdaynyiauiiniugganin 64-QAM Ineil code rate &3

WINAU 3/5

AUNIAINTTU &.a.N.
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INAIN51T08S FFT size, GIF wag Modulation Mdanldlunisnaass wielile
dnsvoyavestesdyyinaiduiazaniattesiuliniadu 266 ps awnsadludruiam

AM5TMa5UMETUSENSY DVB Calculator laKan1sALIUGAININ

AN 6 ANUIVBIYBIAYEY U 8 MHz, 32K Ext., 19/256, 256-QAM, 3/5, PP2

General Frame
PLPs num:  Aux num:
Bw: |8MHz | [V £ #Frames per 2 #Data symbs: 631 x
: Ext  superframe: 1 0
= -32K -
= 19/266 L1 PresPost- 1840 + 1500= 3340 L1 Repetition FER
Guard: = Max bitrate
L1 mod: |BPSK  ~ #PLP Cells: 1.620.000 Data symbs: 63
Pilot: #Dummy Cells: 48 dEr’:t’I':; FEC Blocks: 200
;. - i - 31.476628
PO Frame size: 1.623.388 0.247 ¢ Bitrate: (Mb/s)
MISO: (SISO ~ Superframe 49325 me 2254843 7 Bitrate: (Mbls) 31.476628

duration:

PLP Settings
Frame

IL
Modulation:  Code: FEC: HEM  ILType: Length: Interval: Blocks: Show other
256QAM ~| (36 ~| (84K ~| [ 0 3k 1 2008 parameters:

)

PNAINUEAINANITAIUIUUDY DVB-T2 Tutiosdye1ad 8 MHz Anualvdlulvung
32K Extended GIF 111U 19/256 Pilot pattern PP2 Anuun Single PLP A28 Modulation
256-QAM Wag Code rate 3/5 5895U8m510ngeanwitiy 31.477 Mops ledmun T2 data

symbol 11U 63 symbols ag FEC block iU 200 blocks

o a

AUNIAINTTU &.a.N.
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AN 7 1AseEs 1Sy T2 @msu 32K Ext., 19/256, 256-QAM, 3/5, PP2

DVB-T2 frame structure UHD (4K)

DT R S S Pr—— Saret Frame | il Fonchmath 5 MY

T MasTSE = 137,75 sfwith 66| | Gusrdinteret
M TSF = 63.75 sl FEF] Guswel Intarved duenbon: 766

il fo T
= Tiframe Tiframe T1fieme Ly
S —— T T [=F
— “Em#'f.

FEC Framn -------:‘-----"--""-s

T2-MI Packets ----I

PNANUAAINANITAIUINVDS DVB-T2 Tutosdyaias 8 MHz Anuslidslulvun

32K Extended GIF 1vinfiu 19/256 Pilot pattern PP4 finnua Single PLP ¢98 Modulation

256-QAM Wag Code rate 3/5 5993U8m51Tngeanvitiy 32.816 Mops Liledmun T2 data

symbol 11U 61 symbols wag FEC block 111U 202 blocks

o

AUnIAINTIU d.a.n.
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AN 9 TASES1NSH T2 @S 32K Ext., 19/256, 256-QAM, 3/5, PP4

DVB-T2 frame structure UHD (4K)

T2 Super Frame === === mmmm - Sper brame. Sup Frume § il Elancnaic 8 M-

.I"'--M5=I2’L7$MFE‘} Guard Inbervak
M TSF = 63.75 sfna FEF] Guswel Intarvel duenlon: 266w

g | Flegh
LT Meddebor: FPSK
EN— =T~ = Wl |
una:mm

o

PNANULAAINANITAIUINVDY DVB-T2 Tutosdyeyras 8 MHz Amnuslidslulvun

32K Extended GIF 1vnfiu 19/256 Pilot pattern PP8 finua Single PLP ¢98 Modulation
256-QAM Wag Code rate 3/5 5895u8ms1Tngeanvitiy 33.861 Mops Lledmun T2 data

symbol 111U 57 symbols kag FEC block wifiu 195 blocks

o

AUnIAINTIU d.a.n.
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A 11 Iaseas1anlsy T2 @msu 32K Ext., 19/256, 256-QAM, 3/5, PP8

DVB-T2 frame structure UHD (4K) e

DT R S S Pr—— Saret Frame | il Fonchmath 5 MY

) w--— T targeh B U MaTSE = 127,75 swith FEF]
i —-I Wi TSF = 63,75 3[o0 FEF] Gutzwel Intervnl chuesbons 66 11

= Tiframe Tiframe Tifreme LT Meddsbor: FPSK
L 0 T —————— o % . rr L1 ot Rater 12
.. — L1 FEC Typur Nesmad
- SIS

2. \nu9idnI1Ueya (Data rate) lngidonnisilines FFT size, Pilot Pattern uay
GIF #lidns1veyavesdosdyyragedmiunisiudygralnsiiaduuuagivi (Fixed
reception) 1ty aunsairluaunamamsimesdunielusunsu DVB Calculator uay

NANISATUIAININ

AN 12 ANYVDIYRIY I 8 MHz, 32K Ext., 1/128, 256-QAM, 1/2, PP7

o

AUnIAINTIU d.a.n.
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PNAINLAAINANITAIUIUUDY DVB-T2 Tutiesdyeyrad 8 MHz Anualwdsluluun
32K Extended GIF 1¥1iU 1/128 Pilot pattern PP7 finvium Single PLP $78 Modulation
256-QAM Wag Code rate 1/2 5993U8m510ngeanwviiiy 30.087 Mops Liledmun T2 data

symbol AU 67 symbols wag FEC block 11y 229 blocks

AN 13 1ASeas 1Sy T2 @S 32K Ext., 1/128, 256-QAM, 1/2, PP7

DVB-T2 frame structure UHD (4K) e

DT R S S Pr—— Saret Frame il Fonchath 5 MY

T MaTSF = 127.75 swith £EF| | Guardintervet: 1128
M TSF = 63.75 sl FEF] Guwel Intarved duenton: 78

AR | Flngh
“— T T T [eer
— L1 FEC Typa: Nesmal

i i T . T

FEC Framn -------:‘-----"--""-s -

T2-MI Packets ----I

i 1840 + 1500= 3340
:',.- 1,854,900

o

AUnIAINTIU d.a.n.
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PNAINLAAINANITAIUIUVDY DVB-T2 Tutiesdyeyiad 8 MHz Anunalwdsluluun
32K Extended GIF 1¥1iU 1/128 Pilot pattern PP7 finvium Single PLP $78 Modulation
256-QAM Wag Code rate 3/5 993U8M51Tng9aAWINAY 36.156 Mops Lileimun T2 data

symbol AU 67 symbols wag FEC block 11y 229 blocks

2 15 lassasnansu T2 @Sy 32K Ext., 1/128, 256-QAM, 3/5, PP7

DVB-T2 frame structure UHD (4K)

T2 Super Frame === === == Seper Frame St Frame ! Sepet frame Bt 8 M-
e ¥ Bardwndh

i | Ariumes T MaeTSF= 127,75 slwith £EF] | Guordintervat
| MiuccTSE = 6375 sno Fer] | Sumintarel corabor: 28 us

= Tiframe Tiframe T1fieme [8]
S — =T =T = N =

FECFrame === ==mmmmmm—mmmmmes

T2:MI Packets ----l L1 Eursert

+- 1840 + 1500= 3340

Is- 1,854,900

o

AUnIAINTIU d.a.n.
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PNAINLAAINANITAIUIUVDY DVB-T2 Tutiosdyeyrad 8 MHz Anualwdsluluun
32K Extended GIF 111U 1/128 Pilot pattern PP7 finvium Single PLP $78 Modulation
256-QAM Wag Code rate 2/3 5993U8m510ngeaAiAy 40.231 Mops Liledmun T2 data

symbol AU 67 symbols wag FEC block 11y 229 blocks

AN 17 TAseas1ansy T2 @msu 32K Ext., 1/128, 256-QAM, 2/3, PP7

DVB-T2 frame structure UHD (4K)

T2 Super Frame === === == Seper Frame St Frame ! Sepet frame Bt 8 M-
T e Bandwdh

N i i g L paTSE = 127,75 dwith FEF] | Gudistervat
| MiuccTSE = 6375 sno Fer] | Sumintarel corabor: 28 us

= Tiframe Tiframe Tifreme [8)
“— C= =T = = m & |
o L1 FE Tyom: Mo

TOTAL ETRATE: 40 231243

Mops
2 TAE Mg
T M encagraskion over bt 0242 %
TOTAL B TRATE nchuding T2-M ovor TS
encagmuibacn 41 205167 My
T2M owr 15 encapsutation overhead: 2 T/ %

FECFrame === ==mmmmmm—mmmmmes

T2:MI Packets ----l L1 Eursert

+- 1840 + 1500= 3340

Is- 1,854,900

-

o

AUnIAINTIU d.a.n.
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PNAINLAAINANITAIUIUVDY DVB-T2 Tutiosdyeyrad 8 MHz Anualwdsluluun
32K Extended GIF 1¥i1iU 1/128 Pilot pattern PP7 finvium Single PLP $78 Modulation
256-QAM Wag Code rate 3/4 5933U8m51TngeaAWNAU 45258 Mops Lileimun T2 data

symbol AU 67 symbols wag FEC block 11y 229 blocks

AN 19 TAseas1ansy T2 @S 32K Ext., 1/128, 256-QAM, 3/4, PP7

DVB-T2 frame structure UHD (4K)

T2 Super Frame === === == Seper Frame St Frame ! Sepet frame Bt 8 M-
T e Bandwdh

N i i g L paTSE = 127,75 dwith FEF] | Gudistervat
| MiuccTSE = 6375 sno Fer] | Sumintarel corabor: 28 us

= Tiframe Tiframe T1fieme [8]
S—— I i [
= L1 FEC Ty Meornal

FECFrame === ==mmmmmm—mmmmmes

T2:MI Packets ----l L1 Eursert

+- 1840 + 1500= 3340

Is- 1,854,900

o

AUnIAINTIU d.a.n.
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PNAINLAAINANITAIUIUVDY DVB-T2 Tutiosdyeyrad 8 MHz Anualwdsluluun
32K Extended GIF 1¥1iU 1/128 Pilot pattern PP7 finvium Single PLP $78 Modulation
256-QAM Waz Code rate 4/5 5933U8m51TngeaANAU 48.292 Mops Liledmun T2 data

symbol AU 67 symbols wag FEC block 11y 229 blocks

A 21 1Aseas1 sy T2 @S 32K Ext., 1/128, 256-QAM, 4/5, PP7

DVB-T2 frame structure UHD (4K)

T2 Super Frame === === == Seper Frame St Frame ! Sepet frame Bt 8 M-
e ¥ Bardwndh

o | Ariumes T MaeTSF= 127,75 slwith £EF] | Guordintervat
| MiuccTSE = 6375 sno Fer] | Sumintarel corabor: 28 us

= Tiframe Tiframe T1fieme [8]
S — =T =T = N =

FECFrame === ==mmmmmm—mmmmmes

T2:MI Packets ----l L1 Eursert

o

AUnIAINTIU d.a.n.
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PNAINLAAINANITAIUIUVDY DVB-T2 Tutiosdyeyrad 8 MHz Anualwdsluluun
32K Extended GIF 1¥1iU 1/128 Pilot pattern PP7 finvium Single PLP $78 Modulation
256-QAM Wag Code rate 5/6 933U8m51TngeaAWnAyY 50345 Mops Lileimun T2 data

symbol 11U 67 symbols wag FEC block 11y 229 blocks

AN 23 1ASEs 1L T2 @S 32K Ext., 1/128, 256-QAM, 4/5, PP7

DVB-T2 frame structure UHD (4K)

T2 Super Frame === ============~ Sepes Frame Sacrei Frame Sape rame Banchiide 8484

+ T
T | FTumgh T MmeTSF = 137,75 dwith FEF] | Guordinterwat 11128
Mi:TSE = 63,75 sfno FEF] Cameelintorvnl durssen 7 s

. [ | | ]

[T T Taframe Tiframs Tifseme ji— LY Moddnbor: BPSK

2 ‘ : o
]“—‘_"l...u.u.. e e 253

e o 15400 ca e
e Dt Ttn Data ) Onta ot Ot L7 Sere (P Posfy 1040 + 1500 = T30 Calts.
s N EAEAEAEAEARS-A |

2247680 Cdl

hesches: 209
TOTAL BTRATE: 50 346243 Mbps
TOTAL
A Mg
T2 M ncegmadistion cverheind 0153 %
TOTAL (TRATE nchuding T2-M ovor T5
ncgsaitatan 51 SI06EE Migs. |
T2-84 over TS5 encapeation overheaxt 2 T4 %

FEC Frame

e | o] coen] o R
- i 503 2065

o

AUnIAINTIU d.a.n.
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52

WIn03 A1
FFT size 32K Extended
Guard Interval 19/256
Modulation 256-QAM
Code Rate 3/5
Pilot Pattern PP2 PP4 PP8
Rotated Constellation Off
Physical Layer Pipe (PLP) Single
L1-Post Constellation BPSK
# T2 Frame per Super Frame (frames) 2
# Data Symbol per T2 Frame (symbols) 63 61 57
# Max FEC block per interleaving Frame (blocks) 200 202 195
# Time Interleaving Block per Interleaving Frame (blocks) 3
Frame Dummy Size (cells) 48 339 24
Guard Interval duration (uS) 266
Max. Multiplex Capacity (Mbps) @ DVB Calculator 315 328 339
Max. Multiplex Capacity (Mbps) @ T2-Gateway 31.3 32.6 33.7
Max. Multiplex Capacity (Mbps) @ MUX" 31.2 325 33.6

dniAInTsu d.a.m.



A3 25 ATl Tvnasdsdy gy

104 4K AUNUNIIaIUeInu (A1)

53

Time Interleaving Depth (ms) 82.6 80.4 74.5
C/N Fixed Rooftop (dB) 19.58 19.18 18.54
C/N Portable Indoor (dB) 21.68 21.28 20.62
JrULINegeanvaaands (km) 79.74

VNBLYAR)

[V
v o A

* anUSusanaunsaleaulrnnum

9

dniAInTsu d.a.m.



M3 26 AT TTlInaaesdsdyy I 4K AR IToya

WIn03 A1
FFT size 32K Extended
Guard Interval 1/128
Modulation 256-QAM
Code Rate 172 3/5 2/3 3/4 a4/5 5/6
Pilot Pattern PP7
Rotated Constellation Off
Physical Layer Pipe (PLP) Single
L1-Post Constellation BPSK
# T2 Frame per Super Frame (frames) 2
# Data Symbol per T2 Frame (symbols) 67
# Max FEC block per interleaving Frame (blocks) 229
# Time Interleaving Block per Interleaving Frame (blocks) a4
Frame Dummy Size (cells) 260
Guard Interval duration (uS) 28
Max. Multiplex Capacity (Mbps) @ DVB Calculator 30.1 36.2 40.2 453 48.3 50.3
Max. Multiplex Capacity (Mbps) @ T2-Gateway 29.9 36.0 40.0 45.0 48.0 50.1
Max. Multiplex Capacity (Mbps) @ MUX 29.8 35.9 39.9 44.9 47.9 50.0

dniAInTsu @.d.9.




A3 26 AN eINlTnaodsdnyey

0 4K ANaueisnsIveLa (fe)

55

Time Interleaving Depth (ms) 62.3
C/N Fixed Rooftop (dB) 16.29 18.44 20.02 22.06 23.56 24.38
C/N Portable Indoor (dB) 18.34 20.52 22.16 24.58 26.67 28.06
JrULINegeanvaaands (km) 8.39

VNBLYAR)

[V
v o A

* anUSusanaunsaleaulrnnum

9

dniAInTsu d.a.m.
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n133udyey1ad (Reception)

o

nssudggrulnsiadaiaiufulussuufinea Usznauaieg 2 daudifey taun

LA

@189107¢ (antenna) kagkAsBISu (receiver)

(Y]

mammﬂﬁ@maﬂwmzdéfaqmsmqmv-wﬁﬂmm AENY. Ud. 4004-2561 HIRTFIUNN

[ o v a

wiatavesawenasudygradmsuiansinsiadaiaiuaulussuuflnea Sduduaug 75

Toviu 1dfuAudingeas 470 - 790 MHz Uug1uAMAgeds (Ultra High Frequency: UHF)

[ [V Y

19n31v8189098189IN1ATUAYYIUA18UBNE1ATS (Outdoor antenna) 848AgINTT 7 dBi
uazdesiimsulsiuvesdnsiveslsitiu + 3 dB vugwuAWAIng 470 - 790 MHz
inesudngadnudnvusidesmamanaiaiiannsafudyyralnsimifdnea
Tusyuu Second Generation Digital Terresstrial Television Broadcasting System (DVB-T2)
qummgmmmm%qﬁa (Ultra High Definition: UHD) luginua21udl 470 — 482 MHz

ANNIYRIFYE U (Band width) 8 MHz Aatautansdayeyrasunau (Noise figure) laitiu

' '
o =

6 dB AaulalunisSudyan (Sensitivity) Jusdivaranuussauiulifirauyasiian

Y 9

(YY) P

793013 0 ASUYIAIANLIsduAY 50% el uwag 50% Baituil vesweq
ATl

AN015008ATTATYYIUAINAIULINTFIU MPEG-H HEVC/H.265 1SO/IEC 23008-2
'ﬁaa%’umiu,ammammﬂu%’mqq?qumamﬁam 3840x2160 WU progressive (2160p) 11
993 1WIH (frame rate) 50 LWTUABIUNT 5035UNT5Y19EFUUU Wide Color Gamut (WCG)
ALNIMT3IU ITU-R BT.2020 71 10 bit depth wazdifladdunisarelou (transfer function)
WUV HLG wagdnsndiunn (aspect ratio) 16:9 @1115000n TR IUALILUY 2 Yo3deS
(Stereo) WUy MPEG-4 HE-AAC v2 anuunsgnu ISO/IEC 14496-3

mi%’uéﬁyiymﬁuaqLﬂ%q%’uiuimumamé?&mammmwé’am (Fixed rooftop) fiA21u
34 10 lms senemamemilnesidvualililunismaass luves 22 aud 482 MHz
mamqmﬁuﬁ 95 Wasiiud IfaunansdyInsunuvenaiosiu (Receiver noise figure)

[

6 dB NM3UTENIUAIAUNUIMUNTRINGENGIGRgR T51uasiBundiinisng

o a

AUNIAINTTU &.a.N.



M13719 27 ANNTITMOIURINTTUd I 4K vulasetedagiu

57

wsiines foyanwal | W A
FFT size - - 16K Extended
Guard Interval - - 19/128
Modulation - - 64-QAM
Code Rate - - 3/5
Pilot Pattern - - PP2
Based frequency f MHz 650
Min. C/N required by system N dB 15.17
Receiver noise figure F dB 6
Equivalent noise bandwidth B MHz 777
Receiver noise input power P, dBW -129.07
Min. receiver signal input power Ps min dBW -113.90
Min. equivalent receiver input voltage, 75 ohms Umin dBpv 24.85
Feeder loss L dB 4
Antenna gain relative to half dipole Gy dB 11
Effective antenna aperture A, dB m? -4.57
Power flux density at receiving location d,.n | dBW/m? -105.33
Min. equivalent field strength at receiving location Erin dBuV/m 40.47

dniAInTsu d.a.m.
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58

wsiines foyanwal | W A
Allowance for man-made noise Pramn dB 0
Heigth above ground level (a.g.l.) of receiveing location - m 10
Height loss from 10 m to 1.5 m Ly dB 0
Building penetration loss Lp dB 0
Standard deviation of the penetration loss - db 0
Location percentage requirement - % 95
Distribution factor K - 1.64
Standard deviation c - 55
Location correction factor G dB 9.02
Min. median power flux density at reception height; D eg | dBW/m? -96.31
50% time and 50% location
Min. median equivalent field strength at reception height; Emed | dBUV/m 49.49
50% time and 50% location
Channel frequency f) MHz 482.00
Min. median power flux density at channel frequency FS, dBuv 46.89

dniAInTsu d.a.m.
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59

wsiines foyanwal | W A
FFT size - - 32K Extended
Guard Interval - - 19/256
Modulation - - 256-QAM
Code Rate - - 3/5
Pilot Pattern - - PP2 PP4 PP8
Based frequency f MHz 650
Min. C/N required by system N dB 19.58 19.18 18.54
Receiver noise figure F dB 6 6 6
Equivalent noise bandwidth B MHz 1777 777 777
Receiver noise input power P, dBW -129.07 -129.07 -129.07
Min. receiver signal input power Ps min dBW -109.49 -109.89 -110.53
Min. equivalent receiver input voltage, 75 ohms Umin dBpv 29.26 28.86 28.22
Feeder loss L dB 4 4 4
Antenna gain relative to half dipole C dB 11 11 11
Effective antenna aperture A, dB m? -4.57 -4.57 -4.57
Power flux density at receiving location d,.n | dBW/m? -100.92 -101.32 -101.96
Min. equivalent field strength at receiving location Erin dBuV/m 44.88 44.48 43.84

dniAInTsu d.a.m.
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wsiines foyanwal | W A
Allowance for man-made noise Pramn dB 0 0 0
Heigth above ground level (a.g.l.) of receiveing location - m 10 10 10
Height loss from 10 m to 1.5 m Ly dB 0 0 0
Building penetration loss Lp dB 0 0 0
Standard deviation of the penetration loss - db 0 0 0
Location percentage requirement - % 95 95 95
Distribution factor K - 1.64 1.64 1.64
Standard deviation c - 55 55 55
Location correction factor G dB 9.02 9.02 9.02
Min. median power flux density at reception height; D eg | dBW/m? -91.90 -92.30 -92.94
50% time and 50% location
Min. median equivalent field strength at reception height; Emed | dBUV/m 53.90 53.50 52.86
50% time and 50% location
Channel frequency f) MHz 482 482 482
Min. median power flux density at channel frequency FS, dBuv 51.30 50.90 50.26

dniAInTsu d.a.m.
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wsiines foyanwal | W A
FFT size - - 32K Extended
Guard Interval - - 1/128
Modulation - - 256-QAM
Code Rate - - 1/2 3/5 2/3 3/4 a/5 5/6
Pilot Pattern - - PPT
Based frequency f MHz 650
Min. C/N required by system N dB 16.29 18.44 20.02 22.06 23.56 24.38
Receiver noise figure F dB 6 6 6 6 6 6
Equivalent noise bandwidth B MHz 777 7.7 777 707 7.7 777
Receiver noise input power P, dBW -129.07 | -129.07 | -129.07 | -129.07 | -129.07 | -129.07
Min. receiver signal input power Ps min dBwW -112.78 | -110.63 | -109.05 | -107.01 | -105.51 | -104.69
Min. equivalent receiver input voltage, 75 ohms Umin dBpv 2597 28.12 29.70 31.74 33.24 34.06
Feeder loss L dB 4 4 4 4 4 4
Antenna gain relative to half dipole C dB 11 11 11 11 11 11
Effective antenna aperture A, dB m? -4.57 -4.57 -4.57 -4.57 -4.57 -4.57
Power flux density at receiving location ®,., | dBW/m? | -104.21 | -102.06 | -100.48 | -98.44 -96.94 -96.12
Min. equivalent field strength at receiving location Erin dBuV/m | 41.59 43.74 45.32 47.36 48.86 49.68

dniAInTsu d.a.m.
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62

wsiines dydnwal | wie A
Allowance for man-made noise Pramn dB 0 0 0 0 0 0
Heigth above ground level (a.g.l.) of receiveing location - m 10 10 10 10 10 10
Height loss from 10 m to 1.5 m Ly dB 0 0 0 0 0 0
Building penetration loss Lp dB 0 0 0 0 0 0
Standard deviation of the penetration loss - db 0 0 0 0 0 0
Location percentage requirement - % 95 95 95 95 95 95
Distribution factor K - 1.64 1.64 1.64 1.64 1.64 1.64
Standard deviation c - 55 55 55 55 55 55
Location correction factor G dB 9.02 9.02 9.02 9.02 9.02 9.02
Min. median power flux density at reception height; D, og | dBW/m? | -95.19 -93.04 -91.46 -89.42 -87.92 -87.10
50% time and 50% location
Min. median equivalent field strength at reception height; Emed dBuV/m | 50.61 52.76 54.34 56.38 57.88 58.70
50% time and 50% location
Channel frequency f) MHz 482 482 482 482 482 482
Min. median power flux density at channel frequency FS, dBuv 48.01 50.16 51.74 53.78 55.28 56.10

dniAInTsu d.a.m.
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M1519 30 Yayaannineassdedayaalnsviad 4K over DVB-T2

{GHE A1
anddsdyeralnsvial NFANN
N 22
ANA (MH2) 478-486
fiovs a.ay. dawinaulug
Fiua / BN AANNUIYU
9ND / LUA wdna
Latitude 13.86688
Longitude 100.5744
Average/Ground Level (m) 10
Tower/Mast Height (m) a0
Effective Height (m) 50
Tower Self-Support

Antenna System

Omnidirectional

Antenna Pattern Omni
Beam Tilt (degree) 1.5

Null Fill (%) > 30
Transmission Line Type 7/8"
Design Power Rating (W) 400
Maximum Input Power Rating (kW) 5

Main Feeder Loss (dB) @130 m 3.49
Filter Loss 0.21

o a

AUNIAINTTU &.a.N.



64

M3 30 Yoyaantinaaesdadayaalnsiial 4K over DVB-T2 (si0)

Toya AN
Other Loss 0.2
Antenna Gain (dB) 5.76
Antenna System Gain (dB) 1.86
Transmitter Power (W) 500
ERP (W) 767

(% o

nsAnsgunIalkarsyuuretandsdyan aan. dinanulug Aldlunmaass

99n8177 UHDTV Usenaumnie Headend Lasesadlnsvial ansidyain uagangeinie

9¥UU Headend
5¥UU Headend Usgnauniy 3 @audiney lawn Encoder Multiplexer wag Network
Management System @sszuuiildlunisnaaesdsdayaios UHDTV lasuanueyaseiain

PN Y ¢ o w

U3EW Infiuest Buangiunt 91 Tugusdunudminendnduel Harmonic Whgunsaldn

U
¥

IUNTNAADI Aa

Encoder

Encoder ?jﬁa Harmonic $895U UHD %a X0S 19 Advanced Media Processor hu

v o =

nsUudndyaaunmLazides nadanyaenanatdaniunaxuIn

AN 24 XOS Harmonic Encoder

X0S ADVANCED MEDIA PROCESSOR

Multiplexer
Multiplexer 8%® Harmonic &8 ProStream X vintinfdafnwanddyyiu 505U
FeyeyraugUkuY SD, HD ae UHD uagn1sidnswauuy MPEG-2, MPEG-4 AVC uag HEVC 3

ﬂmaﬂiﬂm%‘ﬂ’]ﬂLﬂﬂﬁﬂﬁl’]llﬂ’]ﬂmuﬁﬂ
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AN 25 ProStream X — Harmonic Multiplexer

rarmznis

OSTUAT K

Network Management System
Network Management System 8% Harmonic &8 NMX d13udnnsiaznsiaasy
N13AIAINISITLARYT U N15UN99E warn1TUSUSRTIToYA LaARIANIUEYRIUINITIAY

8’]%6]&’3% FIMNNTUTUADUN AASN¥UEUNATANIUAIAKNLIN

9

NN 26 Harmonic NMX uu Laptop

ASaYEs InsnAY
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AW 27 1A303d4 Tredess $u MP-600W
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AnFLUUANIaNaInes (bandpass filter) 8% e Spinner NUTBLATNISN (part

number) BN 616663C1031 dAnanuaemanailanunianun

NN 28 Spinner Bandpass Filter PN BN 616663C1031

MsUsuRITlawmesisnuasdennIunisIa

A 29 Return loss Jasilawmas 909 22 9 482 MHz

0541 PM
216127100

S11 dBMag SdB/Rel0dE Calint 2w

M1 '132!;000000 MHz| -23.8331 d8
M2 478115000 MHz| 242828 dB

*M3 485885000 MHz|-26.3829 dB
=0 g8 - + e |

< e

!
. H r
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o | | | f
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i P el e !
N| A/ \ S INLA N i

i
45 |
Ch1 Center 482 MHz Pwr O0dBm Bw 10kHz TOSMP1,P2 Span 10 MHz

ANLERS Reture loss vasTlaimes ¥as 22 7 482 MHz dAnUsyana -24.28 dB

o
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A7 30 Filter Loss 409 22 # 482 MHz

@) MY 2002 240724 P
1116010022012 102
Treh —— 521 ddMag 1dB/Ref0dB Calint &

M1 482000000 MHz 0.2178 d8|
M2 478115000 MHr -0.788¢ dB
1 +M3 485.835000 MHz 0.7045 d&

4
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e B . M3

rl | | X

|35 — 11 . . . el
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|
%
|

Center 482 MHz Pwr 0dBm Bw 10kHz TOSMP1P2 Span 10 MHz

g

ALERSAN Filter loss 404 22 71 482 MHz SiA1Uszana -0.21 dB

719 31 Group Delay 984 22 #i 482 MHz

@) T A2 21212 AM
1116010028100 37 1 2

Trcs —— 521 Delay 100ns/Ref0s Calint 3w

9ET +M1 482000000 MHZ 109962 ns |
M2 478.115000 MH2 410.589 ns
M3 4B5.BE5000 MHz 402202 ns |

FrET
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Ch1 Center 482 MHz Pwr 0dBm DBw 10kHz TOSMP1P2 Span 10 MHz
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AINWARY Group delay %84 22 71 478.115 MHz fdwiiu 410.589 ns wadl
485.885 MHz ANy 402.202 ns

M5 31 AaudnwasvewuLANaTlawes Yee 22 7 482 MHz

68

Wdnes 2
%09 22
Ad (MHz) 482 MHz
Return Loss -24.28 dB
Filter Loss -0.21 dB
Group Delay @ 478.115 410.589 ns

@ 485.885 402.202 ns
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d1991N"6
a1 nAviia Omnidirectional 8%e Kathrein §u 75010067 9292738 470 - 862
MHz Twanlsiodunuiuey §as1ve1ea18e1n1a 8 dBd 7 Mid-band Andegegn 5KW

S1UALLDEANIUAIANUIN

AN 33 anwLLardRYDIE18DINA

R Sy [P T (—

2592

2419

1) drainage (2x)

Bottom view

Picture shows
antenna with
optional stesl
adapter 75310322

o

ANUNIFINTTU d.8.9.
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AN 36 JULUUNISUNINTEEARY 3 {9 482 MHz
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aneundaysyad

anethdyaanadte RFS Ju LCF78-50JA-A7 anelanendoaliuladidnainaiy
qzyl,?iw?mmmwa (premium attenuation low-loss foam-dielectric coaxial cable) VU1
7/8" fAaNYUENIWNATARILAIANLIN farsainanseinimundaaiesdsinimi fszos

aelpesinuszana 130 devanuaadsluaneindayaadseann 3.49 dB

A 37 angundgyeyiad RFS 7/8" CELLFLEX

Ny

7/8" CELLFLEX® Low-Loss Foam Dielectric
Coaxial Cable

NN 38 Return Loss 499 22 U99352UUANDINA

A, SN: 3103940

D000 MHz

-15.0 dBm

o a

AUnIEINITu d.8.m.
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ANLERAIAT Return loss 189 22 AIUD 482 MHz VB9S2 UUANYDINANAAAILY

N o o

anddsdyeum a.au. drilnaulve dauszunal -35.09 dB

Frequency Mode: Bandpass

ANUERIANEIENEdY I LCF 7/8 - 50 JA 993szuvangoInianangdly

a1 [ o L% a1
antdsdye i a.an. dinaulng JarUszana 130 wns

N1991899UY
N1591809kUUNITNSEINEAAUINNEa Hdsd i d.4.9. d1dnaulug aae
AMNNTITMRIA19 audilanrualiludunsunisskulassiie Ingldlusunsy Progira

IAHANITINABILUUAININ

o a
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AN 40 N1sEsdeyId FFT 16K Ext., GIF 19/128, MOD. 64- QAM FEC 3/5 PP2
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NN 42 nsasdyeyiad FFT 32K Ext., GIF 19/256, MOD. 256-QAM, FEC 3/5, PP2
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AN 44 nsasdeyayad FFT 32K Ext., GIF 19/256, MOD. 256-QAM, FEC 3/5, PP4
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AW 45 FuTinnsnszanenduves FET 32K Ext., GIF 19/256, MOD. 256-QAM, FEC 3/5, PP4
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NN 46 N3asdryayIad FFT 32K Ext., GIF 19/256, MOD. 256-QAM, FEC 3/5, PP8
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N 48 NsasdryayInd FFT 32K Ext., GIF 1/128, MOD. 256-QAM, FEC 1/2, PP7
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18l FFT 32K Ext., GIF 1/128, MOD. 256-QAM, FEC 2/3, PP7

850 TR e 3 P
\»O‘T;..&‘lr t'; 1 ; : E &k &
! =VALUE=>
i fre
i 53.70 - 78 07 B/
1 e

T8I - 2107 UBpYir
oo cRpitn

! .
- £ Ly 2o 'hﬁs 5, nanerdht T @ HAGAH Car Japen, HET), Ebn China liana
T Tk .»-g:nht, eiperEirBard 3 b TibdBE; 3ne 1a £15 Ussr Comm o rl, HERE,
£ Wap -vx;epy}.ﬁ?:. :e:ﬁn-r.bun and he B usor yom ity il

-QAM, FEC 2/3, PP7

I
S |
Legend P
[ e vo |
Jusn vws
Boes1 |

AT
b "
—
i,
u

% l'lm
-y i
P-ha:_ CHETE

a
B9

s TR 4
= fe
fei
3
LA p, nurerg@ht I
r:\p:?sfﬁ:x

ik ! #
LR Ty s 2 RGN T  MEg, £ China kena
_.N'(jﬂ%‘; = e El5 Usar Cemm sr rl, HERE,
n’b?:;%iﬁy}l F_;ggg:pmr.bm and heBIE usor yem Uty b

M3 e Tibg s,

o

AUNIAINTTU &.a.N.



81
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1. Antenna

2. TV signal & spectrum analyzer S0 PROMAX Sq'u RANGER Neo 4
3, Television 8% LG U 55US660HOTD

GREORIRG]
areo1nanldlunisnaasssudyaranduaigeiniauuueni (Yaki antenna) Log-

g7}

periodic 8%e Fracarro Ju LP45F finauanuasnaludanin uaslinudnyagnianaianiy

AN

A 60 Yaki antenna — Log-periodic Fracarro LP45F

M13719 32 AMGNYMEAN8RINA Log-periodic

Description Unit LP45F
Fracarro code 216149
Elements No. 6
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Description Unit LP45F
Band UHF
Channel E21-E69
Technical Characteristics
Bandwidth MHz 470-862
Maximum Gain dBi 11
Front-to-back ration dB 36
Return loss dB -15
Beamwidth (-3dB) ° +/-28
Impedance Ohm 75
Connector Type F
Maximum mast mm 60
Dimensions mm 99 x 32

TV signal & spectrum analyzer

TV signal & spectrum analyzer §¥eo PROMAX i;u RANGER Neo 4 @13115009n3%d

Fouuaunn 4K wazilnnanuwaugnIumAtanILAIANUIN

AN 61 TV signal & spectrum analyzer - Promax Ranger Neo 4

BANGER/VEo <} B

ULTRAHD

ISDB-T | D\3ivl[@757] | D\3iVES
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iwsessulnsvirigvie LG Ju 55US660H0TD Uszinn iDTV digaudnuaznianaila 6

AN

AW 62 DTV LG 31 55US660HOTD

Hotel Iof

Guett Tavace

34 33 AudnwaziAiesiulnsviel LG 55US660HOTD

Pazden

Broadcasting system

Digital DVB-T2/C

Analog PAL/SECAM
Display 55 inch
Resolution 3480 x 2160 (UHD)

Dynamic range

HDR10 Pro
HLG
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DVB-T2 Code Bit rate Required C/N Receiver Limit Power MER N LM CBER LBER Strength Qaulity

Parameters rate (Mbps) (dB) (dBuv) (dB) (dB) (%) (%)
16K Ext. ENC: 21.30 Fixed Rooftop: PROMAX Min 26.0 12.0 >11.00 0 1.0E-01 1.1E-05 - -
64-QAM MUX: 21.80 15.17 Max 43.8 30.3 >28.60 17.7 1.0E-06 1.0E-07 92 100
GIF 19/128 303 T2GW: 21.90 Portable: LG Min
PP2 DVB CAL: 21.93 16.91 Max

#1519 35 N133U ”zy}zyma;m’?mﬁ 1 dedeygaumenisdiwesauinasinaitesiu
DVB-T2 Code Bit rate Required C/N Receiver Limit Power MER C/N LM CBER LBER Strength Qaulity

Parameters rate (Mbps) (dB) (dBpv) (dB) (dB) (%) (%)
32K Ext. ENC: 30.70 Fixed Rooftop: PROMAX Min 30.5 18.4 >15.60 1.8 9.0E-02 1.0E-08 26 94
256-QAM MUX: 31.20 19.58 Max 44.0 30.4 >28.60 13.5 6.3E-04 1.0E-08 78 100
GIF 19/256 373 T2GW: 31.30 Portable: LG Min 14 a2
PP2 DVB CAL: 31.48 21.68 Max
32K Ext. ENC: 32.00 Fixed Rooftop: PROMAX Min 29.6 17.3 >13.80 1.8 1.0E-01 1.9E-07 22 73
256-QAM MUX: 32.50 19.18 Max 47.0 30.7 >31.60 13.8 1.98-04 1.0E-08 78 100
GIF 19/256 37> T2GW: 32.60 Portable: LG Min 13 40
PP4 DVB CAL: 32.82 21.28 Max
32K Ext. ENC: 33.10 Fixed Rooftop: PROMAX Min 30.4 144 >14.70 -2.7 1.0E-01 8.9E-08 22 75
256-QAM MUX: 33.60 18.54 Max 47.0 22.8 >31.10 5.9 1.9E-03 1.0E-07 78 100
GIF 19/256 3/ T2GW: 33.70 Portable: LG Min 13 35
PP8 DVB CAL: 33.86 20.62 Max
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DVB-T2 Code Bit rate Required C/N Receiver Limit Power MER /N LM CBER LBER Strength | Qaulity

Parameters rate (Mbps) (dB) (dBuV) (dB) (dB) (%) (%)
32K Ext. ENC: 29.30 Fixed Rooftop: PROMAX Min 27.0 14.6 >11.30 0 1.0E-01 1.1E-05 18 53
256-QAM MUX: 29.80 16.29 Max 47.2 30.5 >31.60 159 2.4E-04 1.0E-08 86 100
GIF 1/128 2 T2GW: 29.90 Portable: LG Min 9 16
PP7 DVB CAL: 30.09 18.34 Max
32K Ext. ENC: 35.40 Fixed Rooftop: PROMAX Min 30.2 17.8 >15.10 0.8 9.9E-02 3.3E-08 22 65
256-QAM MUX: 35.90 18.44 Max 46.9 30.5 >31.10 13.6 2.4E-04 1.0E-08 86 100
GIF 1/128 i T2GW: 36.00 Portable: LG Min 10 16
PP7 DVB CAL: 36.16 20.52 Max
32K Ext. ENC: 39.40 Fixed Rooftop: PROMAX Min 30.7 18.2 >15.40 0.3 8.9E-02 3.9E-09 18 57
256-QAM MUX: 39.90 20.02 Max 46.9 30.5 >31.60 12.4 2.3E-04 1.0E-08 74 100
GIF 1/128 22 T2GW: 40.00 Portable: LG Min 10 18
PP7 DVB CAL: 40.23 22.16 Max
32K Ext. ENC: 44.40 Fixed Rooftop: PROMAX Min 334 20.6 >17.80 0.4 5.6E-02 1.1E-08 22 64
256-QAM MUX: 44.90 22.06 Max a7.2 30.3 >31.40 10.4 2.5E-04 1.0E-08 58 100
GIF 1/128 o/ T2GW: 45.00 Portable: LG Min 10 20
PP7 DVB CAL: 45.26 24.58 Max
32K Ext. ENC: 47.40 Fixed Rooftop: PROMAX Min 34.5 221 >19.00 0.4 4.5E-02 1.0E-08 18 54
256-QAM MUX: 47.90 23.56 Max 47.2 30.2 >31.20 9.0 2.9E-04 1.0E-08 58 100
GIF 1/128 > T2GW: 48.00 Portable: LG Min 10 15
PP7 DVB CAL: 48.29 26.67 Max
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M3 36 MU Inindl 1 dedyauniemsilinesnunanniteys (se)
DVB-T2 Code Bit rate Required C/N Receiver Limit Power MER N LM CBER LBER Strength Qaulity

Parameters rate (Mbps) (dB) (dBuv) (dB) (dB) (%) (%)
32K Ext. ENC: 49.50 Fixed Rooftop: PROMAX |  Min 35.0 226 >19.10 0.6 4.1E-02 | 4.3E-07 18 a6
256-QAM MUX: 50.00 24.38 Max 47.1 30.6 >30.90 8.7 23E-04 | 1.0E-08 50 100
GIF 1/128 % racw: 5010 Portable: LG Min 14 35
PP7 DVB CAL: 50.35 28.06 Max

dinienTsu a.an.
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DVB-T2 Code Bit rate Required C/N Receiver Limit Power MER N LM CBER LBER Strength Qaulity

Parameters rate (Mbps) (dB) (dBuv) (dB) (dB) (%) (%)
16K Ext. ENC: 21.30 Fixed Rooftop: PROMAX Min 25.70 13.30 >9.5 0.7 9.4E-02 1.0E-07 14 80
64-QAM MUX: 21.80 15.17 Max 55.20 33.10 >38.8 20.5 1.0E-06 1.0E-08 95 100
GIF 19/128 303 T2GW: 21.90 Portable: LG Min 8 33
PP2 DVB CAL: 21.93 16.91 Max

A15719 38 N33V ”zy}zyma;m’?mﬁ 2 dedygraumendmesaunasinailosiu
DVB-T2 Code Bit rate Required C/N Receiver Limit Power MER C/N LM CBER LBER Strength Qaulity

Parameters rate (Mbps) (dB) (dBpv) (dB) (dB) (%) (%)
32K Ext. ENC: 30.70 Fixed Rooftop: PROMAX Min 30.3 18.4 >14.8 1.5 9.6E-02 1.6E-08 14 83
256-QAM MUX: 31.20 19.58 Max 54.4 32.9 >38.3 16.0 3.5E-05 1.0E-08 94 100
GIF 19/256 373 T2GW: 31.30 Portable: LG Min 8 7
PP2 DVB CAL: 31.48 21.68 Max
32K Ext. ENC: 32.00 Fixed Rooftop: PROMAX Min 30.2 18.0 >14.3 1.1 9.8E-02 8.1E-09 14 73
256-QAM MUX: 32.50 19.18 Max 54.5 33.1 >38.6 16.2 3.9E-05 1.0E-08 94 100
GIF 19/256 37> T2GW: 32.60 Portable: LG Min 8 6
PP4 DVB CAL: 32.82 21.28 Max
32K Ext. ENC: 33.10 Fixed Rooftop: PROMAX Min 31.1 15.0 >15.0 -1.9 9.5E-02 1.0E-07 18 8
256-QAM MUX: 33.60 18.54 Max 54.5 24.8 >38.1 7.9 1.2E-03 1.0E-08 94 100
GIF 19/256 3/ T2GW: 33.70 Portable: LG Min 8 32
PP8 DVB CAL: 33.86 20.62 Max
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DVB-T2 Code Bit rate Required C/N Receiver Limit Power MER /N LM CBER LBER Strength | Qaulity

Parameters rate (Mbps) (dB) (dBuV) (dB) (dB) (%) (%)
32K Ext. ENC: 29.30 Fixed Rooftop: PROMAX Min 27.0 15.1 >11.3 0.5 1.0E-01 4.2E-06 10 63
256-QAM MUX: 29.80 16.29 Max 54.6 32.6 >38.3 18.0 1.1E-04 1.0E-08 96 100
GIF 1/128 2 T2GW: 29.90 Portable: LG Min 8 13
PP7 DVvB CAL: 30.09 18.34 Max
32K Ext. ENC: 35.40 Fixed Rooftop: PROMAX Min 29.7 17.4 >13.5 0.5 1.0E-01 3.2E-07 14 53
256-QAM MUX: 35.90 18.44 Max 54.7 32.2 >38.1 153 9.9E-05 1.0E-08 94 100
GIF 1/128 i T2GW: 36.00 Portable: LG Min 8 10
PP7 DVB CAL: 36.16 20.52 Max
32K Ext. ENC: 39.40 Fixed Rooftop: PROMAX Min 31.0 18.9 >15.0 0.8 8.8E-02 1.0E-08 10 50
256-QAM MUX: 39.90 20.02 Max 54.2 325 >37.5 14.4 1.1E-04 1.0E-08 93 100
GIF 1/128 22 T2GW: 40.00 Portable: LG Min 8 14
PP7 DVB CAL: 40.23 22.16 Max
32K Ext. ENC: 44.40 Fixed Rooftop: PROMAX Min 33.0 20.9 >16.9 1.0 6.2E-02 1.0E-07 10 41
256-QAM MUX: 44.90 22.06 Max 54.6 325 >38.0 12.6 1.2E-04 1.0E-08 92 100
GIF 1/128 o/ T2GW: 45.00 Portable: LG Min 4 5
PP7 DVB CAL: 45.26 24.58 Max
32K Ext. ENC: 47.40 Fixed Rooftop: PROMAX Min 35.0 228 >18.9 1.6 4.0E-02 1.0E-08 14 49
256-QAM MUX: 47.90 23.56 Max 54.6 32.7 >37.9 11.5 1.2E-04 1.0E-08 92 100
GIF 1/128 > T2GW: 48.00 Portable: LG Min 9 10
PP7 DVB CAL: 48.29 26.67 Max
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DVB-T2 Code Bit rate Required C/N Receiver Limit Power MER N LM CBER LBER Strength Qaulity
Parameters rate (Mbps) (dB) (dBuv) (dB) (dB) (%) (%)
32K Ext. ENC: 49.50 Fixed Rooftop: PROMAX Min 355 233 >20.3 1.4 3.5E-02 1.0E-08 10 48
256-QAM MUX: 50.00 24.38 Max 54.7 323 >38.2 10.4 1.1E-04 1.0E-08 91 100
GIF 1/128 >/ T2GW: 50.10 Portable: LG Min 8 6
PP7 DVB CAL: 50.35 28.06 Max
dindennssu a.an.
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DVB-T2 Code Bit rate Required C/N Receiver Limit Power MER N LM CBER LBER Strength Qaulity

Parameters rate (Mbps) (dB) (dBuv) (dB) (dB) (%) (%)
16K Ext. ENC: 21.30 Fixed Rooftop: PROMAX Min 24.7 13.0 >9.3 0.4 1.0E-01 6.5E-08 10 70
64-QAM MUX: 21.80 15.17 Max 46.4 30.3 >31.0 17.7 5.4E-06 1.0E-08 92 100
GIF 19/128 303 T2GW: 21.90 Portable: LG Min 9 37
PP2 DVB CAL: 21.93 16.91 Max

M9 41 Msfudyanugaind 3 dedygashennivesaannusinadesiu
DVB-T2 Code Bit rate Required C/N Receiver Limit Power MER C/N LM CBER LBER Strength Qaulity

Parameters rate (Mbps) (dB) (dBpv) (dB) (dB) (%) (%)
32K Ext. ENC: 30.70 Fixed Rooftop: PROMAX Min 29.6 17.1 >13.1 0.2 1.0E-01 5.6E-07 10 75
256-QAM MUX: 31.20 19.58 Max 46.3 31.4 >30.6 14.5 3.7E-04 1.0E-08 93 100
GIF 19/256 37> T2GW: 31.30 Portable: LG Min
PP2 DVB CAL: 31.48 21.68 Max
32K Ext. ENC: 32.00 Fixed Rooftop: PROMAX Min 29.9 17.6 >14.1 0.7 1.0E-01 6.0E-08 14 86
256-QAM MUX: 32.50 19.18 Max 46.4 30.00 >30.5 13.1 4.9E-04 1.0E-08 86 100
GIF 19/256 37> T2GW: 32.60 Portable: LG Min 26.9 8 30
PP4 DVB CAL: 32.82 21.28 Max
32K Ext. ENC: 33.10 Fixed Rooftop: PROMAX Min 30.8 12.2 >15.3 -4.7 1.0E-01 2.5E-06 14 68
256-QAM MUX: 33.60 18.54 Max 46.6 15.8 >30.9 -1.1 1.5E-02 1.0E-07 94 100
GIF 19/256 30> T2GW: 33.70 Portable: LG Min 8 21
PP8 DVB CAL: 33.86 20.62 Max
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DVB-T2 Code Bit rate Required C/N Receiver Limit Power MER /N LM CBER LBER Strength | Qaulity

Parameters rate (Mbps) (dB) (dBuV) (dB) (dB) (%) (%)
32K Ext. ENC: 29.30 Fixed Rooftop: PROMAX Min 26.7 15.0 >11.4 0.4 1.0E-01 9.7E-06 14 63
256-QAM MUX: 29.80 16.29 Max 46.2 299 >31.0 153 6.0E-04 1.0E-08 90 100
GIF 1/128 2 T2GW: 29.90 Portable: LG Min 252 8 26
PP7 DVvB CAL: 30.09 18.34 Max
32K Ext. ENC: 35.40 Fixed Rooftop: PROMAX Min 29.3 17.4 >13.7 0.5 1.0E-01 6.1E-07 10 50
256-QAM MUX: 35.90 18.44 Max 46.4 30.0 >30.8 13.1 5.8E-04 1.0E-08 86 100
GIF 1/128 i T2GW: 36.00 Portable: LG Min 28.0 8 23
PP7 DVB CAL: 36.16 20.52 Max
32K Ext. ENC: 39.40 Fixed Rooftop: PROMAX Min 30.9 18.8 >14.4 0.7 8.7E-02 1.0E-08 10 50
256-QAM MUX: 39.90 20.02 Max 46.4 30.2 >31.2 12.1 5.6E-04 1.0E-08 78 100
GIF 1/128 22 T2GW: 40.00 Portable: LG Min 27.9 8 23
PP7 DVB CAL: 40.23 22.16 Max
32K Ext. ENC: 44.40 Fixed Rooftop: PROMAX Min 33.2 21.2 >17.9 1.3 6.0E-02 7.1E-09 14 59
256-QAM MUX: 44.90 22.06 Max 46.4 30.3 >30.2 10.4 5.2E-04 1.0E-08 70 100
GIF 1/128 o/ T2GW: 45.00 Portable: LG Min 30.8 8 10
PP7 DVB CAL: 45.26 24.58 Max
32K Ext. ENC: 47.40 Fixed Rooftop: PROMAX Min 34.3 219 >18.6 0.7 4.9E-02 3.9E-07 14 51
256-QAM MUX: 47.90 23.56 Max 46.3 30.3 >30.6 9.1 5.2E-04 1.0E-08 66 100
GIF 1/128 > T2GW: 48.00 Portable: LG Min 31.7 8 10
PP7 DVB CAL: 48.29 26.67 Max
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M9 42 MSudaenind 3 dadyanunignsilineiaanaaoniteys (se)
DVB-T2 Code Bit rate Required C/N Receiver Limit Power MER N LM CBER LBER Strength Qaulity

Parameters rate (Mbps) (dB) (dBuv) (dB) (dB) (%) (%)
32K Ext. ENC: 49.50 Fixed Rooftop: PROMAX |  Min 356 23.0 >19.9 11 36E-02 | 1.0E-07 14 a9
256-QAM MUX: 50.00 24.38 Max 46.6 30.2 >31.1 83 53E-04 | 1.0E-08 62 100
GIF 1/128 % ragw: 5010 Portable: LG Min 32.7 8 12
PP7 DVB CAL: 50.35 28.06 Max
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DVB-T2 Code Bit rate Required C/N Receiver Limit Power MER N LM CBER LBER Strength Qaulity

Parameters rate (Mbps) (dB) (dBuv) (dB) (dB) (%) (%)
16K Ext. ENC: 21.30 Fixed Rooftop: PROMAX Min 252 12.0 >9.6 -0.6 1.0E-01 2.1E-06 18 65
64-QAM MUX: 21.80 15.17 Max 36.9 239 >21.0 11.3 6.7E-04 1.0E-07 70 100
GIF 19/128 303 T2GW: 21.90 Portable: LG Min 23.0 9 7
PP2 DVB CAL: 21.93 16.91 Max

M9 44 Msfudyanugaind 4 dedyaashenivedaannausinadesiu
DVB-T2 Code Bit rate Required C/N Receiver Limit Power MER C/N LM CBER LBER Strength Qaulity

Parameters rate (Mbps) (dB) (dBpv) (dB) (dB) (%) (%)
32K Ext. ENC: 30.70 Fixed Rooftop: PROMAX Min 29.5 16.7 >13.7 -0.2 1.0E-01 2.8E-05 14 81
256-QAM MUX: 31.20 19.58 Max 37.0 23.4 >21.1 6.5 2.3E-02 1.0E-08 46 100
GIF 19/256 373 T2GW: 31.30 Portable: LG Min 27 8 19
PP2 DVB CAL: 31.48 21.68 Max
32K Ext. ENC: 32.00 Fixed Rooftop: PROMAX Min 29.6 16.4 >14.6 -0.5 1.0E-01 2.5E-05 14 73
256-QAM MUX: 32.50 19.18 Max 37.0 237 >21.3 6.8 2.4E-02 1.0E-08 a6 100
GIF 19/256 37> T2GW: 32.60 Portable: LG Min 27.1 9 10
PP4 DVB CAL: 32.82 21.28 Max
32K Ext. ENC: 33.10 Fixed Rooftop: PROMAX Min - - - - - - - -
256-QAM MUX: 33.60 18.54 Max 36.9 - >21.4 - - - 46 100
GIF 19/256 3/ T2GW: 33.70 Portable: LG Min 27.0 9 16
PP8 DVB CAL: 33.86 20.62 Max

dindennssu a.an.
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DVB-T2 Code Bit rate Required C/N Receiver Limit Power MER /N LM CBER LBER Strength | Qaulity

Parameters rate (Mbps) (dB) (dBuV) (dB) (dB) (%) (%)
32K Ext. ENC: 29.30 Fixed Rooftop: PROMAX Min 27.5 15.2 >12.0 0.6 1.0E-01 2.7E-08 14 53
256-QAM MUX: 29.80 16.29 Max 36.9 239 >21.4 9.3 2.5E-02 1.0E-08 54 100
GIF 1/128 2 T2GW: 29.90 Portable: LG Min 26.0 8 10
PP7 DVvB CAL: 30.09 18.34 Max
32K Ext. ENC: 35.40 Fixed Rooftop: PROMAX Min 30.1 17.0 >14.7 0.1 1.0E-01 9.5E-09 18 55
256-QAM MUX: 35.90 18.44 Max 37.0 23.6 >21.5 6.7 2.5E-02 1.0E-08 46 100
GIF 1/128 i T2GW: 36.00 Portable: LG Min 27 9 10
PP7 DVB CAL: 36.16 20.52 Max
32K Ext. ENC: 39.40 Fixed Rooftop: PROMAX Min 30.8 18.2 >15.2 0.1 9.1E-02 8.5E-07 14 a4
256-QAM MUX: 39.90 20.02 Max 36.6 23.7 >21.1 5.6 2.7TE-02 1.0E-08 38 100
GIF 1/128 22 T2GW: 40.00 Portable: LG Min 29.0 9 14
PP7 DVB CAL: 40.23 22.16 Max
32K Ext. ENC: 44.40 Fixed Rooftop: PROMAX Min 33.8 20.8 >18.3 0.9 5.6E-02 4.5E-06 14 50
256-QAM MUX: 44.90 22.06 Max 36.7 23.6 >21.1 3.7 2.6E-02 1.0E-08 34 100
GIF 1/128 o/ T2GW: 45.00 Portable: LG Min 31.0 9 11
PP7 DVB CAL: 45.26 24.58 Max
32K Ext. ENC: 47.40 Fixed Rooftop: PROMAX Min 34.0 214 >18.7 0.2 5.1E-02 4.5E-06 14 50
256-QAM MUX: 47.90 23.56 Max 36.7 235 >21.6 1.6 2.6E-02 1.0E-08 26 89
GIF 1/128 > T2GW: 48.00 Portable: LG Min 9 11
PP7 DVB CAL: 48.29 26.67 Max
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M9 45 MSudauenindl 4 dedaruniemilinesnunannteyas (se)
DVB-T2 Code Bit rate Required C/N Receiver Limit Power MER N LM CBER LBER Strength Qaulity
Parameters rate (Mbps) (dB) (dBuv) (dB) (dB) (%) (%)
32K Ext. ENC: 49.50 Fixed Rooftop: | PROMAX |  Min 35.1 223 >19.6 04 | 40E02 | 4307 14 a8
256-QAM MUX: 50.00 24.38 Max 36.7 234 >214 22 | 26602 | 1.0E-08 22 68
GIF 1/128 >/ T2GW: 50.10 Portable: LG Min 9 15
PP7 DVB CAL: 50.35 28.06 Max
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o

[

N

ﬁﬁqm (dBuv)

ANNAULUUVBINANGNE
2

AR W 1 Wil Wi 3 il 4 NNBLUG)
DVB-T2 Parameters
EBU TECH (6.48 km) (6.21 km) (6.71 km) (11.9 km)
3348

13785 DVB-T2 Jagiu
16K Ext., 19/128, 64-QAM, PP2, FEC 3/5 46.89 43.8 55.2 4a6.4 36.9
ilweinuinasinatesiu
32K Ext., 19/256, 256-QAM, PP2, FEC 3/5 51.30 44.0 54.4 46.3 37.0
32K Ext., 19/256, 256-QAM, PP4, FEC 3/5 50.90 47.0 54.5 46.4 37.0
32K Ext., 19/256, 256-QAM, PP8, FEC 3/5 50.26 47.0 54.5 46.6 36.9
WA TN Toya
32K Ext., 1/128, 256-QAM, PP7, FEC 1/2 48.01 471.2 54.6 46.2 36.9
32K Ext., 1/128, 256-QAM, PP7, FEC 3/5 50.16 46.9 54.7 46.4 37.0
32K Ext., 1/128, 256-QAM, PP7, FEC 2/3 51.74 46.9 54.2 46.4 36.6
32K Ext., 1/128, 256-QAM, PP7, FEC 3/4 53.78 47.2 54.6 46.4 36.7
32K Ext., 1/128, 256-QAM, PP7, FEC 4/5 55.28 47.2 54.6 46.3 36.7
32K Ext., 1/128, 256-QAM, PP7, FEC 5/6 56.10 47.1 54.7 46.6 36.7
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MaUSsulsumaNunLduYsIdndidwnaanlaiannsussann duailaain
LA389 TV signal & spectrum analyzer 8%e PROMAX u RANGER Neod Sudtyeyailulvun

[
a (Y (9

AnRaange1nAuLndani (Fixed rooftop) iA1ags 10 Lwas sanen1AfEniiaesi
wmalAllunsmnass 10 JUwuy Tudes 22 arufl 482 MHz Asauaguitudl 95 Wosidus
fifaruanIdyaInsuNIuYeNA3eIsU (Receiver noise figure) 6 dB WU o qmi’mﬁ 24
$308MIMI0INA 621 km flAiAumuuuesndndidsgnanilugiganindiAiuon
pAIUN TN IUMIBNITIEWDS 32K Ext., 1/128, 256-QAM, PP7, FEC 4/5 uay 32K Ext.,
1/128, 256-QAM, PP7, FEC 5/6 ﬁﬁmmwmmLLﬂumaQWé’ﬂfﬁﬁﬂé’w‘hqﬂﬁﬂﬂdﬂﬁ"}ﬁmmﬁ&Jq
dntlos wiimansieszigiussmenelusunsy Progira azuansliniiuil angiudeya
arwgalusgdu clutter voslUsinsy o 9ail fgUassafianunsadnuianissudyginuuy
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un 5

dyunan1snnasg

nMvnsesdsdyaainsrneiuiulusruuRineademelulad ok Tnefisnsdn
15 Mbps 20 Mbps tkag 30 Mbps LﬁaiaﬁugﬂLLUUﬁmmwmﬂwwﬁﬁwwuﬂ FUUIN9N1 T8
doyeyad il

1. nsdsdygruuulassdisldunuy Single PLP #lWsnsdngegaindu 21.93
Mbps @1u1505895Un1Tasdyulnsiadlussuu DVB-T2 qummgﬂummm%’mqqéa
(Ultra High Definition: UHD) ¢ 1 Wsunsu #ismsrdnasii 15.0 Mbps wiiiu Tneanansads

o

deyyrunIeuiuiuuninsgiuauautaun@ (Standard Definition: SD) 31U 2 1Usunsu

£

[ 1%

figasdnasit 2.0 Mbps w%aaﬂammﬂMWiauﬁuLmummgmmwmmﬁﬁqﬂ (High Definition:
HD) 17w 1 Tsunsu 7isnsndnasii 5.0 Mops a814lsfinn NSAIFY I UUNIATTIY
UHD wioufudygyrautbuun1nsgiu HD wag SD 57w 3 LUsunsy vulasevietiunseld
wisfmedifertuiulasing a.an Jagtu sguuieulviidyyiunmuuuainsgiu HD
uaz SD Twalulad HEVC wuieaiu UHD

2. nsdedyraunlassdieifuunuy Multiple PLP Laildviinisnaaeiiesain
Jodnfinvedgunsal

3. msdsdyaalasldnduanuilnidevulassielnl lnenunulasmiodie
\noust diedd

3.1 inaiandestu fvuansiimes fall FFT size 32K Extended GIF 19/256

Modulation 256-QAM Waz Code rate 3/5 lnevagdau Pilot pattern 3 JULUY laun PP2
PP4 uay PP8 15idms10nn1u DVB calculator 71 31.5 Mbps, 33.6 Mbps La¢ 33.9 Mbps
AIUARU @unsasessunsasdyalnsiallusyuu DVB-T2 qummgmmmﬂuﬁﬂq@q
(Ultra High Definition: UHD) §1uaw 2 Tusunsu fisnsndnaeii 15.0 Mbps ¢ sie 3 Pilot
pattern waziiialUdsu Pilot pattern 90 PP2 1u PP4 way PP8 dyanaufisulddien MER

(Modulation Error Rate) uaz LM (Link Margin) anas vinlinan wvesdgaaisulaiianas

9
¥

3.2 \na9idns1veya nuuaAnsIdmes 6l FFT size 32K Extended waz GIF
1/128 Modulation 256-QAM Pilot pattern PP7 Ingnaaayu Code rate 6 9m57 LowA 1/2,
3/5, 2/3, 3/4, 4/4 wag 5/6 Misn310an 1y DVB calculator 71 30.1 Mbps, 36.2 Mbps, 40.2
Mbps, 45.3 Mbps, 48.3 Mbps, 50.3 Mbps auaau @usasessunisasdyaialnsviaily

55UV DVB-T2 uuusnasgiuauaudagsds (Ultra High Definition: UHD) $1uau 2 Tusunsy

o a

AUNIAINTTU &.a.N.



111

{ o a dl

fisns10nasit 15.0 Mbps I snviu Code rate 1/2 uawiile Code rate Winguan dayaad
FulatiAn MER (Modulation Error Rate) laiwmnansduunntn we LM (Link Margin) anas
\leaan Required C/N ity yilvinunwvesdyanaiuldiunlianas
nsdedayeynas DVB-T2 dewisfmes 10 awnvien] Alélunisvaasseasnainie
Insvirnimaiuiuluszuuianeasemalulad 4k vulasenelml elisossunsdedyaa
LuUINRsgIUANNeNERgads (UHD) Tildegietion 2 9oesnanis awnsadnassle 6 uuuy
uighetosfamamalulad DVB-T2 fianunsnsosiudnadngean Uszanm 50.3 Mbps Rty
nsdnassiandnddmsudyganinuuudasidnasd (Constant Bit Rate: CBR) ¥inliid
madenlunisdnassfadmdndld 4 maden Tunsdifildainuaunsaves Statmux n1s
dnassonslnvesdygianinkuunysiy (Variable Bit Rate: VBR) agviluiiniudanlunig
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Multiplex allocation Option 1 Option 2 Option 3 Option 4 Option 5 Option 6

Number of UHD@15M Channels 1 1 - 2 - -

Number of UHD@20M Channels 1 - 1 - 2 -

Number of UHD@30M Channels - 1 1 - - 2

Total Channels 2 2 2 2 2 2

Bandwidth allocation Bit rate (kbps)

Video Bit Rate (CBR) 35000 45000 50000 30000 40000 60000
UHD@15M = 15.0 Mbps 15000 15000 - 30000 - -
UHD@20M = 20.0 Mbps 20000 - 20000 - 40000 -
UHD@30M = 30.0 Mbps - 30000 30000 - - 60000

Audio Bit Rate (2 track @70 kbps/channel) 420 420 420 420 420 420

Audio Description (1 track @35 kbps/channel) 140 140 140 140 140 140

Subtitle (@100 kbps/channel) 300 300 300 300 300 300

Sl
- EIT / EPG (@200 kbps/mux) 200 200 200 200 200 200
- PMT (@25.75 kbps/channel) 51.5 515 51.5 515 515 515
- Others (@64 kbps) 64 64 64 64 64 64

Total Bandwidth Allocation 361755 46175.5 51175.5% 311755 411755 61175.5%*

dniAInTsu d.a.m.
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AUNBLUG

*ynadend 3 ldanunsadaassiafndndsesiunsdnassdnsdnvesdayainnin
wuumafils Tnedauiduldfzannsadnassuvuudstudielildussloviann Statmux

“* ynadendl 6 liamnsadnasssiafndndls lesandnsrdaiifosnisgsnindng

Ungegavaeszuy DVB-T2 wniiuly

o a

AUNIAINTTU &.a.N.



anin

o

anvin

d1n

CY

anin

ETSI.

ETSI

ETSI

ETSI.

ETSI.

ETSI.

LONE15919949

Aennssukazwalulagnszaedsuaslnvial. (2560). wamUfuRmanaindmsu
nstiusmalnsvirdnaiuaulussuuianes. dninaunmyassun1sians
NTEALELY AANITINSHAL LazAanNITIVIANUIALLIASYIRA.
NUANZNTTUNITAINIINTZEES AANSInTyiaY wazAan sinsaNuIALLEE.
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harmonic,
XOS Advanced

Media Processor

The XOS Advanced Media Processor is a high performance live media processor for broadcast and
streaming applications.

Key Business Benefits

Application versatility

The XOS Advanced Media Processor is the |atest generation of Harmonic software-based video appliances. XOS can be used for either
broadcast or streaming applications, and is adapted to multiple deployment environments. Classic infrastructures are supported with SDI,
AS|, and satellite RF interfaces. Full-IP architectures are also supported: XOS handles MPEG compressed formats, as well as the latest
SMPTE ST 2022-6 and SMPTE ST 2110 standards.

STATMUX UL TILEXNG ENCRYST

_w G o A B

TS over IP

. = wimes ..;m. m g
2022-6 E
. @ 2 o
Ex o
. N ,
PURE~ -

X0S Advanced Media Processor Inputs and Functionality

XOS is packed with features to address any kind of video processing application. In addition to its market-leading compression engine, XOS
integrates a broad range of audio codecs, including Dolby AC-4, an advanced video pre-processing engine, a broadcast multiplexer with
statmux support, and a state-of-the-art packager for streaming applications. From decoding to encoding, from HDR processing to audio
loudness management, Harmonic has you covered.

Improved cost of ownership
X0S Advanced Media Processor’s unparalleled function integration and performance dramatically reduce the number of appliances required

for a given application, significantly improving your cost of ownership.

As a software solution, XOS is available as an appliance through the use of standard IT servers, as well as software-only Docker containers
for virtualized deployments.

harmonicinc.com
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XOS Advanced Media Processor harmon?c,

" [ B o -
ENCODER/TRANSCODER IN A HYBRID HEADEND ((EA)))

LA

s Proview
— PreStreantX —»  ProSwich —»  Medulter ——» 1y ey

2 NMX™ VOS®Origin —»  Cache/CDN ~|
STREAMING

o STANDALONE PACKAGER @
@ rcoter >[I —— covvmonsn—»

Internet

X0S Advanced Media Processor Workflow Examples

X0S can serve a wide range of applications and workflows with various computational needs. As such, XOS is offered pre-configured for
multiple server platforms to ensure the right performance level at the right cost for your application.

Future-proof solution
The XOS Advanced Media Processor benefits from the latest microservices technology used in Harmonic Cloud and Saa$ solutions.

XOS can be operated standalone thanks to its web-based user interface and it is also integrated into the Harmonic NMX™ Network
Management System. In addition, XOS provides a feature-complete RESTful API, shared with other Harmonic Cloud and Saa$ solutions,
and enabling configuration, control, and monitoring from any external system. This greatly simplifies the implementation of hybrid systems
where on-premise appliances are mixed with our Cloud solutions, resulting in maximum simplicity and flexibility.

Unique Features

Premium video compression

Powered by Harmonic PURE™ Compression Engine, the XOS Advanced Media Processor delivers excellent picture quality at any bitrate
while optimizing CPU power consumption. XOS lowers video bitrates by using Al-based algorithms implemented for all video codecs
including MPEG-2, AVC, and HEVC.

Flawless UHD
The XOS Advanced Media Processor supports multiple UHD 10-bit transcoding in a single 1-RU server. It also supports SD and HD encoding for
multi-profile encoding applications. XOS performs statistical multiplexing for optimal bandwidth usage on cable, terrestrial, and satellite networks.

X0S simplifies conversions between SDR and different HDR formats and color spaces, including HDR10, HLG, BT.709, and BT.2020. It also
feeds legacy networks requiring SDR from a HDR source. In addition, XOS maintains a constant output SDR/HDR format from sources with
various dynamic ranges.

Innovative streaming

The XOS Advanced Media Processor uses EyeQ™ technology, which can reduce your streaming delivery costs by up to 50%, while
improving viewer quality-of-experience. Harmonic EyeQ™ content-aware encoding is fully compatible with standard protocols and players.
X0S simplifies streaming architectures with its built-in low-latency push packager that supports DASH and fragmented HLS, to reach
standard broadcast latencies in streaming applications [CMAF).

Perfect Edge processor

With its numerous features and wide range of interfaces, the XOS Advanced Media Processor is the perfect choice for small Headends
[where everything needs to be contained in a single box) and for Edge transcoding applications. The XOS Advanced Media Processor
connects directly to both Cloud and Satellite networks.

harmonicinc.com
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XOS Advanced Media Processor

SPECIFICATIONS
VIDEO INPUT/OUTPUTS
Live Inputs

Broadcast Live Outputs

Streaming Outputs

VIDEO PROCESSING
Features

Encoding
MPEG-2
MPEG-4 AVC

Profiles
AVS+

MPEG-2
MPEG-4 AVC

HEVC

Sony LLVC

Resolutions and Frame Rates
Frame Rate Adjustment

HOR & WCG Capabilities

SDI {SD/HD/3G, UHD as 4 quadrant or 251)
MPEG-2 TS over IP

HLS
SMPTE 2022-6
SMPTE 2110
DVB-52X
IGMP v2/v3
Advanced Source Redundancy with
2022-7 support
MPEG-2 TS over IP (2022-7 compliant)
AS| Outputs
MPTS and SPTS
Standalone Statmux
Remote Statmux with
Electra XZ!!VMWP!’OSUM X/9000
Synchronized ABR Encoding
MPEG-2 TS over IP (ATS with EBP)
Apple® HLS
Microsoft Smooth Streaming (MSS)
MPEG DASH
RTMP/RTMPS

Broadcast & Mobile/Web Encoding
Content-aware Encoding with EyeQ™

MP@ML

MP@HL

BP@L3

MP@L3

HP@L4

High4:22 @ L4]
Main@L5.1 (main tier)
Main 10@ L5.1 (main tier)

glﬂﬂilupmloom‘s
UHD

Up to 3840x2160p @50/60 fps
Up to 1920x10801 @25/30 fps
1-60 fps

Picture Resizing [Up/Down)
Smart De-interlacing

Noise Reduction

Logo and Slate Overlays
Video Watermarking
Frame Rate Conversion

PIP Encoding

HDR Si : HDR10, HLG, Dolby Vision,
andsg.-HDI i

WCG Signaling: BT 2020, BT 709, and BT 601
Tone Mapping (HDR10O/HLG -+ SDR)

Tone Expansion (SDR =+ HDRIO/HLG)
Dynamic HOR Metadata Generation

vt notice. )

AUDIO PROCESSING
Features

Encoding Profiles

Processing Capabilities

DATA FEATURES
VANC Processing

PACKAGING FEATURES
Ad Insertion
Audio, Data, and Video Selection
Segmented Media Formats
Protocols

Closed Captions and Subtities

MANAGEMENT
User Interfaces

APl

In-band Control
Redundancy

DEPLOYMENT OPTIONS

Appliances

Software Applications

arics, registered trademarks or service marks of Harmon inc. m the Ursied

wy B o x marks of thew respectve cwners. All product

06 20
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Automatic Loudness Control (EBUR 128,
A-weighted, K-weighted)

Audio Pass-Through including Dolby ATMOS

Nielsen Audio Watermarking

R

Stereo/Mono Conversion
Surround Down Mixing
Delay Adjustment

Teletext (OP-47/SMPTE-2031)
CEA-608/708

DVB Subtitles Passthrough and Burn-in
ARIB

SMPTE-2038

SCTE-35/SCTE-104

viTC

WSS/AFD

Conversion to SCTE-35 Annotations

Exclusion of services per packaging technology

HLS-TS, CMAF, DASH, MSS

WebDAV, HTTP Post, RTMP/RTMPS

CEA-608/708 to WebVTT (HLS, DASH) and
TTML (HSS)

Teletext or Cavena P31 to WebVTT (HLS,
DASH] or TTML (HSS)

DVB Subtitle Conversion to SMPTE-TT (OCR)

Harmonic NMX™ Network Management System

RESTful API shared with VOS*

SNMP

ESAM (decision on SCTE-35 processing)
From Input TS via DMS™ Management System
Unit Based

* Upto 8 GB Ethernet interfaces

« Upto Dual 25GB interfaces

* Upto 8 DVB-S2X inputs

- Upto4 ASl outputs

Compatible with COTS servers

Available as bare metal, VM, and Docker
containers

harmonicinc.com
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ProStream X

VIDEO STREAM PROCESSOR & GATEWAY

The Harmonic ProStream® X software-based stream processing and gateway provides best-in-class, high-performance stream
processing for mission-critical broadcast, cable, satellite, terrestrial, IPTV and OTT delivery applications. Benefit from a variety of
advanced video processing capabilities, including multiplexing, scrambling, splicing, SRT delivery and blackout switching.

As the successor to the market-leading ProStream 9100 stream processor, the ProStream X system allows users to leverage the versatility and
agility of software-based infrastructure. The platform integrates 10Gbps throughput with a variety of advanced video processing applications,
including multiplexing, splicing, blackout switching, and DVB CSA3 encryption. ProStream X also serves as a high-throughput video gateway
featuring socket address flipping and ASI-to-IP conversion.

On top of the high throughput and remultiplexing, ProStream X can be used as a DVB-T2 gateway. ProStream X is capable of encapsulating a
multiplex into a DVB T2-MI stream, providing signalization, transmission and synchronization parameters to DVB-T2 modulators. It also has the
capability to apply DVB-T MIP insertion by adding synchronization marks in the DVB-T transport stream. In addition, ProStream X offers DVB-SIS
support, allowing DTH and DVB-T2 coexistence on the same platform.

ProStream X runs on a 1-RU COTS HPE® server and pairs with Harmonic's Electra® X2 advanced media processor and XOS to deliver a compact
solution for encoding and distributing superior-quality IP and ASI video streams. This high-density architecture reduces the amount of rack space
required to meet fluctuating stream processing requirements, helping operators reduce capex and opex. High reliability and simplified serviceability
result in an all-in-one-box experience for high-throughput stream processing at low TCO.

SD, HD and UHD formats as well as MPEG-2, MPEG-4 AVC and HEVC codecs are all supported on ProStream X. This appliance is available in several
deployment models for a perfect fit with infrastructure requirements, including a server with ProStream X, a virtual machine with XVM, and a bare-
metal installation with ProStream Docker.

Business Benefits

DVB Single lllumination Service support (DVB-SIS)

ProStream X supports the DVB-5IS standard, that allows the TS to be delivered in parallel to both DTH and terrestrial receivers, fully integrated with
Harmonic XOS. The ProStream X is compliant with SFN broadcasting, supporting both single and multiple PLPs. The main benefits of DVB-SIS
include bandwidth optimization to reduce opex and using a standardized solution that complies with DTH, DVB-T and DVB-T2 standards. The use of
DVB-SIS allows operators to reuse existing equipment instead of doubling the equipment for both DTH and terrestrial distribution. Harmonic offers
an end-to-end solution using the company's top-of-the-line products including XOS for best-in-class video quality and SIS reception, ProStream,
ProSwitch, all managed by Harmonic NMX.

Scrambling

ProStream X integrates with major conditional access systems (CAS) and is the first stream processor to offer 128-bit DVB CSA3 encryption
support. Integrated and certified by Cisco and Irdeto, it is the most secure stream processing solution for distributing UHD broadcast services. DVB
CSAZ2, AES, and BISS fixed key scrambling are also supported, as well as trick mode for video on demand.

ProStream scrambling technology is known in the industry for its stability and high performance. The ProStream X platform can scramble any
format of video, audio and data elementary stream (e.g., MPEG-2, MPEG-4 AVC, HEVC, AC-3, AAC, HE-AAC]), as well as multiplex MPEG TS. The
solution easily integrates into existing architectures and reduces cost and complexity by eliminating the need for multiple devices in distributed
cable, satellite or telecom networks.

Statistical Multiplexing

Harmonic’s DiviTracklP™ option integrates statistical multiplexing and IP switching by connecting ProStream X systems with remote Harmonic Electra X2
encoders across a LAN or WAN, allowing any ProStream X in the network to efficiently manage the encoders’ statmux pools. ProStream X also supports
regional statmux capability for the terrestrial market, allowing a single encoding instance to be part of multiple DiviTrack IP pools. This capability answers
the need to encode and generate regionalized transport streams with both common (shared) national and unique regional channels. The use of the regional
statmux feature reduces the number of encoders required to support regionalized feeds and eliminates unnecessary national common program duplication.

- Multiplexing and scrambling of up to + IP networking and mirroring - Slate insertion for service disruption
2000 simultaneous broadcast services . DiviTrack IP statistical multiplexing messages
+ High-throughput 10Gbps video with remote distnibuted encoders + Emergency Alert System (EAS)
HIGHLIGHTS gateway - Live-to-live splicing for MPEG-2, compliance including SCTE-18 Trigger
- Advanced multiplexing of any service MPEG-4 AVC, and HEVC video * SRT hstener/caller gateway for
from any input to any output streams hundreds of streams
- Target average bitrate - DVB CSA3, DVB CSAZ and AES - DVB-SIS complaint
+ DataTrack scrambling

harmonicinc.com
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In addition, ProStream X enhances statmux with a DataTrack capability that allows non-video PIDs (e.g., audio, ancillary data, teletext, subtitling)
into the statmux pool. When not in use, the ProStream X statmux mechanism frees up the bandwidth provisioned for these PIDs, allowing them
to be reallocated to video to improve quality. The DataTrack capability is also valid in CBR systems where no advanced allocation is required for
occasional PIDs without risking an overflow.

ProStream statmux also includes a unique target average bitrate application, which enables operators to apply the long-term average bitrate for
each video based on the user configured bitrate. For operators that have multiple customers sharing channels in the same statmux pool, the feature
will secure the average bitrate customers are paying for, over the long term, while maintaining high video quality.

Linear Ad Splicing

Linear ad splicing, or digital program insertion, on ProStream X enables the GOP-accurate insertion of local and regional ads directly into live-to-

air MPEG-2, MPEG-4 AVC and HEVC SD/HD transport streams. With this capability, operators can increase average revenue per user by allowing
advertisers to reach differentiated viewers with targeted ads.

The powerful capability enables broadcasters to implement advanced advertising capabilities for hundreds of channels without needing to purchase

a standalone, box-level splicing solution, saving costs while simultaneously opening up new revenue streams. In addition, by eliminating the need to
decode signals to insert ads, workflows are optimized, and video quality is maintained at the highest possible level.

ProStream X supports live-to-live splicing, which allows ProStream X to switch between main and alternative live feeds seamlessly, with no ETR 290
errors at output. In statmux applications that include switchover to an alternate program, the alternate programs become part of the statmux VBR pool.

Digital Turnaround

With standard IP and DVB input and output interfaces, the ProStream X processor is easily incorporated into existing headend environments and
supports multiple digital turnaround applications. The platform's robust, extensible and highly scalable design supports MPEG remultiplexing,
including PID remapping, prioritizing and filtering, insertion and generation of PSI/SI tables and PID multicast. Device, port and input TS redundancy
are supported, as well as multiple IP sockets for MPTS and SPTS applications. The compact platform not only reduces rack space and power
requirements, but also simplifies network infrastructure while delivering a high-availability solution.

High-Density Software-Based R-PHY Video Engine

When operating as part of Harmonic's innovative CableOS vCCAP solution, ProStream X serves as a powerful video engine that feeds both
broadcast and VOD content to as many as 100 R-PHY devices (RPDs) per single ProStream X server, Content may be pre-encrypted, or scrambled in
real time by ProStream X.

Pay-As-You-Grow i

As processing needs evolve, the ProStream X platform makes it easy to incrementally add or upgrade 1/0 modules and firmware licenses,
simplifying scalability and extending the system’s value.

Technical Benefits

High-Throughput Video Processing

ProStream X offers the choice of quad 10GbE, dual 10GbE or ASI 1/0. The high-throughput 10GbE option supports up to 1,000 transport streams and
2,000 simultaneous multiplexing and scrambling services. Video gateway capabilities include socket address flipping, ASI-to-IP conversion and IP
mirroring. The dual 10GbE interfaces also reduce the number of required router ports and enable a simplified IP addressing scheme.

High ility, Simplified Serviceability

Maintenance on the ProStream X platform is simplified with hot-swappable fan assemblies and dual redundant power supplies. Changing

processors and /0 modules is quick and easy. These thoughtful serviceability features improve system reliability and reduce the chance for
downtime, increasing the opportunity to generate revenue.

Control and Management

Processing on the ProStream X is easily configured and controlled with Harmonic’s NMX™ Digital Service Manager video management system, a
service-oriented solution for mass configuring, monitoring and automated redundancy in centralized or distributed architectures. An intuitive and
user-friendly web-based GUI is also available.

World-Class Service and Support

Harmonic stands behind the ProStream X system with comprehensive service and support programs, including system design, service deployment,
technical support and network maintenance. World-class service plans and a global network of flexible and responsive support professionals help
ensure your ability to deliver outstanding “anytime, anywhere, any-device” video experiences.

ProStream X: The Heart of the Headend

e

i Statistical multiplexing
[ oeanx ] ; @ g
S Procesor

Real-Time Encoders

Splicing
Terrestrial output

! o e
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ProStream' X VIDEO STREAM PROCESSOR & GATEWAY

SPECIFICATIONS

10GBEIP1/0
Type

IP Ports
Connectors

1/O Speed
IP Encapsulation

MPEG Format
MPEG Transport Streams
1/0 Processing

Maximum Bitrate per Socket
Addressing

Management

ASI1/0

Type
ASIPorts
Connectors
1/0 Direction
MPEG Format
1/0 Processing

IEEE 802.3z
Four independent
FouioﬁbEm.RMSmbnld

PCle option cards for either two or four 10GbE ports
SFP (up to three cards per platform)

Support for IEEE 802.Q VLAN tagging
Up to 10 Gbps

MPEG TS over RTP/UDP/IP/MAC

1o 7 TS/IP

188Bper TS

MPTS and SPTS

1.000 sockets

Up to 10 Gb per piatform [configuration dependent)
300 Mbps

Multicast

Unicast

IGMPv2/v3

ASI input/foutput

Eight ports per card, up to three cards per platform
Eight mini-DIN ports
Configurable, input or output, per port
188/204 B per TS

One MPTS/SPTS per port

Up to 213 Mbps per input or output

MANAGEMENT INTERFACES

Ethernet
Connectors

SCRAMELING

SCS
Standards

CAS connections

BISS Encryption
Number of ECMs

STATMUX CONTROL
Codecs Supported

Formats Supported
Frame Rates Supported

DVB-T2 GATEWAY

1000Base-TX
Two RJ45 (I management, 1 CAS)

Internal

DVB common scrambling

Open CAS

DVB CSA2, DVB CSA3, AES-CBC, AES-ECB

Fix key scrambiing and descrambling
Simuitaneous connections to 30 different CA systems
Mode |

2,000 ECMs per platform

MPEG-2, MPEG-4 AVC, HEVC
SD, HD, UHD, interlaced, progressive
PAL, NTSC

Encapsulation of any generated multiplex into DVB-T2 frames

Generation of up to eight DVB

T2-Mi streams over ASlor IP

Interface for external PTP server or | PPS/GPS
Support of single and muiti-PLP

DVB-T SFN ADAPTATION

aﬁmmmfumwmmmwmrmmrsm
41(2004-06)

Generation of up to 20 DVB-T

TSsover ASlor IP

Interface for external PTP {IEEE 1588) Server or 1 PPS/GPS

DVB SIS

Supports DVB-SIS output standard ETSI TS 103 615
Generation of up to eight DVB-SIS output streams, and up o 36 groups per SIS
regionalization

service for
Support of single PLP

Fully integrated with Harmaonic XOS, ProSwitch and NMX

REMULTIPLEXING

Routing
PID
PID Multicasting

PSi/sI

Output Mirroring

Advanced Stream
Processing

SRT

CABLEOS
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Any input to any output
MwlwmanbemutmmmMeTSoMS
with different remapping and processing (different
CW, if scrambied)

Any to any

Linear ad insertion splicing, SCTE-35 triggering for
hundreds of channeis

Live-to-live splicing, slate insertion, blackout switching,
PID range, Emergency Alert System (EAS)

Listener/caller in both source or destination application

MPTS and SPTS

AES-128 to AES-256 encryption (including AES 192)

up to 4 Gbps throughput

Emergency Alert System (EAS] with SCTE-18 Triggering

PTP (IEEE 1588 clock synchronization

UDP-based VOD routing, as part of CableQS solution over 1G/10G Ethernet connection
Tier-based and session-based DVB scrambling of up to 2,000 VOD streams, as part

of the CableOS solution

REDUNDANCY
Device

Internal

Triggers

=}

Under NMX or stand-alone GUI management
Any-to-any input TS

TS output mirroring

Port redundancy

Service redundancy

ETR 290

SYSTEM MANAGEMENT
NMX™ Digital Service Manager 8.7.0 or later

Stand-alone web user interface
PHYSICAL
Dimensions (W x H x D) TNinx 1.69inx 2783 in (1RU)
4346cmx4.29cmx 70Tcm
‘Weight 35.861bs 16.26 kg
POWER
Power Supplies Dual redundant
Voltage 100V to 240V
Line Frequency 50-60 Hz
ENVIRONMENTAL
Cooling Seven fans, hot-swappable
Operating Temperature
ASHRAE Class A2 +50"to +95°F
+10°to +35°C
Storage Temperature -22°to +140°F
-30"to +60°C
Safety Compliance EN 60950-12006 + AT:2009 +AL2010 +Al2:2011
+A2:2013
EN 62479:2010)
Electromagnetic EN 55032:2012 Class A
Compliance (Class A) EN 55024:2010
EN 61000-3-2:204
EN 61000-3-3:2013

dUnIAINTIL d.d.n.
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NMX

NETWORK MANAGEMENT SYSTEM

Harmonic’s NMX™ Network Management System is the definitive video network management
solution, encompassing a powerful set of tools for monitoring and managing Harmonic compressed
digital video and audio systems.

NMX allows operators to run their technical infrastructure in a way that parallels their business — as a series of revenue-generating
workflows rather than as a set of discrete hardware components. Available for both traditional hardware-based infrastructures and next-
generation, virtualized environments, NMX offers a simple and intuitive interface for creating and modifying channel lineups. It can also be
used to set system parameters, whether encoding or rate-shaping; in this instance, the underlying equipment is automatically reconfigured
to accommodate the new settings. Status for services and hardware, including alarms, is passed through to the top level, ensuring that
problems are quickly detected and resolved. Redundancy is automated.

Adding, reconfiguring or removing services or equipment is fast, easy and error-free with NMX. Templating, wizards, consolidated data
views and powerful cut-and-paste functions are available for both service and system modifications. A three-pane layout affords the
operator an easier overview into their service paths through the network elements.

NMX is designed for 24x7 management of Harmonic Electra® encoders, ProStream® stream processors, the new generation of X0S
appliances including packager for OTT applications and other components in the workflow. It can run on a single computer or be distributed
across multiple servers for maximum availability. Service and configuration data are stored in a reliable, industrial-strength database. NMX
provides multi-level security, ensuring full control of operational privileges. In addition, a comprehensive audit trail and consolidated alarm
log pinpoint hardware or operational problems.

In a virtualized video infrastructure featuring the VM versions of Electra X and ProStream X, NMX is used to perform the application-
level management and provisioning. NMX provides the video network group creation, service configurations, application alarm/events/
fault monitoring and failover in the same way it manages and provisions dedicated video-processing appliances. NMX server itself can be
deployed as a VM running under VMware vSphere®.

NMX is highly scalable and extensible, growing in tandemn with the environment it supports. The client/server architecture supports both
the centralized management of even the most geographically distributed environments, as well as the remote management of a centralized
environment, all using standard TCP/IP LAN/WAN technologies. The use of standard-based interfaces enables NMX to interconnect with
other subsystems, including umbrella management, conditional access, automation, and scheduling. As the managed environment grows in
scope and scale, NMX can distribute its processes across multiple PC platforms, as necessary, providing inexpensive raw processing power.

Moreover, through historical analysis, NMX offers detailed reporting of bandwidth usage and alarm behaviors, allowing operators to identify
system-wide trends and improve overall network stability.

HIGHLIGHTS

- Service-oriented to work the way

operators work

+ "Input to output™ GUI and functionality
+ Template, spreadsheet, and wizard-

based configuration for fast system
setup

- Scalable to any size system
+ Manage traditional hardware-based

and virtualized video infrastructures

o

ann

- Centralized management of

geographically distributed systems

- Distributed processing for high availability
+ Flexible redundancy management
- Global Recovery System management

through umbrella NMX feature

- Powerful automation interface
+ Internal DPI server supports SCTE

standard digital program insertion cue
message injection

AAINTTU AN,

- User administration/security/audit

trail tools

- Extensible third-party device

monitoring using GPI closures and
SNMP

- Historical and statistical analysis of

bandwidth and alarm behaviors

- Advanced automation and

scheduling engine

harmonicinc.com
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NM x‘ NETWORK MANAGEMENT SYSTEM

FEATURE SUMMARY

Network, Service Control & Provisioning
Redundancy Support (11, N:1, N:M)

Basic Alarm Package (Pending alarms, history alarms, status colors on icons)

PSI/S| Package (PSI/SI table support, private descriptors)

CAS Package

Advanced Alarm Package (Advanced alarm configuration, alarm forwarding,
consolidated alarm viewer)

Security Management Package (Full user administration tools, audit trail)

Automation Server Package (Access the automation server and scheduling engine)

Distributed Management Package (Monitoring and control of geographically
distributed systems)

NMX PC Fail-Safe Package (NMX 1.1 redundancy, auto-restart)
Available asa VM
Maximum number of connected client applications: 25

APPLICATIONS
Satellite
Centralized or distributed cable
Virtualized Video Infrastructure
VoD
Multiscreen
Terrestrial
Telco
Network distribution
Backhaul
Network PVR

USER-FRIENDLY
Templates at device and system level
Cut, copy and paste functions
Wizard-based setup
Batch-driven automation tools
Spreadsheet tool User-friendly

SERVICE MANAGEMENT
Simple template-based service setup
Extraction of service information
Service level or PID level manipulation
Service tracking across topology
Dynamic PSi/Sl table generation
Completely flexible private descriptor generation
Virtual service and stream management
Service-oriented alarms and analysis
Program suspend/resume

TOPOLOGY MANAGEMENT
Graphical view of network and devices
Geographical background maps
Muiti-level maps
Component backplane views
Cut, copy and paste replication
Template-based topologies
Online and offline operation

harmonic,

CONFIGURATION MANAGEMENT

Device, module and port-level configuration
Consolidated views for easy setup

based configuration

p

FAULT MANAGEMENT
Manual or automatic redundancy switching
Router-based, path-based or IP-based redundancy mechanisms
GPI {contact closure) device monitoring tool
SNMP-based monitoring of third-party hardware
Alarm configuration
Monitoring and alarm logging, highlights affected services and hardware

Standard PERL scripting tool for automatic emails, pages or SMS messaging on fault
conditions

SNMP-based alarm forwarding agent with alarm filtering

SECURITY MANAGEMENT
Full user administration tools for multi-user environments
LDAP user authentication support
Multi-level access privilege
Access can be geographically limited
Lockouts to manage secure modifications in multi-user operations
Comprehensive audit trail

TABLE SUPPORT
MPEG-2, DVB, ATSC compliant
PSI/SI generation
Flexible descriptor generation
Accepts PSI/SI from external sources

CONDITIONAL ACCESS SUPPORT
DVE Simulcrypt V3
OpenCAS
AES
Full CAS redundancy support
Internal EIS

TRAFFIC/AUTOMATION/EIS INTERFACES
Advanced scheduler with timeline user interface
Easy external triggering of user-defined service/configuration states
DVB EIS-Muxconfig support
DVB SIMPCOMP-MUXNOTIFY support
Internal EIS
Extensive coverage and easy to integrate RESTful API
Internal DPI server supports SCTE standard DPI cue message injection

SOFTWARE MANAGEMENT
Storage and distribution of software for easy update across distributed networks
Background download

NMX FAIL-SAFE MANAGEMENT

Automatic 11 NMX server redundancy
Auto-restart capability
Powerful catalog and service plan backup/restore management

harmonicinc.com
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NM x‘ NETWORK MANAGEMENT SYSTEM

MONITORING SOLUTIONS

Integrated with multiple monitoring solution vendors for an integrated headend
Centrol and integration with a wide array of decoders

STATISTICAL ANALYSIS
Statistical analysis of alarm behavior
Inventory and device status reports

STANDARDS-BASED
SNMP
XML
TCP/IP
REST

DEPLOYMENT OPTION: APPLIANCE
Server model HPE ProLiant DL360 Gen10
Hard Drives Dual SSDs - RAID 1 - hot swappable
NIC Four 1GbE ports (RJ45)

Power Dual redundant power supplies, hot swappable
100/240 VAC, 50/60 Hz input
Max power @ Room temp — 265W (904 BTU)
Max power @ Max temp - 325W (1109 BTU)

Operating temperature: 10°C to 35°C (50°F to 95°F)
Nn&p?rating temperature: -30°C to 60°C (-22°F to

Environmental

Operating humidity: 8% to 90%
EMC Class A: FCC, CE, VCCI, KC, CCC, TCVN, CTick, BSMI

Prgduc{ Safety: US/CA NRTL, CB Scheme, BIS, CCC, EAC,
SMI

Product Materials: EU RoHS, China RoHS, EU REACH,
WEEE
1-RU server
Dimensions (HxWxD): 4.3 x 43.5x 70.7 cm (1.7 x 171 x
8 in)
Weight: 15kg (33 Lbs)

Yes.
HW alarm monitoring Integrated in NMX SW (thru iLO).

Windows Server 2019 / SQL Server 2017

Physical

Management (IPMI)

Operating System

128
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DEPLOYMENT OPTION: VM OR CUSTOM HARDWARE
Recommended System Requirements:

Processor 16 virtual CPUs (Intel® Xeon® processor E5-2620
equivalent)
Memory 32 GBRAM
Disk size 480GB
NIC Four 1GbE ports
Operating System (for Windows Server 2019 / SOL Server 2017 (included in
Customn Hardware) NMX ova file)

ORDERING INFORMATION

NMX-HWP-3G-A NMX 1RU, High performance HPE server, for NMX SW
version 8.5 and beyond. Windows Server 2019 and
SQL 2017 included.

LIC-NMX-BASE NMX Software Enterprise version 7 and beyond — License

LIC-NMX-BASE-BCKP
LIC-NMX-BASE-VM

NMX Software Base Backup License (for 1+1 Redundancy).

NMX (VM) Software Enterprise version 8.5 and beyond
- License

NMX (VM) Software Base Backup License (for 1+1
redundancy), version 8.5 and beyond

Software license for Managing and Monitoring devices
and services using NMX Restful AP|

LIC-NMX-BASE-BCKP-VM

SW-NMX-REST-API-E

SW-NMX-EIS-E Software license to enable NMX internal EIS {Event
Information Scheduler) — ProStream CAS

SW-NMX-DCO-E NMX Client License (Designer, Operator) — one is
provided in NMX base SW. One license per additional
client to be connected at the same time

SW-NMX-SEC-E NMX Software Stream Editor License. Stream editor client

— one is provided in NMX base SW. One license per
additional client to be connected at the same time

Software license for Management of device whose
configuration is under NMX control (Electra X/X0S,
ProStream X, SDI routers and 2:1 switches, etc).

Per device. Monitoring-only devices does not require
any license

NMX Demo license — Temporary enables all software
90 Days

LIC-NMX-DEVICE-CONF

SW-NMX-DEMO-E

harmonicinc.com
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TRedess DTT TRANSMITTERS up to 5000W (6000W for ATSC 1.0)
Fourth Series Medium & High Power | Technical specifications

Qutput power (Before filter)

COFDM modulations

Qutput power (Before filter)

ATSC 1.0

N° of Amplifiers
Final amplifier type
Efficiency (Typical)

Frequency range

Standards

IMD (Shoulder)

Precorrection

RF output connector
10 MHz reference input
10 MHz reference output

1 pps reference input

GPSIGNSS (Option)

OCXO (Option)

Local control
Remote control

Operating temperature
range

Relative humidity (max.)

Altitude of operation

Supply Voltage

| 2 3 4 5 6 8

UWB Asymmetrical Doherty
41% (COFDM Modulation)
UHF (470-700 Mhz)
DVB-T/H ETSI EN 300744, ETSI EN 302304, TR 101191, EN 50083-9
DVB-T2ETSIEN 302755V1.3.1, TS 102831, TS 102773
ISDB-TARIB_STD-B31v1.6, ABNTNBR15601:2007
ATSCA/53, A/153,A/110, ATSC3.0Upgreadeable
DVB-T/HIT2: 2x ASI/T2-MI BNC-female - 2x TSolP 10/100/1000 (UDP, RTP, RTP-FEC) RJ-45
Optional: RF input 1xN-female (VHF and UHF); DVB-S2 input 1xF-female with CAM and BISS 1/E
ISDB-T/Tb: 2x ASVBTS BNC-female - 2x TSolP 10/100/1000 (UDP, RTP, RTP-FEC) RJ-45 Optional:
DVB-52 input 1xF-female with CAM and BISS 1/E
ATSC: 2 xASI/SMPTE BNC-female - 2x TSolP 10/100/1000 (UDP, RTP, RTP-FEC) RJ-45
Programmable seamless switching between all inputs
> 36 dB
>38dB

Digital adaptative, linear and non-linear

<13 dB

DIN 7116 ElA T7/8"* EIA 15/8" "
BNC female 50 O (-15 to +10 dBm)
BNC female 50 Q
BNC female 50 Q (TTL)
SMA female 50 0 Connector
Stability < £1x10exp-9 (0°C 10 60°C)
Holdover. <0.8ps after 4 hours, <12 ps after 24 hours
Stability < +5x10exp-8 (0°C to 60°C)
Aging: < +5x10exp-10/day
< +5x10exp-Blyear
Front LCD display with keyboard and LED indications. Micro-SD card to save and restore configurations settings.

Ethemet (web application and SNMP); I/O contacts
-5°C to 45°C

95% - Non condensing
< 2500 m above sea level (> 2500m on request)
Force air (with air dust filters for dusty air atmospheric conditions)

110/230 VAC :
(single phase) 110/230 VAC (single phase)
471063 Hz 208/415 V (three phase 4 wires) 47 to 63 Hz

EN 60950-1:2006+A1:2010+A11:2009 +A12:2011 - EN 60215:1989+A1:92+A2:94
ETSI EN 301 489-1 V1.9.2 (2011-09); ETSI EN 301 489-14 V1.2.1 (2003-05); EN 61000-4-5, heavy Industry level

ETSI EN 302 296-2 V1.2.1 (2011-05)

* Other RF output connectors under request

FOURTH SERIES PRODUCT BROCHURE 17
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SPINNER | Broadcast SPINNER

1.3 kW - 1.6 kW UHF DTV Bandpass Filters

= Mask filters for ATV and DTV

= For 6, 7 and 8 MHz channel bandwidth
= With cross coupling (notch function)

= Tuneable within whole UHF range

n Temperature compensated

= DC block

= Installation horizontally or vertically

n Low profile design

-] o ]
-10 18 -0
-0 20 -0 o
= B ;0 ?3 o
- -0 -0 Q. b
-2 -0 50 E E.
] -0 -0 5
- 0 -m
e ] a0 -5
-0 40 -0
M e mr e T er smom e Span 34000 e 1 e s s0 e prempypr=rrrl
Typical diagram AS6224 Typical diagram AS6229 Typical diagram AS6228
Part Number BN 616663C1031 BN 616663C1033
Frequency range 470 - 860 MHz
Number/size of cavities 6/120
Harmonics attenuation 2 50dB for f < 1100 MHz
TV standard DVB-T @ 8 MHz ISDB-T @ 6 MHz ATSC 1.0 @6 MHz
(0/Urs = 13 dB) (0/Upes = 13 dB) (O = 11 dB)
Average input power <1.6 kW <1.3kW < 1.3 kW
Tuning instruction ASB224 ASE229 ASB228
Insertion loss & mask filtering 470 MHz 860 MHz 470 MHz 803 MHz 470 MHz 803 MHz
(alternative tuning on request)  f, <03dB <04dB f, <035dB <05dB f, <0.40dB <0.55dB
fo+3805 <08dB <11dB f+279 <1.10dB <14dB f,+269 <055dB <1.30dB
f+3885 <09dB <13dB f,+3.00 >3 dB f,+35 >3 dB
foxd4.2 24 dB fa£3.15 25 dB fo+ 4.0 =28 dB
fa+ 6.0 >220dB fo + 4.50 217dB fo+ 6.0 230dB
fax 120 >40dB fo £ 9.00 238dB f;£9.0 265dB
fo£15.0 z48dB
VSWR (passband range) <1.15 <1.15 <1.15
Group delay variation Atr<350ns At <450ns At <250 ns
Temperature stability <2kHz /K
Connector 1 5/8" SMS unflanged 15/8" EIA
Dimensions (L x W x H) mm 463 x 300 x 277 480 x 300 x 277
Weight =20kg
Environmental conditions For limitations see ,Environmental Conditions for Broadcast Products®.

| 121

o

dUnIAINTIL d.d.n.



133

AANUIN R

Kathrein 75010067

AUNIAINTTU &.a.N.



Subject to alteration.

936.3624/a

Omnidirectional Antenna

Polarization

I

KATHREIN

® Broadband omnidirectional antenna.

Order No. 75010067
Input 15/8" EIA flange
Max. power 5 kW (at 40 °C ambient temperature)
Frequency range 470 - 862 MHz
VSWR <1.1
Gain 8 dBd 3
Vertical 3 dB beam width 13° o
[=]

Impedance 500 o
Polarization Horizontal o~
Weight 70 kg
Wind load (at 160 km/) 590 N
Max. wind velocity 225 km/mh
Height 2419 mm
Material: Omnidirectional antenna in protective fiberglass

radome with a diameter of 332 mm.

Radome color: Light grey (RAL 7035).

Flange: Hot-dip galvanized steel.
Attachment: Onto a fitting counterflange or to tubular masts by

using the optional steel adapter 75310322 (to be

ordered separately).
Grounding: Via mounting parts.

Radiat

oty peosers
0332
— ]
L —
0356, 8

ion Patterns (at mid-band)

Picture shows
antenna with
optional steel

adapter 75310322

Horizontal Radiation Pattern

10 20— o’

Vertical Radiation Pattern
1.5° electrical downtilt

All specifications are subject to change without notice.
The latest specifications are available at www.kathreinusa.com

1) drainage (2x)

Bottom view

| 75010067 Page 10f 2 |

Kathrein USA Greenway Plaza Il, 2400 Lakeside Blvd., Suite 650, Richardson TX 75082
Phone: 214.238.8800 Fax: 214.238.8801 Email: info@kathrein.com

o

dUnIAINTIL d.d.n.
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Subject to allemation

Horizontal Radiation Pattern

UHF Ommi
Frequency 470 MHz
Gain 54 dBd

Half Power Beam Width 360°

KATHREIN

Order-No.: 75010067

Date: 19.04.2017

Page:1/3

KATHREIN-Werke KG Anton-Kathrein-Str. 1-3

PO. Box 10 04 44 83004 ROSENHEIM Germany

o

AnIFINISL d.8.7.

Phone +49 8031 184-0

Fax +49 8031-495 www kathrein de
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Subject to altemabon

Vertical Radiation Pattern

0° 10° 20° 30° 40°
UHF Omni
Frequency 470 MHz
Gain 5.4 dBd
Half Power Beam Width 19°

Date: 19.04.2017

MR THREIN | odeNo. 75010067

KATHREIN-Werke KG Anton-Kathrein-Str. 1-3 P.O.Box 1004 44 83004 ROSENHEIM Germany Phone +49 8031 184-0 Fax +49 B031-495 www_kathrein de

Page:2/3

o
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Subject to altematon

270°

All Pattern

180°
UHF Omni
Frequency 470 MHz
Gain 5.4 dBd

Half Power Beam Width 360°/ 19°

KATHREIN

Order-No.: 75010067

Date: 19.04.2017

Page:3/3

KATHREIN-Werke KG Anton-Kathrein-Str. 1-3

P.O.Box 1004 44 83004 ROSENHEIM Germany

o

AnIFINISL d.8.7.

Phone +49 8031 184-0

Fax +49 6031-495 www_kathrein de
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All information contained in the present datasheet is subject to confirmation at fime of ordering

Product Data Sheet

LCF78-50JA-AT7
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| 7/8" CELLFLEX® Premium Attenuation Low-Loss Foam-Dielectric Coaxial Cable

Product Description

CELLFLEX®7/8" premium attenuation low loss flexible cable

Application: Main feed line

7/8" CELLFLEX® Low-Loss Foam Dielectric

Features/Benefits

+ Ultra Low Attenuation

Coaxial Cable

The further reduced attenuation of CELLFLEX® premium attenuation coaxial cable results in extremly %ﬁ%%
efficient signal transfer in your RF system, especially at high frequencies. 1
+ Complete Shielding 05 0.0780 0.0238 85.0
The solid outer conductor of CELLFLEX® coaxial cable creates a continuous RFI/EMI shield that :g g:;g g-giig ggg
minimizes system interference T 1 OO T
* Low VSWR : 10 0.35 0.107 283
Special low VSWR versions of CELLFLEX® coaxial cables contribute to low system noise 20 0.49 0.152 20.0
» Outstanding Intermodulation Performance 30 0.612 0.186 16.2
CELLFLEX® coaxial cable?s solid inner and outer conductors virtually eliminate intermods 50 0793 0.242 25
Intermodulation performance is also confirmed with state-of-the-art equipment at the RFS factory 35 106 0329 .30
100 1.13 0.345 80
* High Power Rating 108 118 0358 | 842
Due to their low attenuation, outstanding heat transfer properties and temperature stabilized dielectric 150 1.39 0.425 7.15
matenals, CELLFLEX® cable provides safe long term operating life at high transmit power levels. 174 1.50 0.458 6.63
« Wide Range of Application 200 162 0.493 6.14
Typical areas of application are: feedlines for broadcast and terrestrial microwave antennas, wireless 2% 22 '302 g'g‘g? :'3;
cellular, PCS and ESMR base stations, cabling of antenna arrays, and radio equipment interconnects 250 247 0753 102
Technical Features gﬁ"g 321 g ;3? 3_?;
Structure 600 288 0.876 45
Inner conductor: Copper Tube mm (in) 9.32 (0.37) 700 3.12 0.95 19
Dielectric’ Foam Polyethylene mm (in 22 4 (0.88) 750 324 0.987 07
Outer conductor: Corrugated Copper mm (in) 252 (0.99) ggg gi? :gi ‘ g:
Jacket: Polyethylene, PE mm (in) 27.8(1.09) 894 356 108 27
Mechanical Properties 900 357 1.09 27
Weight, approximately kg/m (Ib/f)) 0.41 (0.28) 925 3.62 1.10 27
Minimum bending radius, single bending mm (in} 120 (5) 1%6(?0 g;g : g gg
Minimum bending radius, repeated bending mm (in) 250 (10) 1250 427 1.30 233
Bending moment [Nm (Ib-ft)] 13 (9.6) 1400 454 1.38 219
Max. tensile force N (Ib)] 1440 (324) 1500 471 1.44 211
| Recommended / maximum clamp spacing m ()] 08/1(275/3.25) 1;% gg? : g; : g:
Electrical Properties 2000 552 168 180
SHaRCEsic npedance: [ S0 2100 567 1.73 1.75
Relative propagation velocity %] 2200 582 1.77 1.71
Capacitance [pF/m (pF/ft)] 74 (22.5) 2400 6.11 1.86 1.63
Inductance [pH/m (pHAT)] 0.185 (0.056) 2500 6.25 1.91 1.5
Max_operating frequency GHz] 5 2600 6.39 1.95 1.5€
2700 6.53 1.99 1.52
Jacket spark test RMS v 8000 3000 6.93 211 1.43
Peak power rating kW] 85 3500 756 230 1.31
RF Peak vollage raling 2920 4000 8.16 249 1.22
DC Ice inner conductor [Q/km (Q/1000M)] 1.54 (0.47) 4900 9.17 2.80 1.08
DC 1ce outer conductor [Q/km (Q/1000M)) 1.55 (0.47) __5000 9.28 283 1.07

Recommended Temperature Range

Mean power rating at 40°C (104°F) ambient temperature

1755, 1850 - 1990,
Other Options:

2110 - 2155 MHz

Storage temy [*C (*F)] -701t0 85 (-94 10 185 )
Installation temperature ['C (F) 4010 60 (4010 140)
Operalion lemperature [*C (°F)] -50 to 85 (-58 to 185 )
Other Characteristics

Fire Performance: Halogene Free

VSWR Performance:  Premium for 698 - 794, 824 - 960, 1710 - 24 (1.135)

Phase slabilized and phase matched cables and assemblies are available upon request.

at 20°C (68°F) cable temperature

RFS The Clear Choice ®

[ LCF78-50JA-A7

Rev: C/30.Jul.2012

Print Date: 20.08.2015

Please visit us on the internet at hitp://www. rfsworld.com/

o
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LOG - PERIODIC Aerials

LP45F LP SERIES

Main Specifications

Log-periodic pre-assembled aerials characterized by:
extremely easy connection due to the connector being
located near the mast clamp. High level design of the
dipole connection guarantees a highly reliable RF contact.
Due to the specific mast clamp these aerials can be
assembled in vertical or horizontal polarisation without
additional accessories. They are characterized by
excellent mechanical clamp resistance of the boom
elements, excellent mechanical resistance at the rotation
around the mast and good electrical performances.

F connector is protected by a cap with bayonet clamp.

Bandwidth 862MHz

Impedance 75 Ohm

UHF Band

60 mm is the maximum mast clamp
diameter

GAIN (Band
UHF)

X: Frequency
{(MHz)

Y: gain ISO
(dBi) :

Gain ISO [dBi]

Frequency [MHz]

' K} 1 fracarro.com Thailand distributor: www.hstn.co.th/fracarro

UAIAINTIN &.8.9.

| Description | Unit | _LP45F

Fracarro code 216149
Elements No. 6
Band UHF
Channels E21-E69
Technical Characteristics

Bandwidth MHz 470-862
Maximum Gain dBi 1"
Front-to-back ratio dB 36
Return loss dB -15
Beamwidth (-3dB) : +/-28
Impedance Ohm 75
Connector Type F
Maximum mast mm 60
Dimensions mm 99 x 32

DIRECTIVITY
(Band UHF)

141



142

NARNUIN §Y

Promax Ranger Neo 4

o a

&nIenssu a.a.m.



=

©

A PROMAX

BROADCAST, CABLE, SATELITE,
IPTV, OPTICAL FIBRE AND WIFI

TV & SPECTRUM
ANALYZERS

www.promaxelectronics.com

(Wl Lin]-)

AnIFINISL d.8.7.

143



PRONMAX

SPECIFICATIONS RANGER Neo Lite RANGER Neo + RANGER Neo 2 RANGER Neo 3 | RANGER Neo 4
DIGITAL BROADCAST DVB-T/T2, DVB-T2 lite Alsoincludes. Also includes
STANDARDS DVB-CiC2 MPEG-TS DVE-T2-MI
DvB-s/s2
DVB-52 Multistream
ISDB-TITa
DSS, ACM /| VCM / CCM
AUDIO CODECS MPEG-1, MPEG-2, AAC, HE-AAC, Dolby Digital, Daby Digital Plus
VIDEO CODECS MPEG-2, MPEG-4 / H.264, HEVC / H.265
INPUTS AND OUTPUTS - Universal RF input 50/75 Q Also includes: . Also includes
-HDMI output = ASI-TS input and output |- 1 pps input
-IP interface for remote control (BNC Femaie, 75 Q)
- Analogue Video/Audio input - IPTV multicast input
-2xUSB (Type-A) for data transfering (UDP/ RTP, RJ45)
- Common Interface siot
FUNCTIONS - Constellation diagram - PLS (Physical Layer ) -8 and D for - Servk g
-LTE ingress st - Uitra fast sp aly nepodts - Field strength measurement
- Dynamic analysis (70 ms sweep tima) - Beacon-Flyaways for SNG & VSAT - Task planner
- SteaithiD (instant identification - 4K Frame grabber - Wideband LNB
of lwning parametars) - MAX and MIN hold - WiFi 24 GHz
- FM RDS radio measurement and - LTE 1.8 GHz
decoding -OTT
ADDITIONAL FUNCTIONS - Merogram . Also includes: ... Also incudes: .. Allso includes:
- Specirogram - TS reconding - Network detay (OVB) 4K decoder
- Signal manitodng - TS analysis - DVB-T2-MI analysis
- Remote contrd (webContral) |- IPTV multicast
- MER by carrier measurament and decoding
- Video/Audio Sreaming
-SCAN + TILT
[ ~Shoulder alisouation
SPECTRUM ANALYZER
Frequency Margin From 5 - 1000 MHz (Termrestrial)
From 250 - 2500 MHz ( Satellite)
Measurement range From 10 - 130 dBpV
Span Full / 500 / 200/ 100/ 50/ 20/ 10 MHz
Resolution bandwidths 2 kHz (termrestrial)
100 kHz 100, 200 kHz 10, 20, 30, 40, 100, 200 kHz
1MHz 1 MHz
MEASUREMENT MODE (please
refer to STANDARDS section)
Frequency Margin From 5 - 1000 MHz (Terrestrial)
From 250 - 2350 MHz ( Satellite)
DVB-T COFDM Power (35 to 115 dBpV), CBER, VBER, MER, C/N, Link margin
DVB-T2 Base and Lite COFDM Power (35 to 115 dByV), CBER, C/N, LBER, MER, Link Margin, BCH ESR, LDP iterations, Wrong packets
DVB-C QAM Power (45 to 115 dBpV), BER, MER, C/N, Link margin
DvB-C2 COFDM Power (45 to 115 dBpV), CBER, MER, CUN, LBER, BCH ESR, LDP iterations, wrong packets
PAL, SECAM and NTSC M, N B G |, D KandL
FM radio Level measurement
DVB-S QPSK Power (35 to 115 dByV), CBER, MER, C/N, Link Margin
DVB-52 QPSK, BPSK, 16/32APSK | Power (35 to 115 dByuV), CBER, LBER, MER, C/N, BCH ESR, Wrong packets, Link Margin
DSS QPSK Power (35 to 115 dByV), CBER, VBER, MER, C/N, Link margin
INTERNAL STORAGE 6 GB for measurement protocols, screenshots and transport stream recordings
PC CONNECTION MNellpdate 4 (free software) + Free and fi pdates + User i plans
(via ethernet interface) + Measurement reports and screenshots
GENERAL Hybrid operation: Touch screen (77) or conventional keyboard
DISEQC 2.x generator (DISEqC 1.2 commands implemented)
dCSS/ SCD 2 (ENS0607) and SATCR/SCD (ENS50494)
BATTERY »2h > 4 h (smart battery)
HARD CASE Optional Included
OPTIONS RANGERNeo + RANGERNeo 2 RANGERNeo 3 RANGERNeo 4
GPS Coverage Analysis Avaiable Available Included Included
Advanced DAB/DAB+ analyzer - Available Available Avalable
Advanced FM radio analyzer - Available Available Avalable
Rack assembly 19" 4U: 482 (W.) x 178 (H.) x 205 (D.) mm Avaiable Available Available Avaiable
OPM + Oplical-to-RF converter « WIFi5 GHz + LTE 26 GHz + 8 GHz RF input | Avaiable Available Available Avalable
WiFi § GHz + LTE 2.6 GHz + 6 GHz RF input Avalable Available Available Available

SPECIFICATIONS REFER TO EUROPEAN VERSION

o

AnIFINISL d.8.7.
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RANGERNeo TV analyzers

A new breed of analyzers for a new world

Included
Optional

[« BN

HD RANGER

3 2 + Lite e gco
ove ove
1SDB-T ISDB-T

g
ove

ATSC ove ove

g
2

4K decoder
HEVC H.265 decoder + 4K Frame Grabber
MPEG-2 and MPEG-4 H.264 decoder
Touch screen
Wide band LNB Compatibility (wbLNB)
2.4 GHz Wi-Fi analyzer
1.8 GHzLTE
oTT
Service recording
HDMI output
Video/Audio input ' v
USB interface nTpeA HTypeA 2xTypeA xTypeA 2uTypeA 2xTypeA Z:TypeA HxTypsA  lxMnUSE  TxMiniUSB
Battery time >4h >4h >4h >4 h >4h >4h >2h >2h >2h >2h

v

S A A N N ALY
R Y
L R R S SN
S0 SE SR L S W NE L AL S
I R R
O S N
LALLLLNAN Y
LRls skl

v
v
v

Resolution filter 100 kHz v v v 4 v
Resolution filters 200 kHz, 1 MHz v v

Resolution filters 2, 10, 20, 30, 40 kHz

Echoes analysis

Consteliation diagram

webControl and Video/Audio Streaming

Spectrogram

DVB-TIT2: Merogram and MER by carrier

SCAN + TILT

LSS

v v v

AN NYNAY
L W T Oh. SR YR B WL N5 8
LBL S SE TR %S TR N YN
ENENEN
b T A 8

Qi igiale s

-

IPTV analyzer

TS-ASI input and output

TS analysis and recording

Common Interface (encrypted channels)
Shoulder atienuation measurement
T2-MI

ALANAAA
L 08 N T S TR
b YR SRR T4 L
PSCSRSPNY

Network delay Margin (DVB)

GPS for drive test

Signal monitoring

Advanced DAB/DAB + analyzer

Advanced FM radio analyzer

OPM + Opticako-RF + WIFi 5G + LTE 2.6G + 6 G RF input
WiFi 5 GHz + LTE 2.6 GHz + 6 GHz RF input

0000« <
0000 « w5
o000
“0
o0 “0
<o

ATSC standard

ISDB-T standard

DVB-T/T2 standard

DVB-S/S2, DSS and ACM/VCM standards
DVB-C standard

DVB-C2 standard

QAM annex B standard

PSIP analysis

Closed Caption

R R
L TR TR TR TR
LWL T WE VR NS
LALLLLALY 00
LLNLNs
L U N N T Y oo
L T S5 Th S5
L L S6 A R VR VRS
LY SR NN
L SR NN

Soft carrying bag
Hard transport case

L35
LN
LSRN
LSRN
SR

www.promaxelectronics.com

o
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DESIGN AND SPECIFICATIONS ARE SUBJECT TO CHANGE S WITHOUT PRIOR NOTICE
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WUUTIBUNANSIndY | fdudin

nsnadnanufuluszuufiInaa

Thai PBS

Fufidufin _ 26/01/2566 111 _13.00 w.

d9uil 1 MIIAFYIULUY Line-of-Sight 1AINNE9Y89E183INTA 10 LUAT

11 a0uil _UTEN WMSANWNANWAYA UUNYS _AUa/MYe _UNNTEAD_BND/AUR _ UUNYT

i uumyS _ Latitude _ 13.867905

Longitude 100.515605

Foyaanmwandon Owevnauns Owevradios Owevnadva Clandies Maug

ANNGNTEAULINELA 2.93 18IS

1.2 punnvesdyaunsiminaiuaulussuufdnea 10 wWns

FFT 16K Ext. FFT 32K Ext. FFT 32K Ext. FFT 32K Ext. FFT 32K Ext.
GIF 19/128 GIF 19/256 GIF 19/256 GIF 19/256 GIF 1/128
MOD. 64-QAM MOD. 256-QAM MOD. 256-QAM MOD. 256-QAM, MOD. 256-QAM
FEC 3/5, PP2 FEC 3/5, PP2 FEC 3/5, PP4 3/5, PP8 FEC 1/2, PP7
Quality (0,1) 1 1 1 1 1
Power (dBuV) 43.8 44.0 47.0 47.0 46.9
C/N (dB) >28.6 >28.6 >31.60 >31.10 >31.60
MER (dB) 30.3 30.4 30.7 22.8 30.5
CBER 1.0E-06 6.3E-04 1.9E-04 1.9E-03 2.3E-04
LBER 1.0E-07 1.0E-08 1.0E-08 1.0E-07 1.0E-08

o

dnil

AIAINTTU d.8.9.
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32K Ext., 19/256, 256-QAM, 3/5, PP4

32K Ext., 19/256, 256-QAM, 3/5, PP8

32K Ext., 1/128, 256-QAM, 1/2, PPT

FFT 32K Ext. FFT 32K Ext. FFT 32K Ext. FFT 32K Ext. FFT 32K Ext.
GIF 1/128 GIF 1/128 GIF 1/128 GIF 1/128 GIF 1/128
MOD. 256-QAM MOD. 256-QAM MOD. 256-QAM MOD. 256-QAM MOD. 256-QAM
FEC 3/5, PPT FEC 2/3, PPT FEC 3/4, PPT FEC 4/5, PPT FEC 5/6, PPT
Quality (0,1) 1 1 1 1 1
Power (dBuV) 46.9 47.2 47.2 4a7.2 a7
C/N (dB) >31.10 >31.60 >31.40 >31.20 >30.90
MER (dB) 30.5 30.5 30.3 30.2 306
CBER 2.4E-04 2.4E-04 2.5E-04 2.9E-04 2.3E-04
LBER 1.0E-08 1.0E-08 1.0E-08 1.0E-08 1.0E-08

32K Ext., 17128, 256-QAM, 3/4, PP7

32K Ext., 1/128, 256-QAM, 4/5, PP7

32K Ext., 1/128, 256-QAM, 5/6, PPT7

o a

&nIenssu a.a.m.
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WUUTIBUNANSIndY | fdudin

nsnadnanufuluszuufInaa

Thai PBS

Fufidudin _03/02/2566 111 _13.30 w.

d9uil 1 MIIAFYIULUY Line-of-Sight 1AINNE9Y89E183INTA 10 LUAT

L1 @0muil _ @nunsugavia (@usali) _ fua/ueds 9990 8N/ | nsunnaviuas_

9T nIuMNNMUAS__ Latitude 13.8161108 Longitude 100.5527628

Foyaanmwandon Owevnauns Owevradios Owevnadva Clandies Maug

ANNGNTEAULINELA 2.12 18RS

1.2 punnvesdyaunsiminaiuaulussuufdnea 10 wWns

FFT 16K Ext. FFT 32K Ext. FFT 32K Ext. FFT 32K Ext. FFT 32K Ext.
GIF 19/128 GIF 19/256 GIF 19/256 GIF 19/256 GIF 1/128
MOD. 64-QAM MOD. 256-QAM MOD. 256-QAM MOD. 256-QAM, MOD. 256-QAM
FEC 3/5, PP2 FEC 3/5, PP2 FEC 3/5, PP4 3/5, PP8 FEC 1/2, PP7
Quality (0,1) 1 1 1 1 1
Power (dBuV) 55.20 54.4 54.5 54.5 54.2
C/N (dB) >38.8 >38.3 >38.6 >38.1 >37.5
MER (dB) 33.10 32.9 33.1 24.8 325
CBER 1.0E-06 3.5E-05 3.9E-05 1.2E-03 1.1E-04
LBER 1.0E-08 1.0E-08 1.0E-08 1.0E-08 1.0E-08

o

dnil

AIAINTTU d.8.9.
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32K Ext., 19/256, 256-QAM, 3/5, PP4

32K Ext., 19/256, 256-QAM, 3/5, PP8

32K Ext., 1/128, 256-QAM, 1/2, PPT

FFT 32K Ext. FFT 32K Ext. FFT 32K Ext. FFT 32K Ext. FFT 32K Ext.
GIF 1/128 GIF 1/128 GIF 1/128 GIF 1/128 GIF 1/128
MOD. 256-QAM MOD. 256-QAM MOD. 256-QAM MOD. 256-QAM MOD. 256-QAM
FEC 3/5, PP7 FEC 2/3, PPT FEC 3/4, PPT FEC 4/5, PPT FEC 5/6, PPT
Quality (0,1) 1 1 1 1 1
Power (dBuV) 54.7 54.6 54.6 54.6 54.7
C/N (dB) >38.1 >38.3 >38.0 >37.9 >38.2
MER (dB) 322 32.6 32.5 32.7 32.3
CBER 9.9E-05 1.1E-04 1.2E-04 1.2E-04 1.1E-04
LBER 1.0E-08 1.0E-08 1.0E-08 1.0E-08 1.0E-08

32K Ext., 1/128, 256-QAM, 2/3, PP7

32K Ext., 1/128, 256-QAM, 3/4, PP7

o mar

SPECTRUM 273

32K Ext., 1/128, 256-QAM, 4/5, PP7

32K Ext., 1/128, 256-QAM, 5/6, PP7

o a
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WUUTIBUNANSIndY | fdudin

nsnadnanufuluszuufiInaa

Thai PBS

ufidufin _ 13/02/2566 1381 13.00 .

d9uil 1 MIIAFYIULUY Line-of-Sight 1AINNE9Y89E183INTA 10 LUAT

1.1 @0uil _ U3HW Planet Communication  #uUa/Wuae M43 81109/ UIY

Jmin NIUNNUMIUAS__ Latitude 13.844750

Longitude 100.632936

Foyaanmwandon Owevnauns Owevradios Owevnadva Clandies Maug

ANNGNTEAULMNELA 1.96 18IS

1.2 punnvesdyaunsiminaiuaulussuufdnea 10 wWns

FFT 16K Ext. FFT 32K Ext. FFT 32K Ext. FFT 32K Ext. FFT 32K Ext.
GIF 19/128 GIF 19/256 GIF 19/256 GIF 19/256 GIF 1/128
MOD. 64-QAM MOD. 256-QAM MOD. 256-QAM MOD. 256-QAM, MOD. 256-QAM
FEC 3/5, PP2 FEC 3/5, PP2 FEC 3/5, PP4 3/5, PP8 FEC 1/2, PP7
Quality (0,1) 1 1 1 1 1
Power (dBuV) 46.4 46.3 46.40 46.6 46.4
C/N (dB) >31.0 >30.6 >30.5 >30.9 >31.2
MER (dB) 30.3 31.4 30.00 15.8 30.2
CBER 5.4E-06 3.7E-04 4.9E-04 1.5E-02 5.6E-04
LBER 1.0E-08 1.0E-08 1.0E-08 1.0E-07 1.0E-08

o

dnil

AIAINTTU d.8.9.

151



32K Ext., 19/256, 256-QAM, 3/5, PP4

32K Ext., 19/256, 256-QAM, 3/5, PP8

32K Ext., 1/128, 256-QAM, 1/2, PPT

FFT 32K Ext. FFT 32K Ext. FFT 32K Ext. FFT 32K Ext. FFT 32K Ext.
GIF 1/128 GIF 1/128 GIF 1/128 GIF 1/128 GIF 1/128
MOD. 256-QAM MOD. 256-QAM MOD. 256-QAM MOD. 256-QAM MOD. 256-QAM
FEC 3/5, PPT FEC 2/3, PPT FEC 3/4, PPT FEC 4/5, PPT FEC 5/6, PPT
Quality (0,1) 1 1 1 1 1
Power (dBuV) 46.4 46.2 46.4 46.3 46.6
C/N (dB) >30.8 >31.0 >30.2 >30.6 >31.1
MER (dB) 30.0 299 30.3 30.3 30.2
CBER 5.8E-04 6.0E-04 5.2E-04 5.2E-04 5.3E-04
LBER 1.0E-08 1.0E-08 1.0E-08 1.0E-08 1.0E-08

32K Ext., 1/128, 256-QAM, 3/4, PP7

32K Ext., 1/128, 256-QAM, 4/5, PP7

32K Ext., 1/128, 256-QAM, 5/6, PP7
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FFT 16K Ext. FFT 32K Ext. FFT 32K Ext. FFT 32K Ext. FFT 32K Ext.
GIF 19/128 GIF 19/256 GIF 19/256 GIF 19/256 GIF 1/128
MOD. 64-QAM MOD. 256-QAM MOD. 256-QAM MOD. 256-QAM, MOD. 256-QAM
FEC 3/5, PP2 FEC 3/5, PP2 FEC 3/5, PP4 3/5, PP8 FEC 1/2, PP7
Quality (0,1) 1 1 1 1 1
Power (dBuV) 36.9 37.0 37.0 36.9 36.6
C/N (dB) >21.0 >21.1 >21.3 >21.4 >21.1
MER (dB) 23.9 23.4 23.7 - 237
CBER 6.7E-04 2.3E-02 2.4E-02 - 2.7TE-02
LBER 1.0E-07 1.0E-08 1.0E-08 - 1.0E-08
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32K Ext., 19/256, 256-QAM, 3/5, PP4

32K Ext., 19/256, 256-QAM, 3/5, PP8

32K Ext., 1/128, 256-QAM, 1/2, PPT

FFT 32K Ext. FFT 32K Ext. FFT 32K Ext. FFT 32K Ext. FFT 32K Ext.
GIF 1/128 GIF 1/128 GIF 1/128 GIF 1/128 GIF 1/128
MOD. 256-QAM MOD. 256-QAM MOD. 256-QAM MOD. 256-QAM MOD. 256-QAM
FEC 3/5, PP7 FEC 2/3, PPT FEC 3/4, PPT FEC 4/5, PPT FEC 5/6, PPT
Quality (0,1) 1 1 1 1 1
Power (dBuV) 37.0 36.9 36.7 34.0 36.7
C/N (dB) >21.5 >21.4 >21.1 >18.7 >21.4
MER (dB) 23..6 239 23.6 21.4 23.4
CBER 2.5E-02 2.5E-02 2.6E-02 5.1E-02 2.6E-02
LBER 1.0E-08 1.0E-08 1.0E-08 4.5E-06 1.0E-08

32K Ext., 1/128, 256-QAM, 2/3, PP7

32K Ext., 1/128, 256-QAM, 3/4, PP7
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32K Ext., 1/128, 256-QAM, 4/5, PP7

32K Ext., 1/128, 256-QAM, 5/6, PP7
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