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HDR Color gamut Bit rate

e HLG e Short term e 30 Mbps (Excellent)
- BT.709 e 20 Mbps (Very good)
- BT.2020 e 15 Mbps (Good)
e Longterm
- BT.2020

JUN 8 m3tdenldinalulad wnsgruimfetdesiumalulad UHD (4K) uagnisivuanislda
gns10asndmsunisesnaalnsyiai fiemalulag UHD (4K)
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1) walulad High Dynamic Range (HDR)

Scene Capture Post Production Display Close to the OriginLaJi

— B O A— O

' Contrast ' .

Scene Capture Post Production Display Less Original

_Contrast '

UM 9 mslSeuieuanuainsalumsianssgasidunvedseiuaiailuazaulnveunalulag
SDR wag HDR

fiwn: https://www.beng.com/en-us/knowledge-center/knowledge/hdr-troubleshooting-instruction.html

Humaluladfitelsinisuanmavesnmuaziflogniuiin annsauanssoazidonnin
uanensresszRuAIALaraTnldanBuaunBetu Fuveluniadenidaumelulad HOR uuy
HLG wlesnnifumeluladfiaunsasosiunmsuanmwansiulnsimifisessumalulad SOR uaglnsvieedi
sos5umalulad HDR ”Lugﬂuuu?ﬂlw] L1 HDR10, HDR10+ Way Dolby Vision Mlwuuganiunisg

%
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2) 11%331U Color gamut

---BT.709
—BT.2020
o White point
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03}
0.2}

0.1r

0

I " L L L L L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
X

JUT 10 nsw3guanuanansalun1suansdvesnggiu BT.709 way BT.2020
fiyn: https://www.researchgate.net/figure/gamut-of-the-BT709-and-BT2020-color-space-and-HVS-gamut-
represented-with-a-ClE-xy figl 337621383
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wansdlFundelunarannsouansdiiviioundelndiAsafuafinuyudaiusoueufuuindsiy
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113514 BT.709 %39319557U BT.2020 1nldlunisnnassesnainialvsvieus memalulag UHD (4K)
Josnidemiifinnueudngads UHD (aK) fignudslutssindlnetiudnivaasgnadadennsgiu
BT.709 11nn3101015§714 BT.2020 agelsinin nsailunislussezeninseniendininnismeaed
ponormAlnsiimia fewalulad UHD (4K) Augnas aasasidenldauminsgiu BT.2020 dwiunis
wamemiifinnunudngedriely

sulUfsmssmuasasdnsadmiunimaasteananialnsiiainiafiuiulussuy

Adviamewmalulag UHD (4K) Ngnudseenidu 3 sedufie nsesnainialnsiiaiv demalulad UHD

'
a o a

(4K) N19m31TAL5R 30 Mbps, 20 Mbps waz 15 Mbps Fe8ns1dasniltd1miun1Te0na 1A ANLANAINAY
HuazusuenfinmunImaein1sesnaIn1angsusnazlasu laeidnsidnsn 15 Mbps aziduasian

aunsaldluniseenanmalnsieiniaiiulussuuAdviasewmalulad UHD (4K) IneiigSusudalasy
UszaunsalimifanelalunisSuvallemanuaudngads UHD (4K)

Y
=) 1

3. 5lofudl 31 flunaw 2566 : BadINsEEBLEBILATINT NENS T UsEIAlNE (@.8.5)
gRnsneaeteeanaAlnsiaineiuAuluszuUAITademalulad UHD (4K) iflesanasurimunnia
svognanfidiinan nany. ey elviesdnisnsraneldsaazuninwansisazwissemelne (a.a.m)
VIAG0408N8INA°
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4. 110 TUh 7 Wweu 2566 : 99ANITNTSANULALILATENTAINEIEITUE AU SEelng (@.8.7.)

ladnidsdeudesiodinau nany. L3esduganisnaasseanainidlnsviainianufulussuuaIiacne
wAlLlag UHD (4K) niaudenasneunan1snnaateanaIne andsdtnau nane.
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29ANINITEABdBILAZ NI N INENS ST sEWAlNg (6.8.9.)

24ANIINTEABEBILATUNTAINESITUE WU sEINALNY (a.8.9.) ladudunisnnasimaaey
nseenanAlnsiminmafiufuluszuuAiviadiemealulad UHD (aK) Tnsfifnguszasdifiolilddaya
Usenounsfissanidonmsiinesivanzay dwmiuniseenomelnsviminiaiuilussuuidade
wAlulad UHD (4K) dwiuusemdlngluewnan dedinsSuvaaemageuidesud 11 naednneu 2565
wazladn1sUsTyuTINTEndng d1UN9U NANTY. WALRIANIINTLINLFLIUALUNTNINAITI T AU TEINA
Ine (a.a.0.) Wedmuasuuuudyaunmdmiuseneinamemalulad UHD (4K) fansnedi 1

M15197 1 sULUUdyaanmdmiuesenanamemnalulag UHD (4K)

walulagunsgrumamaila walulad/annsgumamadaiidenld
Format UHD
Resolution 3480 x 2160
Scan Progressive
Frame rate 50 fps
Bit depth 10 Bit
Color space [TU-T BT.709 /ITU-T BT.2020*
High Dynamic Range: HDR HDR (HLG)
Chroma Subsampling 4:2:0

U DIANITNTLANYLASILALHNININETITUTWAIUSENA LN

vianewn: * Wumaden

Y

lngsUiuunIsnaasmageuasnaInIAlnsvialnaiuAulussuuAdTiasismalulag UHD (4K)
rgnuuteaniu 3 nsdl fie
1) N3l 1 NM599NDINAUUIATNEANLUU Single PLP MAaesanaIn1AniaaA WIS tiees

dedyaasynlagiu mumsnei 2
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A1599 2 Yansmesasdya gl

Parameters Value
FFT size 16K Extended
Guard Interval 19/128
Modulation 64-QAM
Code Rate 3/5
Pilot Pattern PP2
Guard Interval duration (uS) 266
Max. Multiplex Capacity (Mbps) @ MUX* 21.93
C/N Fixed Rooftop (dB) 15.17

NN DIANITNTLANYLASILALHNININETITUTWAIUSEINA LN

AN58eNNAMSTAUNANUAUlUS UUAIYIanenAlulad UHD (4K) vulasatnedy
LUU Single PLP Wuauguawiafndndgegnuatszuuwiniyu 21.93 Mbps 92a11135040a3535989516013
dusunisesnanialnsirlneiuRulussuUuRINa mewalulad UHD (4K) laniunisied 3

a (% [ a v a =3 6 1 a .
A15199 3 N159RETIONIIUNYBINARNANTUULATIULANLUY Single PLP

Resolution Bitrate (Mbps)
Option
UHD HD SD UHD HD SD
Option 1 1 - 2 15 - a4
Option 2 1 1 - 15 5 -

7UN: DIANITNTLANYLALILALHNTNINETITULWAIUSEINA LN

2) N3l 2 NM998NOINIAULIATITIBLANLUY Multiple PLP 1Hasandadnialunisansa
Joyau3nisvesgunsal viluldansadiunisnaaesuguiuy Multiple PLP a
3) asaldl 3 nsldmauaudlmiviesudunisuulassdnglml Feladenuuwinielunig

Tdmdumnudlmivseaniiunisuulassnglvi Inefinsuvsgansfweseandu 2 gn feil

3.1) M31nesyan 1 USuiUasue Pilot Pattern lngfiivualvinaeiiian

Uosfiu (Guard Interval: GI) IAwviniu 266 ps wWudgdtulassedagiu mumsiei 4
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A15799 4 Asdiwesilinaassdsdyaial UHD (4K) v0amsiiwnesynd 1

Parameters Value
FFT size 32K Extended
Guard Interval 19/256
Modulation 256-QAM
Code Rate 3/5
Pilot Pattern PP2 PP4 PP8
Guard Interval duration (uS) 266
Max. Multiplex Capacity (Mbps) @ MUX* 31.2 32.5 33.6
C/N Fixed Rooftop (dB) 19.58 19.18 18.54

AU DIANITNTLANULALILATNI AU TN A INe

3.2) Mailweiyail 2 Ysuinuidniteya (Code rate) lngidenmisniimes FFT

size, Pilot Pattern wa Guard Interval ldns1UeyaveddosdayauadadmiunsSudygiainsyiel

wuuegiuf (Fixed reception) AuA151991 5

M13197 5 A Eiwesiliveaeddsdyaias UHD (4K) vesmsniimesynil 2

Parameters Value
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 PP7
Guard Interval duration (uS) 28
Max. Multiplex Capacity (Mbps) @ MUX* 29.8 35.9 39.9 44.9 47.9 50.0
C/N Fixed Rooftop (dB) 16.29 18.44 20.02 22.06 23.56 24.38

7NN DIANITNTLANYLASILALHNININETITUTWAIUSENA LN

(%
Y a

Aty n1siiansandnassfafmanddmniunisdnassdiuiutedsnenisaziuegivens

a a o":l' S v v 41' d' oA o a 1 1
JNYRINITITLABSTLADN LTI LR8ANNANITNAGDINITITAAUANUD LN AL RUN1SURLATSIU el

& A a ¢ A Yo v | o X v | @ oA Y]
V]ﬂﬂﬁml,aaﬂwfﬁqllL@]@iLwaimﬂamﬁqmaiﬂam@ﬁ%@ﬂaﬁy]ﬁyﬂmﬁjﬂmu LLﬁﬂ‘Mﬂﬁ Gl m1nuU 266 MS EBULRYINU

lassnelagiu uaznsalidennisilinesnlndnsdeyavesosdygugegn avuSuluaeu code rate

IaenndesiuAmisilineiidenlyd awaunsadnassla 5 JULUY #5199 6
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A15197 6 MadanNN1TIRATTENI1URveBTaRwAnduulATIne T

Multiplex Allocation Option 1 | Option 2 | Option 3 | Option 4 | Option 5
Number of UHD@15M Channels 1 1 - 2 -
Number of UHD@20M Channels 1 - 1 - 2
Number of UHD@30M Channels - 1 1 - -
Total Channels 2 2 2 2 2
Bandwidth allocation Bit rate (kbps)
Video Bit Rate (CBR) 35000 45000 50000 30000 40000
Audio Bit Rate (2 track @70 kbps/channel) 420 420 420 420 420
Audio Description (1 track @35 kbps/channel) 140 140 140 140 140
Others 665.5 665.5 665.5 665.5 665.5
Total Bandwidth Allocation 36175.5 46175.5 51175.5% 31175.5 41175.5

: IANINTTBFBILALLNTNNES1T T WATUSEWN AN

[

e * Option 3 Wusdenidefiliaunsadnassiafmandfsessunisinassensdnvosdyaie

o

AMKUUAIN (Constant Bit rate) bl 1esandednianiumalulad DVB-T2 fianunsasessudnsingssn

Useanad 50.3 Mbps Aatiue1aaziaudululanazaiunsadnassuvundsduielilausslosiann

Statistical Multiplexing (StatMux)
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msmalulad UHD (4K) Widenlufanisinsiiadnaiudusazianismadensy
1. psumelulad UHD @K) Tldeilufanisinsviadnmefiuiulusyuusavialuouan
$198991nNansAnYILarn1saaetene N Alnsird e uAulussuURITadsmealulad
UHD (4K) shunuszrinsdiniminssukasinalulaglunanisnsyanedeaiasInsyiay @n vd.) wag
DIANIINTLIUFLIUALUNININAITITUEWUTEmAlNY (a.8.9.) IneaziBeamaluladuazuinsgiu
mamadafiieadesiumelulad UHD (4K) aumsnedi 7

A5 7 eazideamalulagilazinnsgumamatianiiietvasiumalulad UHD (4K)

wiAlulag/nsgiuniemnaila wielulad/Anpsgriumamedaiidonld
AaLLREn (Resolution) 3480 x 2160
9RT1@IUNIN (Aspect ratio) 16:9
ns sy (Frame rate) 50 Hz
ANENUDITUM (Bit depth) 8 %39 10 Un
nsinsady NI (Video Coding) HEVC (H.265)
NSt IRadeyades (Audio Coding) MPEG-4 HE AAC
¥33launiinga (High Dynamic Range: HDR) HLG %8 HDR10
99310 (Bit rate) 15 Mbps 20 Mbps 30 Mbps
(Good) (Very good) (Excellent)

NN DIANITNTLANYLASILALHNININENTITULWAIUSENANe

Tnopnuduldldlusunandmsunisesnanmainsiminaiuivlussuuisvasemalulad
UHD (4K) afunisesnennmealnsiainmafunvlussuuadiauuumuaudadni (SD) WazAUANTAE
(HD) TaelFarumisfiwesildluniseaneiniemiy Lﬁalaﬂﬁﬂiwuﬁaﬁuﬁmamqmmé’mmwm
aggnuusooniu 2 nad Téud 1) nsdifliuinislassinginsdmioaiiuiu (Mux) anasvde 4 51

2) nsglliuinislasanglnsviminiaiiuauy (Mux) 11w 5 518 auguit 11

__________ P ‘
| Y .
I (2)uHD + (10H 18 901 ||
[— .
(SO/HD) J{ WD T (2)uHD + (124D 14901 ||
470 - 694 MHz| 00— ————————= g —— I
(28 channels) } . ———————— oo —————= |
amioxs [ 1muxs |1 1| (@UHD + (14)HD + (6)5D 22 909 7|
o e
SD/HD UHD .
(SD/HD) WD ) : (2)UHD + (16)HD 18909 ||

U 11 anudululdlueuandmsunisesnanielnsiiminiafiufulussuuidamemnalulag UHD

(4K) syufun1seenMAlnsyialY wuuauALdAUNG (SD) wagAUANTRAES (HD)
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PINELUR)
* ANAINABILTIU 5 BBIAUDABNNTINNATINNY 1 Mux
** A159RNIMAMSTALMANUAUlUSTUURIamemAlulad UHD (4K) 8139

£OONDINAALRNIZUN

& oA oA ° | a A o | a A ! v ° )
WUN LUBDINN TUIUYDIAINUOLUADLNEN 5 YBIAIUR E)']"Uf\]glllLWENWE]G]E]ﬂ']{LGUQWUﬁWWTUﬂ'ﬁ

2RNRINANIUSLLNA

2. msinalulad 4k Tuldanulufianismadendu 817 uwanweasu Over-The-Top (OTT)

wwanWeosu Over-the-top (OTT) Wunsluinsillenaindesienisingyivd Aneuns 1ale

H1ulasangduwmeside vilidSusuaiunsasury ameuns 36 wiotllondneg Wiulasedig

Sumesiin lnvosrusenaundnvsunannesy OTT wQNUANININFUN 12 Fan slviunas OTT dany

negudmsudldusnisanunsasusuilomsineglamuanusieanis azanunsadeniuruesls Nlnuildve

= ] Y a Y = a ¢ & [ s ag Y a & Y] Y a
LWEJQLL@EEIGUUSﬂ"Iia']ﬂJ'ﬁﬂL%"Iﬂ\?@ﬂLVI@iLU@i@ %QLLWﬁ@W@ﬁﬂJVﬂMUﬁﬂ'ﬁ OoTT uuﬁ"lﬁJ'ﬁﬂi@ﬂﬁ‘Uﬂ'ﬁi%Uiﬂﬂlﬁ

Wevnilanuavideatunainateguuy saludsuisunanresudadinsliuinisitemniinnunauds

989 UHD (4K) naludseimanagsinauseina lagazinsidenldnumalulagen
Tusnisilemndaiuaudngds UHD (4K) Auandnaiuld dmsuunans

UNNLALLELINTDISUNNS
95U Over the top (OTT)

nelulseimansessunishivinisilamiaduaudngsds UHD (@K) Laun VIPA wag TruelD uaz

wnannasu Over the top (OTT) AeUseinaAnsesfunsiiuinsilemanuaudagedis UHD (4K) ay

AN5199 8

M135199 8 unamvlasu Over the top (OTT) sinsUsemaisessumslrusmsilovanuaudngsga UHD (4K)

wnannesy Pralauniings EEARIGEN BIT RATE
(Over the top: OTT) (High Dynamic Range: HDR) (Audio Systems)
Prime Video HDR10+/Dolby Vision Dolby Atmos ~ 15 - 20 Mbps
Netflix HDR10/Dolby Vision Dolby Atmos ~ 15 - 20 Mbps
Disney+ HDR10/Dolby Vision Dolby Atmos ~ 25 Mbps
iQIYI Vivid HDR/ Dolby Vision Dolby Atmos N/A

Live Ingest Live Encoder
b

E Packager CDN

Cache VOD Server

fian: https://www.telestream.net/video/sentry.htm

> Decoder

> Decoder

Devices

gth'?i 12 gaAUsEnaUvasNanasu Over-the-top (OTT Platform)
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original
footage >
origi
ginal
sound

video
codec

encoding decoding [>]

=

audio playback
codec

fian: https://bianor.com/|p/video-streaming-encoding/

5UN 13 nszviunsvinuvesiililarnensian i

IngesAUsznouvesunanlesy OTT axauisoutseonifunaisdiudess mugui 12
Tngazvonaniesiussnovdunisiiddyoddedmiuunanedy OTT Tufidesduazaonsita
(Codec) Faazgnuuseeniiiu 2 dw A 1.) futhsia (Encoden uaz 2.) Mnemsiia (Decoder) mugu
13 ewuhwaduaznesiiatuargnulsenaanidu 2 Vssn fail

1) frudnsvianaznensviainle (Video Codec)

1.1) H.264/ Advanced Video Coding (AVQ)

Wusduazaensia (Codec) ﬁgﬂﬁmuﬂmﬂ International Telecommunications
Union32uf7U International Organization for Standardization/International Electro technical Commission
%3H.264 Codec Igimumnandudnsiauasnonsiainle MPEG-2 Part 2 FeflenuaninsalumsTusainle
1§Rn41 MPEG-2 Part 2 Uszanas 50 % Taglaifinsamnimvosidle dedu H.264 Codec Fagnuinunld
sgunivanglugunsaiiaiesiu anfufaunanwesy usawes sludauildlddmiuniseonaine
Homeruaudngs (HD) knulnsimdaadiuiu a1ftey wasiadaits

1.2) H.265/ High Efficiency Video Coding (HEVC)

Juinduazaensiaialedignitamnain H.264 Tnegsimunieitu 39 H.265
szdimnuanansalunisdudnialenagsesfunisinluldauiiuinniy H.26d TngUszaniainveadn
ihsainleves H.265 fuszansnmlunstudaifledifniidudneiaialoves H.264 fa 2 w1 Taeill
fnsannuamvesiile dwalirudesnislumslidnunuudisignldlunisesneinianasmeidudiu
lefinsdenldsthsiaiale H.265 dmfusthsiaiale H.265 Sandlailigninluldnueeaumnsmane
SeiSsuiitsuiudadsaile H.264

Tuwivesiniugunsaiisesdunsnensiaiflonuy H.265 way H.264 azwui
Tutlagiiugunsaisesiunsnonsiainlowuu H.265 fidles 30% WeiFsuifisuiugunsaliiseaiunis
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https://www.itu.int/en/pages/default.aspx
https://www.itu.int/en/pages/default.aspx
https://www.iso.org/home.html

QOATHEIALOLUU H.264 saulufsunanviesussulatdiulvgdinssossuiiissuanisidiuazaonsiainte
WUU H.264 Wit

1.3) VP9
Dusuduazaensiaiflevia Open-source waghifinsifumavanslunsly
91U Fagnitmnlaefinuines Google Humneanuimnadninsives Google 93835UN1T00NTHa
aleuuu VP9 salufsgunsaifildarussuuufidanis Android Liuus1aees Chrome, Firefox way
wwannosuog1a YouTube Tnalunivosuszansnmaasitiuazaensiainle VP9 Wewseuiisuiv
Aulseansnnuesiiduaznensieainle H.265 azarunsawusidalunisidseuiisueanidu 3 Wide
Taun
1) Yszdnsnnlun1sdudn (Compression Efficiency) wuan @altnsnainle
WUU H.265 aziiuszansnmlunistusaiinnindewsouiioudu VP9 Tnsmnidenldeusidisiaiale
LUU H.265 atsannisldauuuusisdmiunisesneanmiaienuseana 0.6 - 38.2% Taglaifinsynu
funmuA MDD
2) N195095UN9ATUEITALITLAzYDS WIS (Hardware and Software
Support)
- A95093 U ULEINILIT (Software Support)

Aiduaznensiainla VP9 azgninluldlunnudndneives Google

wanasuansulaatnuansLnanneasy LWy YouTube, Amazon way Netflix sautudannstganulu
5¥UUU{URNNT Windows 10, Mac OS Wag Linux
faneasadnta H.265 gnirluldanudmsuiiiomaiees (Media Player)

waLlUsWNSUARRDIA LD
- N59995UNIAUBIIAIS (Hardware Support)

fnaasiadfle VP9 gninluldanulugunsalndsyuuujifinsweunsesn

(Android) Leftu 4.4 1Busly salfsszuuufinisleleles (0S) neddu 14.0 Wushly
fnansiadale H.265 gnialuldluaunsnlvunayinsvimilussuulfianig

wauAsaEA (Android)
3) szuzalglunisignsiaiInte (Encoding Time) 18319 aRALoLUY
H.265 Tdnandasnindidnsywaintokuy VP9

1.4) AOMedia Video (AV1)

I~ o v v aa a =1 < I a a al %

Jusdnuaznensiainleviia Open-source wazlufinsinuaiaanslunsldy
u Tududnuilsdidenuesiittazaansiainleniuseansnnlunistusanfninfidiwasnonsiia
AAleaga VP9 Useann 34 % winnAdefisgunsaifisessunisnensiainle AVL demslaiunsvaneunn

Unillaiiguivaunsalsesiunisaensiainlestna H.264, H.265 waz VPI
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TuNtaguaUTauieUUTEENS N INUBIF LU ILAL DDA IR LD TENINIAILT LAY

¥
P

nOASIEIALD AVL AU H.265 ag AV1 AU VP9 fadl
1.4.1) MawTeuiiguimiiniarnensiainlowuy AVL kaz H.265 aggnuus
Mmelunsiseuiisusanidu 3 wade lawn
1) Uszansamlun1stusa (Compression Efficiency)
Fndrsiainle AV1 §6ns1d1uveen1sTusaAinduie 30% Lile
WSguWeunuUsEansn e sialalanuy HEVC wag VP9
2) svvnanfiidlunisdswaiale (Encoding Time)
PNNANITNABBIUTIUTIBULIAIEMSUNISANTUNSIUITHEIA LDV
AV1 AUAILU1SEIR DB H.265 wudidnsiaintewuu AVL Tohatlunisandunsunnnind g nswa
2009819 H.265 019 3 N
3) N35995UMNIAUENIALISUAEYasHWIS (Hardware and Software
Support)
- ANIIDITUNIAIUTITAUIS (Hardware Support)
Hneasiaiale AVI: gunsaifisosfusuiuazaoasiainle AVL @

Tngjazgnihluldauiugunsalluszuulfifins Android 1u fiefie uazuiividn ae1slsnd gunsaln
seafusduavaensviaialowuy AV1 SandldunsvatelaiSeuiisuiudidinasaensiainlo Juwuy

A A Y I 9 o aa
R)Y! Lu@ﬂﬂ?ﬁ]ﬂ'ﬂﬂ“ﬁU“ﬁ@uﬁUaﬂﬂig‘U'J‘Uﬂ'ﬁLSU']LLagﬂ@ﬂi‘Via?ﬂIa AV1

Aanansaifle H.265: 3143UaUNTNNTISURIILAT00nTHATIALD
HEVC Tuviosnatnazddnuiuuinningunsainsessududiuasnensiainlead s AVL L8930
Y U A A v oo PxY; ¢
nsruINNskaznensiaialemidiuldiuaunsainnguuuy
- N199995UNIANULDINIIS (Software Support)
fnaasviaslowuy AV1: gnialulgeniuy Browser i Chrome, Firefox

wazunannoTLIRlean3uily 91U YouTube, Netflix ua Vimeo s3ulugunsalfignu@aann Microsoft

'
N o v W

waz Apple iauimuligunsalanunsasessuiidinaznonsviainlanuy AVL lusuandneie
Mnaasieddlewuy HEVC: gninluldeusiuiuresnuistsendiiudi

uazaeasiEiAlonuy AV1 owhededfameiumaanslunshluussgndlda
1.4.2) n19iUSguiiguiudlagnonsiaInleluy AVL wag VP9 aggnuus
Mdelunsseuiisusandu 4 wade laun
1) Uszansnmlunistuda (Compression Efficiency)
MNEANSIUS U UERIINSTUSAUDIF I LaE DaASHEIALBLUU AV
way VP9 wu sdnswainlewuu AVI S8nsnisTusainniimealuladidiegne VP9 Ussunnd 30% ug
fosuanusenisidnalunsistainlefiviuninmeluladdount waslinsnenslumsaniunisd

1NNAINALTUNY
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2) Usgdnsninnisitnsdainle (Encoding Efficiency)

Fdnswaialowuu AV1 sz avsandinniifadnsiainlouuu VP9 B
25% widpsnnnmvasinleilawmilausi

3) syenaniidlunsdisfaiale (Encoding Time)

szoznatlunsdisteasilovss AV tuasldnatuiuniinisidnsia
MLovod HEVC uag VP9 99 3 11

4) A155995UNNAIUENTALIS LAz EDSHILIS (Hardware and Software
Support)

- NN99995UNIAIUETSALAS (Hardware Support)

fnansiEdfle AV1: gunsalnsessuinensviainle AV1 dwlvgjazgn

Y

iluldnuiugunsalluszuuufifinig Android 1y fefle wazuiiuidn og13lsna gunsalisessusa
noAsvaiAlawuy AVL dipaldunsvansiliaiSeuiiuiudinensiainlelusuuuudu Wewieaiy
U v ¥ v A
FugauvINTTUIUM I UAznaATTEIALOYDY AV1

fanansiaisle VP9: gninluldnulugunsalnfssuuujianisueu

AseEM (Android) Asudiiestu 4.4 suilufeszuuuftAnislelewea (10S) eddu 14.0 iuduly
- AN99095UNIAULIHIAS (Software Support)

fnansiaddle AV1: gnilul¥auuu Browser 1w Chrome, Firefox e

wnanwesIAloanTuila 9E19YY YouTube, Netflix wa Vimeo Taulugunsalfignuénann Microsoft wag
Apple Maaimunligunsalaiunsnsesfun1snensiainleuu AV1 dnae
Aanansiaisle VPY: fudiuazaensiainte VP9 azgninluldlunn

NARAUTNUDY Google WnanwosuanINlnaInatslnanasy U YouTube, Amazon wag Netflix
suludanisldanulussuudRnig Windows 10, Mac OS wag Linux

2) ftuaznaasiaLdss (Audio Codec)

2.1) Advanced Audio Coding (AAC)

Lﬁuﬁ'fsL%’WLLazaamiﬁaLﬁmﬁgﬂﬁmmsiammﬂ MP3 Fadududuarnonsiva
Foauuuiitinisgyidedeyaunsedns esannszuiunsiusaditdesnin MP3 vililddeyaidaanmn
Feafiindn MP3 Tuvaigivunnvesdeyaidnamideriniu dusfumadeniadmiunshluvszondld
ufunsesnemAionLuLeveadauuLantiasusineg uinsEduaraensiado iyl
wngRuuiiFesnsiuneazBeavidenanmusades

2.2) Extended High Efficiency AAC (xHE-AAC)

Dusuduazaonstadodlasunsimuntumnen HE-AAC Tne Fraunhofer
IS FaldFuniseanuuulildfuuinisansuiisuassionisinsia esaniidnsnistudauasd
Usgdnsamas Fa9zdiaisndngadl 6 Kbps dmduszuuidsanuulalu way 12 Kbps m3uszuy
Feosamosle luaudls 500 Kops fidamninas Snvedianansausuidousnsinign (Adaptive Bitrate:

9 Y
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ABR) wa9n15idsiadedliegaainiaieniuanuiiveesetiedunesidn 5935Un1sAIUANAIINAS
fegraminansvugunsaifiuandiafu saulufssesfugunsalildemszuuufifnisuounsoss
(Android) Sausiiestu 9 svuuufiinisleleiea (05) Aaurnesdu 13 uavszuuUfiRinsiulad 11 4
sduazaensiadssddgninluldauluumaniesusedulanagna Netflix uazunanrlosulnifoaife
9819 Facebook Hay Instagram

2.3) Audio Codec -3 (AC-3) %39 Dolby Digital

Wududuaznensialdoaiigniamuiain AC1 uaz AC-2lay Dolby
Laboratories Fadusniisiadsuuiinsgaydedeyaunsdiu iesainnszuiunstusdn deazsessu
dnadaisnanani 32 Kbps lUaufessnidnisngaanil 640 Kbps saulufesosiuszuuidsauuy 5.1
Channel uaginansiaides AC-3 lagniluldaulunainvaiediu wu nmseeneinielnsvialdssuy
fdvia sruudeslulsaninound gunsaliisesiusruuujd@nisuounsesd (Android) leletea (10S)
#3lated (tvOS) S8 30819 Safari 11+ wag Microsoft edge Tusyuuufufnisiulad 10 sauluds
unasmasNARAAlaE1s Netflix way Amazon

2.4) Enhanced Audio Codec - 3 (EAC-3) 38 Dolby Digital Plus

L“fJué’hL%ﬂLLazaamﬁaLﬁmﬁgﬂﬁwmﬂm Dolby Digital (AC-3) Iae Dolby
Laboratories 339z5095UdnTAINA1gAT 32 Kops TUaufednsdnisngeanil 6,144 Kops saalufs
$993UTEUUIABILUU 5.1, 7.1 Channel dm¥ugunsaifisesiusnonsiaides EAC-3 anidugunsaidld
uluszuulelaiea (10S), wualewed (macOS), W3lotod (tvOS) wazluszuuUfumnis Microsoft’s
Windows 10

2.5) Audio Codec - 4 (AC-4)

Husduaznonsiaidssiignitannlag Dolby Laboratories daidusesiuszuy
W@EUWUU 5.1, 5.1.2, 7.1.4 Channel wags995u52UU Audio Object Tnsduaznonsiadestarinnslda
Tnsniianasiis 50% WenSsuifisuiudiiiuazaensiaidosodns EAC-3 anuansvaaeuiilothdaiii
waznensiadsailuldinly ATSC 3.0 nudesiimudasnslunisldaudneei 96 Kbps, 192 Kops,
288 Kbps dmsUszUULAENEND3 10 S3UUIEeS 5.1 Channel LagseUULESS 7.1+4 Channel a1ua1du d1msu
gUnsaifisesiusnensiiadessiindazusenoude nsimiuay Set-top boxes fignuamifioweluniv
glsU WsAnsidledia Wy Samsung, Sony, Huawei

2.6) Free Lossless Audio Codec (FLAC)

Husdhuazaeasiadssuuuiilsiinisgydedeya Aifinannszuiunsiusa
Yoy Fauvueuirdesmaninfurunvesdoyaideudnslug Jsanmgualuisosvesvuinvesteya
n&rann1siudn shlsigunsaiunassnvldanansonensiavioswioyafigniusaandaudrsviaidesd
1§ Filisduasnonstaidesdlildinmsldnuedunsvany
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2.7) ALAC (Apple Lossless Audio Codec)

Jusnduazneasiadeauuiilifinisgadedeya suideanannszuiums
Jusadoya vilianunsansganmveadoslinufn uidosuanunfmevuinvesioyaiuinnit FLAC
Wdniee %"’Q@f’wﬁwLLazaamiﬁaLﬁaqﬁgﬂﬁmme fluRauvesu3en Apple Wiosasdunisldausaudu

gunsalldauszuuufiinig 10S Wuman

Forsuauusduinasgiumskdniiomanuasdenaudngsds UHD (4K) dwmiudusznaunis

dmsudoiausnugdunnsgiunimdaiioniainuazidenaudageda UHD (4K) 1wy
Ausgnounslunisidenldaunaluladnin High Dynamic Range (HDR) imngauuazaonndesiv
waluladflafinmsiamunegsioides sulluismssiuanudesnsvesduslang lnsannadisateyans
T enuneluladnm HOR iosesiuidomenuasiBoauuuauaudngsds UHD (4K) vaaunanosa
OTT yrland1uau 52 umasmesuanesdns Ultra HD Forum Usingaugudl 14

Video streaming services

HDR Ecosystem Tracker fall 2022

=,
Disugp+
By acuw [ amazen @R )

I EXPLORERS

HLG

Samsung HDR10+

mecooo

NETFLIX
n Ea wdo stv+

@ ines @ sTINGRAY & iTunes

HDR10 . A plala EE¥ fupor
. ” (@7)sporr uitimate
g Tencent

Dolby Vision

FANDANGO

NOW

* Downloading, not streaming

fian: Climbing the Ultra HD OTT ladder — Ultra HD Forum

UM 14 wadhsanisidanumalulagam HDR luusazunanesy

31n3UN 14 azdaunaladl unaarlasuuinndl 90% zsessumalulagnin HOR wuu HDR10
wazunannasufsessumalulagnin HDR wuu Dolby Vision, HDR10+, HLG Useunay 60%, 30%, 5%
MINAIAU AINUIINHANITEITIATR AlatalaualuauIInIIuNTREALaMAUANTRAEIEY 4K

Wassudmiunisldnumalulagaim HOR 1 mngudaiienidesnisidenldaunalulagain HOR
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Mmhanldnusiuduiomanuaudngds 4k asidenldinalulagnin HOR Alasuniseeusunsegnly

Nuludwannesusgrsunsvatevalan wu walulagniw HDR Luu HDR10 %3® Dolby Vision %58

donldinaluladnim HOR muderivuavesunanwesy OTT kanlemaensunilemldesnainie

Tnginalulagnin HOR Nlasuanufisuuasgnillldenuilananislutieiuiy asiFoulouas

Antgaelulganunwanananuly Tuntagnanifemnuwnnanalus e eI avansdnsunisiimalulad

A HDR 1uy HDR10 Wag Dolby Vision snldausiufiunisudniilonaiuaudngeds UHD (4K) fadl

A15197 9 AdvEnSlunistwmeluladnm HOR wuu HDR10/HDR10+ lUldanu

HDR10/HDR10+ License fee

Category of adopter Annual Administration

License materials

Certification

requirement

Content company, Operating
System (OS) Company (e.g.
media or game publisher,

producer, game developer)

N/A - Technical Specifications

- Test Specifications

- Certification Mark

- HDR10+ Certification
- Mark Usage Guideline

N/A

fiun: https://hdr10plus.org/license-program/

A15197 10 Ardeanslunisumalulagnin HDR wuu Dolby Vision tUlgeu

Dolby Vision License Options

Category of adopter

Annual Administration

Dolby Vision Trims License

$ 1,000.00 USD

Dolby Vision eCMU License

$ 500.00 USD

Dolby Vision Annual License Upgrade

$1,500.00 USD

fun: https://visionlicense-ww.dolby.com/collections/dolby-vision-license-options
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ayunan1sUszyungueas (Focus Group) Mngadasiu 4K
na. ladnuszyniui 22 fugieu 2566 1 Hoan5iau 3 - 4 15ausudugs wisa Luasun3
nysmmamuAs Inedidnsaunisyssgandu yrainsandtineu nane. dunuainmienuildiueynys

Y
v

IusnisinsviminiaiuAulussuuRdia gunmuainainairenavnssy 91U 58 au tugruinusyyy
In15ULEUBNANISAN B ILAZNITNAABIBNINAMSIALAANUAWlUS UUAIVaAewALLlal 4K 1ae
% '3 = 1 | . o < ¥

AHNUIINDIANITNTEILFLIALUNTAINANT TUTLIUTEINALNY (ThaiPBS) Wagnsuliauayseiauniu
walladmsunsiivinmsinsviednienuauluszuuidnaluewien Wnedunuaindin va. lneduszau

mIelunuseyy fall

o Wmnsuazmsiunssrerduieiunimeassesnenidlnsimisemalulad ak
vselulssifuihdefiazduiiunmamaaeuluszezdaly aiazdosiildunsmaaey
mnumavisesNadwsilinmmegeuLasdolausuuziouiulsdlunisvaaey
srezinly

aa o

*  A5lEUPARANND 600 MHz d@1nsuiansinsvdlnIafuAulussUURINE
yFelulseiiupdunuddnsuiansinsiminanufuluszuufIaluauan 1ae

LADIALTIOULIINNINUIULDITIUNTT ANUANTA wazlaseang (MUX) Nazhaeiilu

AUIAA LD IANITAUNDITILIUA MU AU VL ADILTIU

o walulafdmiunsunsninsiminiafiuiu
wioiefumelulafdmiunsunsnainsiminefuilussuuadviamniinisld
walulad DVB-T2 witeutlagtu asvhlfanusalilasadsiiugiuveddaseneiy
14 wiilsiuungiooslumaunsnmanduluguuuuidy sl sndnsdeundas
wneluladlul 19y 56 Broadcast 138 ATSC 3.0 agviliildiladdunazilianslunig
uninmiiundu enavilissnauadlatumilnsiminefuiulussuuRaaldun
Y ufdonhnsinsilasadsiuguvedassislml yufaddsueiotuien
demansEnunaUTYIYY

* W19HmeslATITIY DVB-T2
v3aifeiunnimeslaseite DVB-T2 lusuian axldnuwmiloutagiuvieding
Wasuulamsdweslu uwiasduiinisfiwesiierfuanumuniuvesdyaio
wazUTununmssudstoya iwu madsumnniwesiilelilinedudedeyalduniu
usikanfuaInuTYesdyateras MaAsumaiwesliuiinsouaguann
Fundelinsiudaanaieiu Welnluuwmadoulunmsmmuamsiinesi

aglguluniseanannialusuian
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* Al
MIerasndugaluaygnlassiy mniinisdeluayyinlaseielniaglddnuiu

a1l 168 andwiduviold vnlduuwindufasillifidealdaediiuia
Tufndsaoniflvl usagldfuiinsouanuiviuiy vieasdinmsusudsusuuan il
11NN 168 @01l %V‘Tﬂﬁﬁuﬁmamqmmaaé“cgz:mmﬁumn%u vinluszenvu
dddnsiminefuaulussuuiavalduniy wifesdaldieuniulunsind

aniliiandu saunsAlginelunisungssnm

* gliusnislasadng
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wa (nj9Un3a) aalusing Multi-frequency Network (MFN) fae Guard Interval (GI) winfiu
1/128 awnsofudgau OVB-T2 admdnd fiyslaildluiuiinseunquniseanaime
nsimineituivluszuuidnea (Digital Terrestrial Television Broadcasting: DTTB) il
Faiiuszann 25 Alawng KUABBINANINTEIULULSA uaviadasiulnimidiiaduedasiy
Foyeyrau DVB-T2 ii8Udn HEVC Andslidmiunanstalusunsu UHD

wislneivessruuildlumamaasmsdedoyaos 4K UHDTV maftuduiidiiiuns

@, & o o ) )
Tutszinar sumauanalilunisng Auiinseunquuaniesdsdyauuandlinagy

M3 2 gemnsfineiiilinaesesnenia UHDTV vu DTT Wiaaa

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
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

Ainiemngsy a.an.
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M7 2 gemnsfiveiiilivnassesneinim UHDTV uu DTT Hiuaa (o)

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 10m

Coverage radius 25 km

Minimum median field strength 55 dBuV/m at 10 m

fevenanlnedsdygu 4K UHDTV mpiuusensnsudlamy (French Open)
Faduutsdumuiiasyfuuud iwﬁ"'adaﬁmtyﬂmﬁﬁ'uﬁnLLasgnvihsﬁav!mmlﬁ'luiwim
mvaaes  legagldmuauladunmsaievenannisudsdumudassauuiunei® - “French
Open” winifu

msldunanwosy dk-UHDTV Tunisarevenaanisutsdu French Open Tagldsns
sy 50 wiswdedunit deduanuvimemanalulal nsveassisnanlduwandliiiubs
mudululsivesnseenemeluszuy DVB-T2 fu UHD-TV #ifiduidnnamsvia HEVC juusn
Tudnedes lusswienmsudsiuthsnevesiaesiudiu (3 way 4 fiquisw) e
penomalifunisanenenanuu UHD Tusunsu 1 Tasldndes UHD ndeud 4 & Tunisuan
UHD 9% dwfunsudsduilmdeldndes UMD egfuiiindauuneinmdn axlddmiums
devenanlus1en1s UHD Tsunsu 1 dednsdeya 22.5 Mbps dmiu UHD TUsunsu 2
sanomeauuveerladnmeuns UHD dfimsdrsa fidewuieatunsa adulumg uay
Gousvas lnveenameluiieauesngy (Brittany) Medasitoya 17.5 Mbps

Balunindu seesfussjumnailifunisuannw UHDTV fidiedaendes UHDTV 4
fuarndes HD 2 ¢ iwawnadu UHD luhaesuilldsunstusedliiinswisudioy
AMAMYBINNYBITUTUNTU UHD, HD (1920x1080i/25) Uag SD (720x576i/25) uuniiae
UHDTV ey

dniniemnssy a.amn.
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lunmaneseygnesnemAlnsitminiauAuszuUATaea (DTTB) duuy Tnssau
AMNTUTedy "French Open’ wanauuminee UHDTV iieaifu ilewSouiiisunmamnis
Fujvealusunsu UHD, HD uay SD

Tunsansniinmssndumsiummudunniuuiioordmwasmatin fuauiiiss
#5ummam UHDTV Wuafiusn Tnegnisglisumsinsvimiluanmuandeudientuioniudu
Taeidlussesvinsfivanganiumine. UHDTV Ustanas 1.5 witwesmnaigevesaslnsyim
yavinee 65 i fusudnilug Ussanw 60 e 70 au fAndgunmvssnmlulusunsy
UHDTV tudeudnindauamwasnmiulusunsy SD way HD ilessindeiienssiiian
ansnandiauuusadunsliwiiupmeinig fudululildlu HO wasidssmeuiudug 8n
WINNY WY “TuaNatann milousueaiumtinng”

mavnaesiduiumeuddlugmadiad UHDTV meituduluvssimadiana 3
unanvesulnsiminiaitudussuuanea SD & HD uuwaswesumdnlunisdsdyeo
nsvimiwuudssens Taeiisemsauaudags (High Definition: HD) Wudlve) uandli
wiufemmudululdvesnisaevenan 4K UHDTV maiuiuuudormuaues UHDTV (W 1)
uazn1sHBgan 256 QAM OFDM fiuaeslusunsailu DTT Multiplex dwiusdnsvia UHDTV
Femsanoituusn uenvnifuandiiiiutuneunmumwuediusunsu UHDTV ieiieuity
Tusunsu HD (1920x1080i/25)

ool Jeagulddn  UHDTV  auugutasievesinsvimimmaudngs  (High
Definition Television: HDTV) agauuuau mn'ifaajﬂff u.wamvwlas'umidqﬁ'tyrmmmﬂﬁuﬁu
aK UHDTV ffananasdanslinuey Tasiithmneieativayuniswann UHDTV waznion
{Wnd UHDTV maituavludiaea Belundndu sndeyaiifieglutlegtudeatuiiguitian
yunewnamadauaziasvgmans  aguladnzannseddusunsy UHDTV (wa 1) aw
Wsunsulusiafméng DvB-T2 ludsemanFaealdnelud 2017

UseimAalu
Usewaauiin1snaanteaneainid UHDTV vanends tukausdl 2014 auile 2021

Towag il

MsvnaeIenaIMANNHRsinugUTIlA (Museo del Prado) 11a%a (Madrid) 2014
Radiotelevision Espafiola #ie RTVE gliuinisinsimiansisurvessuneeay
SufuunIngdeluamaiauwiingaunnia (Universidad Politécnica de Madrid: UPM) uag

uisvlulssmaauiifatosdug 1évinnisvaaes Ultra High Definition TV ¥ 2014 Tag

Ainiemngsy a.an.
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Ditd o e T 4 ) y Y ~ o
Faviransafieanuiiisiueiusle lutie “The Passion of the Prado” @en1swannIWAL

ANuaiden 4K (3840x2160 finiwa)

Y - - a o -
ﬂ'ﬁﬂﬂﬁalﬂuﬂﬁﬁLliﬂﬂﬂ'ﬁﬂﬂaadﬂaﬂﬁ']ﬂ']ﬂﬂia'uﬂijﬂwuﬂI.J.IBQMWTJWU']aU (Ciudad

¢ . % P ' v - P a ' o | W -
Universitaria) Faagnangiuanidoavilovenginnnia lasdsniasesdedyginlulsatou

Fmanssulnsauuiay (ETSI de Telecomunicacion — UPM) Tdnsidnswanin AVC/H.264 uay

Snsulsu 25p wisudedunit mnfudslinisdhsianin HEVC/H.265 isasusa 50p wsu

| a a - o & o o a U ' '
goIud ielinsindoulmsuiuiiu Insnadeuions1Unnaua 20 Mbps uie 35 Mbps dq

Fyosuu DVB-T2 iilesann DVB-T2 weulilddnsdalduszana 50 Mbps wuziisnsiin

voudygaldtis 35 Mbps Jedldnsrdndnawedivniiulusunsudwmsumneasulusuinn

a a o d o
msfiwesmanaliafiiertesiunismaaes dvazideaniunisi

M7 3 gemnsfivesiilivaasteoneinim UHDTV vu 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)

MsnnaBIeeneINAlaY The Chair of RTVE at UPM 439U 2016-2021
The Chair of RTVE at UPM gnéfatulut) 2015 Taeaamiianilefusyuring RTVE UPM

R v O o
waruiTmineates dnsdndnuenssunsiuine Uszneusie Cellnex, Dolby, Sapec

way Televes Corporation ¥iwti#lsiA1u3nuifu The Chair of RTVE at UPM Tngvinen

Ainiemngsy a.an.

39|Page



iy Abacanto ¥hn13vinas UHDTV wianeasslutasd 2016 - 2021 fimusauiioidana
gnisewinamhenuisivlunanefanssy ei msineusy M3l 9ATINIS warnns
wouns egulsimuneusziinsamnuludennas RTVE uay UPM ldiinissauiiedilunis
fnlunssneg egreuuda 1y mavaaes UHD afausnuu DTT vensvaaes HD uu DTT
wuuBumesueaiiiiuniausn

winegiliaqusrasdiiuandeiu - uinsesnanimdudiudidyedisbivesionssy
484 The Chair of RTVE at UPM gaialugmswaunuszaunsel UHD snsnslutaamans il
K ekl anssuns RTVE Iddrsanntsvaaes UHD uu DTT vaneada dslai
weauanandliiiuinseuns UHD vldedauasiiusvavsnmindu uidsiusdeiives
mslanmsgiulvi 1wy DVB-T2, HEVC uay AC-4 illanant@uansnaiu weidrfansldndu
auiiingitiussavsamanniu  uasdyguiatutuauindinntudenuasdilwii
s Uy UHD 1%u HDR - High Dynamic Range, HFR — High Frame Rate, WCG
- Wide Color Gamut %38 NGA — Next Generation Audio

Cellnex wilsluanBnuesnnignssumsivine 1édudunsvaasseoneinim UHD
DVB-T2 edwsaiilesiudfuddud 2016 Wunmmeaeshusuveay finquszasdLiowiiy

mssudygu Insldwsiimesviavelaiiswazideanmiss

M3 4 gemnsfineiiilivnaetesneinim UHDTV vu 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)

dnindmingsy a.an.
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M3 4 gemndivesilivnastesneinim UHDTV vu DTT awu 2016-2021 (sie)

Transmitting station

Mijas — Malaga Ch 26

Torrespainia 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 Coruna 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 (ELl 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

dindmingsu a.an.
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M 4 yawnsinesilivaasioaneinim UHDTV uu DTT awu 2016-2021 (de)

Pilot pattern PP2

Theoretical capacity 33.4 Mbps

NMAABY UHDTV 9nl5dagAsvad (Teatro Real) wisnjanasn U 2016

dlefuil 21 wwwieu 2016 The Chair of RTVE at UPM idhsaumsdievesanlowsn
Parsifal luguuwuy UHD @43i3silae Teatro Real, RTVE wag Hispasat fednyayn 4K iisns
wlsu 50 nweedunil devesdanlne RTVE lu Teatro Real waresneIniaAw1u Hispasat
wisnnidswanw HEVC wazidhsviades E-AC-3 uuuidualmi Snsrdmadeiiusvana 30
Mbps fimsfimungaiudtyeas 4 uvs Toun Tsanmeuns Kinepolis Tunganain veusse
Prado del Rey uay ETSIT-UPM uarwenas Collserola Tuundiglaun dedtysyrousaesnnsgiu
lwivea Digital Terrestrial Television (DVB-T2) ﬂsa‘uaquﬁuﬁwmm‘lm}jiau Ciudad
Universitaria Tunganndn Taeldmnni 658 MHz (UHF ves 44) Tunsdedayin

Cellnex  Yinmsvaaesdnuuifisanungudnsyeidomazuninn - Collserola
Tnoifesiuirnseunquisniilonndielaun wisflineiues COFOM wuagan vsisaeans
naans Tnsdedygio DVB-T2 Tuluum 32K extended, Gl 1/128 wag PP7 Single PLP
fvuaseNegian 64-QAM war FEC 3/4 viligasOnininluldldgeaaidu 32.6 Mbps

M3 5 yawsdineiiilivaasisaneinim UHDTV uu 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-S2
Frequencies UP: 14 408 MHz

DOWN: 11 608 MHz

Polarity Vertical
Symbol rate 15 Msym

dindmingsy a.an.
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M3 5 gemnsdivesiilivnastesneinim UHDTV vu DTT awu 2016 (se)

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

NIMARBIIINNIEIIYIIMAN (Palacio Real) njanasa U 2017

dlo¥uil 5 nsngiAu 2017 The Chair of RTVE at UPM ii1sammstnevenanyna
Insitmiadausnluaudemalulad 4k High Dynamic Range (HDR) pmiaziden 4K vie
Ultra High Definition iumildlunisufiimamaluladiidrfauesnmmuasiduasimunlug
HOR  Safumnsgiulvivessunimeesnmiliiueuainauasysuamnavesifuiiainauay
luiiila

Fyayau ak gnidrsiialagldinmsgiu HEVC Affumuadhassdnuae T6un Yoyaum
wunsifiirfuleiu HOR10 wasdeyawmuuulaudinfiiniuldiu Dolby Vision Tuma
ndufu desgnuinsialald E-AC-3 (5.1) Mdasdn 128 kbps PID veudusiiassgnidnsvia
iy AC-6 mMudns1n 48 kbps fonmlnsauuszana 30 Mbps

doyauitieenamaludemaaeu 4K UHD ves Cellnex Telecom 31nAudnszany

- ' o ' < | '
LAYAULAZTUNINN Torrespana Twne3a vuguaud UHF 9es 32 lu Barcelona uugu

dindmingsu a.an.
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AR UHF 909 43 uarlu Sevilla uughuarud UHF ves 36 Taeldwiniiweslunisds
dryeyreu DVB-T2 1 Tvum 32K extended, GI 1/8 way pilot pattern PP2 Single PLP fiviun
fhevegian 256-0AM wag FEC 2/3 yhlWildnsdniildlegean windu 334 Mbps uaz

° v o fd ¥V ow v o v
Sududeaiinsimindhulanuausnvarvesdyyradmivoeadygyu

MM 6 Ymdineiiilivnassesneinia UHDTV vu 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

Torrespana 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

dindmingsy a.an.
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N1Mnass UHD-Phase 2 U 2018

n5vInaBs UHDTV ilimnuanysaifigalugumemmamaiiafivszaunnudiia Aintu
Tuiuii 4 manen 2018 lumsveassldtinauemsudnuarmsesnemadayaaiiaysalues
UHD1-Phase 2 ihundausnlutsanaay \inaannisiidausaanes The Chair of RTVE at
UPM, Abacanto Soluciones, SGO, Camaledn Rental, LG gz SONY

nsdsdeyayadldunnsgiu DVB-T2 wuu 4K Ultra High Definition, High Frame Rate
(HFR) g3 100 \WsNsaIW, High Dynamic Range (HDR) 14 HDR 10, Wide Color Gamut
(WCG) 14 ITU-R BT.2020 uaz Next Generation Audio (NGA) dwiunisidnswadeyeanin
uazidss 14 HEVC wag AC-6 muddu

Fryareu DVB-T2 eonetndain ETSIT UPM Tu Ciudad Universitaria (1193m) 11149
%94 44 vuguamd UHF (dunistmusdansnilifu The Chair of RTVE at UPM Tag
Secretaria de Estado para el Avance Digital &75UN15MAaBINAADY) LazN13 Y83 4K UHD
¥4 Cellnex Telecom MNAUINTLIBIABILGLUNTAIN Torrespana Uar San Fernando de
Henares lu Madrid (uughupmd UHF %8s 32), Collserola waz Baix Llobregat Tu
Barcelona (Uugumafl UHF 994 43), Valencina lu Sevilla (uuguawidl UHF daq 36),
Mijas Tu Malaga (UuguauE UHF %04 26) uawshenusauiioves Televés Corporation,
Monte Pedroso lu Santiago de Compostela (Uugumud UHF ¥os 33) rmun
Amnsiimeslunisdedyiu DVB-T2 Wuluun 32K extended, Gl 1/8 wag Pilot Pattern
PP2 Single PLP fuundsnisueguan 256 QAM wag FEC 2/3 yihl¥iishsndnilldgean wiriu
33.4 Mbps

M 7 gamiinesilinaasseaneinim UHDTV vy 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

dindmingsu a.an.

45|Page



M3 7 gemnsdivesiilivnastesneinim UHDTV vu DTT awu 2018 (se)

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

Transmitting station Mijas — Malaga ch 26

Torrespana 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

N3vnaBIe8NeINNA UHD-8K Uy DVB-T2 U 2020

io¥uil 21 matAu The Chair of RTVE at UPM ldiauslvifinseenainiadayayin
UHD 8K lu DVB-T2 fundusnilan Taeintuainausiuiiovesaundnvesnssumsi
USnwwnuwmealulad Teun Cellnex Telecom, Dolby, Sapec way Televés Corporation

(Gsertel, TRedess uag Televés) 5aufla Abacanto Tuguggatuayu Tas SONY Taau

dindmingsu a.an.
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sadlelunissudyan SGO way Abacanto sauiiafiuvi post-production Samsung Uag LG
Fuanfiunmstumsadianiw

nsdsdyayradldunsgiu DVB-T2 lneilnadnumsvedyyiu saeluil

- awanden 8K Innmiiiiauasden 7680 x 4320 Aniea dailawazdoadu
Aviwes UHD e 4K

- High Dynamic Range (HDR) sheilafdunsiudines HLG (Hybrid Log-Gamma) a1
1M5§1U STD-B67 1ne) ARIB (A1NANSINALAYENAIMNTTUING)

- High Frame Rate (HFR) 50 i susia3undi

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

- dBawuunanevosdyeyid 5.1.4

imasiignussyasludygauiinasnn - Sududesiiinasguiivssavsnimlums
Tudagauavannsodedyaiidnuuzdananld asldinesgiu HEVC Aunsidhsianm
Hnsgu Dolby ACA Aumsidavades welinilehiinstusauasdygniinensen
wudiinuninggn uavléinnsgiu Dve-T2 lumsaaiem

msufunniwesmsiudaetnumnzauilransaiusniisnsdnage 30 Mbps
vosnuammsiuruamluseiugs  wasileosmiutesdyyiandes  wagmsngnIaTua
welldsnsdasnia 32 Mops fioyaaliaunsndeuutesdtyan DVB-T2 ifiseadon
AR

Fyaeenenimn Head end filsadouimnssuinsauuinu UPM o'?aag'lul.ﬂaq
wnenduuwiingeneda wees 44 uugwmud UHF 8 State Secretariat of
Telecommunications and Digital Infrastructures — SETID lafwualsiiu The Chair of
RVTE at UPM Mi8unsdhasmdmiunisesnemanaaey dyaia 8K froenoinelutes
UHD fieeneinialag Cellnex Telecom mnquénimwtﬁmuasuwimwm Torrespara
uwag San Fernando de Henares 'lunjamﬂ‘%ﬂ 9184 36; Collserola uay Baix Llobregat Tu
Barcelona n13%84 43; Valencina Tu Seville n1ave4 36; Mijas Tu Malaga n1a%e4 26; Monte
Pedroso lu Santiago de Compostela n13%84 33; La Muela Tu Zaragoza netios 23; way
Torrente Tu Velencia nates 41

Mnmesmawata  Sandaveademamuasdesiifunacregivssinn 32
Mbps Wsilmesnsuegian COFDM #ldlunisdsdeyiaminu DVB-T2 990 Head end 7
UPM Ju 32K extended, Gl 1/128 wa Pilot Pattern PP7 Single PLP l¥n1suegian 64-
QAM uag 5/6 FEC serniirmunil vlilednstnifldgeaauszain 36 Mbps dldlunsds

dindmingsy a.an.
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wemlslaglivindoRananlag  wazmsiudygaiandu RTVE ldgndes dwmiums

2an8IN1AYeY UHD lae Cellnex Telecom ldwisndiwasnmsuegianlunisdsdygyos DVB-
T2 Wlu 32K Extended, 256-QAM, Gl 1/8, PP2, FEC 2/3, SISO Lﬂﬂﬂ’ﬁﬁ’l%ﬂﬂﬁ’]'}ﬂ‘ﬁﬁ’m%’u
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YDIUIMS

M3 8 gamn9fineiiilivinaasoonenia 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 514

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

Torrespaina 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

dindmingsy a.an.
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M3 8 yawsdineiiildviaasisaneinim UHDTV 8K uu DTT awu 2020 (sie)

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

MsvnaeUsEay UHD Ussinaaiu U 2021
¥ 2021 fimsnedsanian UHD @y 31nnsiaiusinvesussminnnidt 30 wi
a a a o a o v a o
wesmEuynatlugaamnssuietighuinnsiaul UHD Tuailu aunaudsenaumeuitn
} o ) v - | o a
nnuawdndwniulugramnssundulidminlunsiann . UHD  Tuawu 01
UTtvERaauazgeanaINImauenIHan UHD dmiunismaaes glvuinisiassdneldlaseing
PR il \ ' 'R () Y oo
iedailoviuaniiidsdyaasnnndt 40 wiv vis DTT wazmsdsiuaidien gliuinng

v

v a o o ' ) o oA a @
suwmalipaiuayuiaTesds gunsalidisvia madiond waruinisaniuile uavgnanivnavied
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Hredamyalnsvimidmiumsansaitetisairaszuuiing UHD uasmsiuiveaffuslnaiinng
W

mavaaes UHD Tuaivu Usenaudny wadiend UHD aesszuu dwduds HDR wils
andu uay SDR wilsandulugiasmeniaiuduuaglasisamifisudmiumsuniasounqy
nh 40 dles vumeuRuLasTIUsTIARuaTTien Vimsiduaiudeuinsdumeiuen
Findiaels SmartTV 74 HobTV 2.0 Whiailenldlaelduinsansa

mvaasssznauseindedsdyaangliuinslasmie éun Cellnex, Axion
uaz Telecom CLM Tasat1e Cellnex Usenausiae anildsdayeyios 35 wis Asaunau 37%
v29Us¥ns nszateeylu 31 Janinvesailu asene Axion Usenausig \n30vdsdnyayeu 4
1A30e Maglu Andalucia Axion uagginszaneldouazunsnmansIsne Radio y Television
de Andalucia (RTVA) ¥i3udsdoyeyras DVB-T2 Tud 2016 lusm 4k Summit fisagailu
Sevilla TngldiaTasds 500w Hrdsdseanainia 10kw nanildsdayaiadu Valencina

Tl 2017 Taoidedoyaalvilu Mias Finseunay Malaga TneldinTesdedynyinu
1A 300 fifnddseeneinie 6.6 Alatad giiudluuulaseing UHD #isuesnaimalu
U 4k Summit 2017 dmsdsdrygiaduzuiuu HDR W1 HLG way PQ10 \fielianansa
Wisuiilbusnsgiu HOR vaaesli Tne3uldvislu Seville uaz Malaga

1wl 2018 finsanenenanaiu “XLI Exhibicion de ganches de caballos en Ronda”
Tuguuuy UHD Fududunilevesnisvaass

Tud 2021 Axion Wiiisn3osdsdoyy1audn 4 1e3es lu Grannada 970 Parapanda lu
994 48 lu Huelva 970 Punta Umbria Tusias 38 Tu Cadiz 910 San Cristobal Tuties 44 uaz
lu Cordoba 910 Lagar de la Cruz ludies 43 Tdwisniimesnnsasdyayins DVB-T2 Wy 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 i3upenanialul 2019 Taeldiedesdedyaia 2 wdes Tulasse
WU SFN iteliseunquitaiiies Toledo eaneIMARBIMLY UHD 91n RTVE Way Ente
Publico de Radiotelevision Castilla la Mancha (CMM)

Tull 2020 msveass UHD Tugiinia Castilla la Mancha léifinanniidedayaos
Lﬁmﬁulﬁa‘lﬁﬂiamqmﬁm Ciudad Real, Cuenca, Albacete way Guadalajara lagld

MARNBIAINIT
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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 Il (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 - 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

ERP: 100 W - Valle Tiétar Ch 35 (coming soon)
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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

Usemaaiay

Tuil 23 unsAN 2014 nsdedyn oK Tulssmeaadiou induiiteatu Teracom
“TV-Puls” 1Jumndn Tumseenamenilsdunvineunaraesduavivdsainiudnau Tdandy
Mhsaudraesaniueenomaaduiulutisiaidingn ansudl 1 gnidrsiauvueenlal

' oA ' a o ' a X o - '
dwaesui 2 gnaslaggnanlaenss vitlilinsumniinesvesaniul Jadtygyra 4K Ngnds

o

vulAsewne DTT d51wasidennsfinosniniss

M3 10 Yawiimesilineasieenainia UHDTV uu OTT adiay

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

dinimnssy a.dan.
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’ 31.7 Mbps

Theoretical capacity

AI1YIUIANT
v & o | @ o v o i

Y 2014 anundouveaiien 4K dwsunmswiaduimassnemsddgyiiduiiauls
'Uaaﬁ’lﬁ'ﬁfux'luﬁ’mqq%’au fie FIFA World Cup luuszimeAusn@a uaz Commonwealth
« o dd v e & vy
Games Tunaalnd) vl BBC anansanaaeuyansmaaesiiiettesiumameunsiizonls
suiinveaeansunoumuvieeulatrm DVB-DASH Argiva dududliuinislasadieds
1Y) oA A ) o w e 1) v a & ed
dynyruves BBC lasanenidiiaiesdsdyannindage 3 1a3es sanemedygasiafinindn
U359 UHDTV wilau3nms Fedyeyas 4K figndsuulasedne DTT fiswazidunnsiimeing

MNITN

M9 11 'QﬂW"ﬁ’)ﬁLVIE]%m‘aIVIGIaENE]E)ﬂa'm’]ﬂ UHDTV uu DTT @®s1te1a13ns

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

UsmneAdns U

msiaganuiamiluenandmiussuunmseenamalugasely  \Huniseniini

203N 3edBUazUNIAM IRIB (slamic Republic of Iran Broadcasting) Fulugnszae

(HEIUAZUNININANTITUEUINYIATRIBUS U (ans150u3ERaan)  vinnsiadsniseanenia
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ansvimi 4K (Ultra High Definition) Tuideunsngiau 2020 vuwalulad DVB-T2 uay
HEVC Tnmiiiiaunin 4k uazvalulad HOR Tnedormuavnameiiailiseasduadsil
nseenemelulsziaduinldunanviefudisatu de metuaululvun MEN 19
Adnoaafindnd 7 qn senenalugiumud UHF Yaqiiunseunqu 96% vesuszanng s
DTTB wavidwudinduiu 99.9% dygin oK Minilsdesmmd sMHz d@onldmmanu
avidungeiiiay (UHD) wie 4K 52uluils HOR-HDR 10 uagnalulad WCG Wsunsildidessou
g 6 Yoadss sunw 50 wlsuseIui uaznszurumstudadeygrald HEVC Main 10
B4 10 On lumafudeya Fudenduszvinnisvaseulusewinimisvaass umalulad
melusemavesiuseauuuduuuleudn (Hybrid broadband TV: HbbTV) #aiinalans
Winousywinguuuazgoanoinia msvaasssvezusnintuluanilesnainmalnsvimilungs
wngsu uazdess voruluSiqudvesigiug anduiiinunm ak Auiinlirgnidhsvauas
Tudasing HEVC umdsludsanilinavimiiuaseslouwiniuayaiiies
loviswin HOR uay WCG Wumaluladlvmi mswasusnnasgiu BT.709 1y
BT.2020 UaqUiudes IRIB 4K iTlviuimsluguinsznedsanazunininuesdy 31 wie dmiu
wdosdunarlnia] Ak  HhumsesneInIrmAuALLALEIUNSERNEINAR LALLM
BADR-5 InefiiilomvestoaiumsuurthameesUsvmadus dundn
u"mimiﬁehﬁ'tuﬁqﬂﬁvﬁ’ﬂﬁmui‘fﬂssaumwﬁﬂﬁﬂ Faudtuduusnouiisoy ydans
snsziuiilgnskinnwades msasineseunsmuguauam waznsvinld HOR u
mmsg’nwauﬁam mMsmmuansnszatedyaaludaantddygiu uasmsv‘?’ﬁwqﬂnmﬁﬁ
Sududmiulasisuaynaduiuuinis HobTV wazdesmaivlediiieados
navirsanin HEVC/H.265 fishsnnsu 50 wlsuseiunii vielldinunmusaninit
Foams dyqriidasdasuts 20 Mbps walulaBnsdsdyaaildidu ove-T2 e
fuusviunnuguestesdynniifioms audnvusmamaiavesdyyin wsidiweinie

watinvadluun DVB-T2 wazsyuvdsdyginilsneazidonniunisng

M 12 gernsiinesiilivnaseenainia UHDTV vy DTT 8ws1u

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

@
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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

NNToyanvnaeeeane N UHDTV uu DVB-T2 desdys 8 MHz lu
fadsena finseaedldyansfimesdmivdedygranvainvate iesesiunmsdedeya
- 1Y) VA o o o A
nilguuuudygunmneniune HOR, HFR uay WCG Tianunsaiaueuinis UHD #idl

) v v I A el Y
Aunmgsludsvale Tagldinalulad HEVC Tudadyqunwiniusyananngs eandns

Uoyatisieans
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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, PPT 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, Gl=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, PPT 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
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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, Gl=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
Gl=1/128, 256-QAM, FEC2/3, PPT HDR10
WCG

)
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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, Gl=1/32, | < 35 Mbps ~ 20 Mbps HEVC Main | 3840 x 2160p
256-QAM, FEC3/5, PP6 10 50 frames/s
10 bits/pixel

Source: TU-R BT.2343-7 (11/2021) Collection of field trials of UHDTV over DTT networks
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M54 14 punmdyganwuarsndeyadmiu UHD uu DTT syuu DVB-T2 Tusausina

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

ad a @ a o
e juuuudyyiunin wardnsidnniinismaass UHD-1 Phase 2 a1u ITU
dinau nanv. lae va. Jsdmuadasdalunisdsdygruuvuninsgiuanuaudngeds UHD

(4K) wuu Constant Bit Rate (CBR) dwiuusuinalne 1u 3 seeru laun

1Y) o

1. svAugaun iRl 8nsdin 15.00 - 19.99 Mbps

o

2. sgeuAunmIUNa1e n510n 20.00 - 29.99 Mbps

o

3. sgauRunge 8ndin 230.00 Mbps
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ANSNAaBIRaNaINIAWALULAE 4K &.8.9.

AsnAasIeanaINAnSALNMANUAUSTUUAIneamewnalulad 4K ves d.a.y. 153

sonenaluiudl 11 wgednieu 2565 a1 11.11 u. lagldrmnnivesisuiudmisg

M1379 15 AMSIRNBsIsUAUNadyIMsTUU DVB-T2 miswmalulad 4K

Wilnes i
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 MINAABIBBNDINIA 4K Tuil 11 weednieu 2565

o
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wilsdodinau navv. N @any 2304/51125
3 LY L3 &l - - e ' [ ] v |
p9AUsEnaUIBINISERNDINANIImIAANuRulusyuURinea wuadu 4 diu laun
A15WaAR (production) N150U8A (compression) N15dsdEyey 18 (transmission) WAENI55U
#ryeynnd (reception) FanIw

o & a an
2 3 MseennAnsyiminaiuiulusruuilnea

PRODUCTION| |HEADEND| | ((<c TRANSMISSION 1)) 4K RECEIVER
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v o

Tui 8 §unnAu 2565 Hn1sUsznTInsendne drlineu nang. lugruegindugua
a.an. Tugedliuinslasedie guangunsalesneinauaziadesiulnsvimi Tnsdmun
sUuuudgerunindmivesnainasismalulad 4K wWoldiluwuamslunismaaes
W15 5neSv0ITT UVdIF QI Tﬁlﬁé’msﬂﬁmﬁmmsmaq%’Uﬁ'ug'uLtuuuazqmmw'um
Fyarunmiidoanis Tagléinanisvaassuinis UHD amuufivesaignssunmsiiugua

DVB uuuinne dvasdunsianisna

M54 16 JUuuLdy U miivuelildnaastesnainia

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

Wiesnndygraunmwvsademiindaitessnainmaniulassiignsviadnianunuly
sruuidmeallagiu dulwgilinssiugunuudygrauniwidvuadredu Jainswdnduln

weldlunismaaeawaresnania sud1wau 20 Td Siguuuudyanannanunisn

dndmngsy a.an.

63|Page



& o o v
Mm99 17 L“U’EJWII.L?WEULLUUHmEUWmﬂ']W‘m'U%ﬂﬁENEJ@ﬂG']ﬂ’]ﬂ

Folnd

RO

v

Thal PBS

naaodoonamn
Tnsfminiadingins: i 4K ra Uitra High Definition

4K

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

N4
Play02_THAIPBS_Drone: g X

THAIPBS_Drone_aK_V3_50p.mxf

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

Color primaries: n/a

Transfer function: n/a

THAIPBS_KAPOW BT.709.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

dindmangsy a.an.
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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

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

TureVision_ 4k _BT.2020_to BT.709_Love Nature.mxf

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

“!{giv_ b 5iice 4221 5PWHD Amin it o

venice prd22hg 50 UHD 1min.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
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american football 50p prd22hq uhd 1min.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

)7 RUG e

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

3S _ 0Q0010695-UHDAK. mxf

Movie_Thai PBS _ 00010699-UHDAK.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: 4:2:2
Bit depth: 10 bits

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

dindmangsy a.an.
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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

QRO 0700-UHD4K mx

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

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

T.mxf
» Resolution: 3840 x 2160p
Frame rate: 50 frames
Chroma subsampling: 4:2:2
Bit depth: 10 bits
Color primaries: BT.2020

mnesoresy

Transfer function: HLG

Play23 J.mxf

J.mxf
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& o o v .
M9 17 LUEJVHI.LazEﬂLLUUﬁi‘gmﬁmﬂ’]WVﬂ'UWﬂaENE)?JﬂE)’]ﬂ’\ﬂ (n0)

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

Color primaries: BT.2020

Transfer function: HLG

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

Color primaries: BT.2020

Transfer function: HLG

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

Color primaries: BT.2020

Transfer function: HLG

Mindtraveller Music Video TPBS 709.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
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n15Uuda (Compression)

nadsadyiunim (video coding) fifinauaziBun (resolution) 3,840x2,160
WUU progressive (2160p) dm3uuin1s UHD Tagldnisidnswaniae High Efficiency Video
Coding (HEVC) a11105§7u ISO/IEC 23008-2 %38 H.265 ANauMTgIu ITU-T H.265 3in1s
wislusindnmguuuudaanmidesnsidiaa Taosmuelildlusing Main 10 warld

aaa '

H . a A w
Main Tier NiaNnUoeay Level 19aL0UANINTN

M1914 18 dllmves Tier way Level d1m5U 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
21 245 760 7 372 800 3000 2
3 552 960 16 588 800 6 000 2
34 983 040 33 177 600 10 000 2
4 2228 224 66 846 720 12 000 4
4.1 2228 224 133 693 440 20 000 4
5 8912 896 267 386 880 25 000 6
51 8912 896 534 773 760 40 000 8
52 8 912 896 1 069 547 520 60 000 8
6 35651 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

) o ¢ & a aa v
nuwuudygyrunmdmiveanainalnsiminiaiuiulusruuiineadie

walulad 4K 9196y Faimuanudnuazveansidtsvadygy i dveandeadma
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71519 19 AudnvurvessInTiadyyInnm

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

nseaeftysyad (Transmission)

o | o ¢ & a aa o ' a seln v
Yagtulassinginsiminanuiuluszuuidneaves a.an. fvuarws e ialy

a wa

| @ @ a o & a
lunsdsdygradnsviag auuumisljiidmsumstivinsinsiaiaanuiulussuy

Amea avuuTulge wa. 2560 davinlae dindmnssuuazivalulagnisaedoauay

Tnsviend dinau nave. fiseaziduanenisns

M1579 20 AwSimesNsANdtyeyIusEuU DVB-T2 Tasstne a.an. Uaqlu

W5nes i
FFT size 16k extended
Guard Interval 19/128
Modulation 64QAM
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

wadnsAldnwniinesiidimun

Max. Multiplex Capacity 21.93 Mbps
Time Interleaving Depth 82.9 ms
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M1319 20 AMWISEMEINTAERRYIMTEUY DVB-T2 Asstne a.a.n. Jagdu (de)

C/N Fixed Rooftop 15.17 dB
C/N Portable Indoor 16.91 dB
TLULNNGIAATDUAIE 79.74 km

a5 Tassadnansy T2 dwsu 16K Ext., 19/128, 64-QAM, 3/5, PP2
DVB-T2 frame structure UHD (4K)

T2 Super Frame === e mmmmeeene o—— Sowrtne Sty

MancTSE = 127.75 dwat £15]

e ——
15 1 Mo T + 6375 sino FU5]
it S—
o == T~ =

osrese - ff

M5euaulATINeY
nanw. livinsanwanudululalunmsweassmdenaaeuniseanainaln el
mafudulussuvadneasiomalulad 4k luuszmalne Tud wa. 2563 TneUsuiiunanu
Wululdlunsesnenmedu 3 nsdl loun
1. M3veneMAuLlATIUNELALLUY Single PLP
nnasseeneIMAeAwIineididyyiuyaiagiu Insedeninensiid
widvegiinliiinuselomigaiian 9nAuguesiafindndggauesssuuwiniiu 21.93 Mbps

Tnganunsadnassiafmandld 3 maden Tuazdenniumsd
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71919 21 MIdnasIensTinvestannanduulasstieAnLuY Single PLP

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*

MY

* yadendt 3 liawnsadaassdafndndsesiunsinassdnsdnvesdyianin
wuunsitle tmLi’unitﬂﬁé’tymmmwwaw’aaswamsmmgwmmﬂw&’mﬂﬁ KaTNINTFIU
anuAudnas gnidrsacmemaluled High Effective Video Codec (HEVC) Wuiiieniutes
SwMsuuANANTags

agslsfinu msdnassdaninvesiafmdndiielianunsaliuinstessenisuuy
AnuANdagads (UHD) uulasstiisuuy Single PLP i 3 maden livioawaresiuiug
Tusnmislnsvimiluszuuadnealusunan

2. Msepno N IAUUlATIBRLLUY Multiple PLP
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ilesandedrialunisfeandeyauinisvesgunsal vililiannsaduiunis
naasdluzuuuy Multiple PLP senisifiinesdedygruyadagiuly PLPO dmiutes
578115 SD wag HD wazdmenisfiwmesdsdyaalnilu PLP1 dmsudessienis UHD
@K) ¢t

3. msldnduaruilmiviosiiiunisuulassiglv

madenyansiimeslunisdsdyyrnlaglindunuiluivieddunisuu
Tasstnelwal fvunnasilunisiden dil

1. tnasinantesiu (Guard time) shensidenmsfinesifielildsnsdeyaves

dosdtyayrnugetu warlidarlesiunindu 266 ps wuwdeaiulassiedagiu

A58 22 nandestiuvesusiay FFT size way GIF @ msudasdayeyins 8 MHz (uae: 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
aK 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

MM 9 MUA FFT size winiu 32K wag GIF winiu 19/256 Litelulaaian

Josiuwiniu 266us

71379 23 Pilot Pattern vasumay FFT size way GIF dmiun1ssudyaauuy 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
PPa PP5 PP3
PP7 PP4 PP2
aK n/a n/a n/a PP1
PPa PP5 PP3
PP8 PP8 PP2 PP2
PP7 PP1
8K PP7 PP4 PP4 PP3 PP3
PP4 PP8
PP5 PP5 PP8 PP8
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#1574 23 Pilot Pattern vasumay FFT size way GIF @m3un1ssudygnuuu SISO (sin)

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

1NA1519 A1 FFT size AU 32K wag GIF winfu 19/256 @unsaiden Pilot
Pattern I¢f 3 gUuuu ldun PP2, PP8, uay PP4

M1319 24 ANUURITRITYIN 8 MHz dwiu FFT 32K uag GIF 19/256 (Muide: Mbps)

Modulation | Code rate PP2 PP4 PP6 PP8
1/2 19.6 20.5 20.9 21.1
3/5 23.6 24.6 25.1 254
2/3 26.2 27.4 28.0 28.3
64-OAM
3/4 29.5 30.8 315 31.8
4/5 31.5 329 33.6 339
5/6 32.8 34.3 35.0 35.4
1/2 26.2 27.4 279 28.2
3/5 31.5 32.9 33.6 339
2/3 35.0 36.6 37.4 37.8
256-QAM
3/4 39.4 41.2 42.0 42.5
4/5 42.0 439 44.9 45.3
5/6 43.8 45.8 46.8 47.3

NANTNAMNUITRI Y I10U 8 MHz dmiu FFT 32K wag GIF 19/256 (den
Modulation 1u 256-QAM Lﬁa'lﬁ'aimﬁtu:mmﬁmmqqmiw 64-QAM Tnil code rate &3

Wwiniu 3/5
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' a < o P v
AMNAMNSENT FFT size, GIF uay Modulation fiidenldlunisnaaes ielwld
o o , & v 8 v 1w ° °
dns1deyavesredyyragitunazaiartesiuliviniy 266 ps awnsatiluduaum
' a e v v o @
Amnsinesoumelusunsy DVB Calculator tRanisAuiasann

M 6 ANLUETBIYRI 8 MHz, 32K Ext., 19/256, 256-QAM, 3/5, PP2

PINANUEAINANITAIUINVDS DVB-T2 Tudosdyqias 8 MHz fmunaldslulvun
32K Extended GIF 11U 19/256 Pilot pattern PP2 fuun Single PLP 78 Modulation
256-QAM Way Code rate 3/5 5893U8ATAZIAAWINAY 31.477 Mbps Liloriwua T2 data
symbol Wiy 63 symbols wag FEC block L¥infiu 200 blocks
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a7 Tassasnanlsy T2 dmsu 32K Ext., 19/256, 256-QAM, 3/5, PP2
DVB-T2 frame structure UHD (4K)

T2 Super Framme = wm e e e S S e Rt
asten” - 4 e M TS = 127,75 dwith §65]
i | Mo 5 63,75 s $65]
o il Wi [
= ¥ A

PINNNUERINANITAIUINYDY DVB-T2 Tudesdyqras 8 MHz fmualsidalulvun

32K Extended GIF 111U 19/256 Pilot pattern PP4 finuua Single PLP #28 Modulation
256-QAM uaz Code rate 3/5 s8e3usnsingeanviniu 32816 Mbps wilerimun T2 data
symbol Wiy 61 symbols wag FEC block winiu 202 blocks
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w9 Tassadnaisu T2 @S 32K Ext., 19/256, 256-QAM, 3/5, PP4
DVB-T2 frame structure UHD (4K)
rnse—— e——

................ pama—

Mo 155 = 127,75 dwan 585
M 156 +63.75 si FE5)

PINMWLANINANIIAIUINYDY DVB-T2 Tudesdysyias 8 MHz favualsiddluluun
32K Extended GIF 111y 19/256 Pilot pattern PP8 finuun Single PLP e Modulation
256-QAM uag Code rate 3/5 s8e3udnsningeaainiy 33.861 Mops (lerimua T2 data
symbol i1y 57 symbols waz FEC block infiu 195 blocks
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w11 Taseadransy T2 dmsu 32K Ext., 19/256, 256-QAM, 3/5, PP8
DVB-T2 frame structure UHD (4K)
[ — S—

THS Pt ===t e i S prame. S

) L T T MeTSE = 12775 dwith 685]

= + | M55 <6375 s $65)
-------------- ol a0
| « }

2. inausidnsdeya (Data rate) lneidonnsiines FFT size, Pilot Pattern uaz

| ' e
GIF il#gns1doyavestosdyyrngsdmiunisiudygyralnsimivuusgud (Fixed
. Y o o ' a 2
reception) Wity ansatludnameamisiinesdumelusunsu DVB Calculator uay

WANIIATUIUAININ

MW 12 AnuUestesdya Il 8 MHz, 32K Ext., 1/128, 256-QAM, 1/2, PP7
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PNNNUERINANITAIUINYDS DVB-T2 Tudesdyqia 8 MHz fmualvidalulvun
32K Extended GIF t¥11Yu 1/128 Pilot pattern PP7 f1uun Single PLP #28 Modulation
256-QAM Way Code rate 1/2 5843U8A31TnggAWnAU 30.087 Mbps tileriwua T2 data
symbol Wiy 67 symbols wag FEC block 11fiu 229 blocks

13 Tpssadransu T2 dwsu 32K Ext., 1/128, 256-QAM, 1/2, PP7
DVB-T2 frame structure UHD (4K)

s trame. Rt

» T e L e MancTSE = 127.75 dwith 6]
o N |G
e e T~ (s Wl et
s v i
o g 3 s o

dindmnssy d.an.
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PNAMULARINANITAIUINTD DVB-T2 Tutesdynyia 8 MHz Avualvdduluug
32K Extended GIF 1¥11Yu 1/128 Pilot pattern PP7 f1%un Single PLP #28 Modulation
256-QAM uae Code rate 3/5 s893udnsningeaaviniy 36.156 Mops lerimua T2 data
symbol Wiy 67 symbols waz FEC block iy 229 blocks

A 15 Tassadranlsu T2 dwsu 32K Ext., 1/128, 256-QAM, 3/5, PPT
DVB-T2 frame structure UHD (4K)
| " |

T2 Super Frame == mmmmmm e i Bt et
. - L T M TS = 127,75 dwith $65]
T | MaTS « 6375 sfno €]

-------------- e —— [
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PINANULENINANISAIUIUDY DVB-T2 Tutesdygias 8 MHz fmunlvdslulvun
32K Extended GIF 11U 1/128 Pilot pattern PP7 fwun Single PLP 628 Modulation
256-QAM War Code rate 2/3 5935USms1Tngegaviniu 40.231 Mops e wun T2 data
symbol Wiy 67 symbols wag FEC block i1y 229 blocks

w17 Tassadranlsy T2 dmsu 32K Ext., 1/128, 256-QAM, 2/3, PPT

DVB-T2 frame structure UHD (4K)

................ oo

T MaTHE = 127,75 wn §6F]
MaurTS « 6375 sino FEF]
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PNNNUERINANITAIUINYDY DVB-T2 Tudesdyqia 8 MHz fmualvdlulvun
32K Extended GIF t¥11Yu 1/128 Pilot pattern PP7 f1uun Single PLP #28 Modulation
256-QAM Way Code rate 3/4 5893U8A3TNgIAAWNAY 45258 Mbps Lileriwua T2 data
symbol Wiy 67 symbols wag FEC block 11fiu 229 blocks

19 Tassadransu T2 dmsu 32K Ext., 1/128, 256-QAM, 3/4, PP7
DVB-T2 frame structure UHD (4K)
—_— e Jd

RS st sed oy et ame st

ManTSE = 12775 dhwith §85]
M TS « 6375 sfno 25

T e PRI
!

: 1
-------------- ; N |
. )
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PNNNUERINANITAIUINYDY DVB-T2 Tudesdyqia 8 MHz fmualvdlulvun
32K Extended GIF t¥11Yu 1/128 Pilot pattern PP7 f1uun Single PLP #28 Modulation
256-QAM Way Code rate 4/5 5893U8A3TNgIAAWNAY 48.292 Mbps tileriwmua T2 data
symbol Wiy 67 symbols wag FEC block 11fiu 229 blocks

M 21 Tpssadransu T2 dmsu 32K Ext., 1/128, 256-QAM, 4/5, PP7
DVB-T2 frame structure UHD (4K)
—_— e Jd

RS st sed oy et ame st

ManTSE = 12775 dhwith §85]
M TS « 6375 sfno 25

T e PRI
!

: 1
-------------- ; N |
. )
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INATNUANINANITAIUINDY DVB-T2 Tutesdygiau 8 MHz fmualvdslulvun
32K Extended GIF 11y 1/128 Pilot pattern PP7 A111un Single PLP si28 Modulation
256-QAM Way Code rate 5/6 5893U8n31Tngagainiu 50.345 Mbps Wileriwua T2 data
symbol Wiy 67 symbols waz FEC block iy 229 blocks

A 23 Tassadranisu T2 dmsu 32K Ext., 1/128, 256-QAM, 4/5, PPT
DVB-T2 frame structure UHD (4K)

L (TP R —— S troe. s et

T = McTSF = 127.75 shwah 585]
MokTS « 63.75 sfmo FE5]

-
T i)
= e s .

e

Ainimnssy a.an.
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M3 25 AnsfivesTlinaaesdsdygn 4K munasitaamtlasiu

wsiines

i
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 31.5 328 339
Max. Multiplex Capacity (Mbps) @ T2-Gateway” 313 326 33.7
Max. Multiplex Capacity (Mbps) @ MUX’ 31.2 32.5 33.6
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a3 25 Avnsiweiilinaassddygin 4K munusitisaesty (o)

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

WBIWA

* AuFunaiigunsaivenliifmun
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M99 26 Avndimesiliviaaasdsdynin 4K anannueidasdeya

wmsilnes fin
FFT size 32K Extended
Guard Interval 1/128
Modulation 256-QAM
Code Rate 1/2 3/5 23 34 ws | s
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) 4
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" 29.8 359 39.9 44.9 479 50.0
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M3 26 Awiinesilinaassddyan oK anasisandeya (o)

Time Interleaving Depth (ms) 62.3
/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
Trevgegavetads (km) 8.39

TREINL)

* fufumaiigunsoivesilfimun
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[V -
M33udeey e (Reception)
) o & a aa v ' o w v
nmssudgygralnsadniaiuiuluszuuiinea Ysenousis 2 daudidty lawn
o W .
AN (antenna) WaLLAIBITU (receiver)
- 1Y o v a
aweInalinudnvaeifoin analany navy. ud. 4004-2561 11NTFIUNIY

a v o o w a o & a aa a
waliavesansoniasudygradmsuiamsinsiminanuiulussuuidnea S8unuaud 75

a

Toviu Tdifumuiingeaa 470 - 790 MHz vuguAmNAgads (Ultra High Frequency: UHF)
180519818v89a180INATUAY QYIUNBUBNDIANS (Outdoor antenna) g4angaNd1 7 dBi
wazspsiinmsustuvesdasunsliiiiu + 3 dB vugumuiing 470 - 790 MHz
m‘%aa%Uﬁtycywmﬂﬂmﬁnwms‘ﬁ'ﬁmmsmﬂmﬂﬁﬂﬁam"lsn%’ué'tytumiwsﬁﬂﬂﬁ'ﬁmaa
luszuu Second Generation Digital Terresstrial Television Broadcasting System (DVB-T2)
LLuummgwmwﬂu'a’ﬂqq?ia (Ultra High Definition: UHD) Tuguaaui 470 - 482 MHz
AMuNitesdtyyrn (Band width) 8 MHz flavuansdtygiusuniu (Noise figure) lailfiu

o & Y o -
6 dB AulalunsTudygyrn (Sensitivity) Tuagiuarauussauulnihauyasigad
v o a ' " w a & & '
foems o iudyraiaauandumindu 50% @1 uay 50% LBaui vestes
AuATlgY
mminnaﬂiﬁaé’mmmmwmummgw MPEG-H HEVC/H.265 I1SO/IEC 23008-2
o o a a " aa
5995UN1sUAnINaAINANTAgIBIAINETLIBEA 3840x2160 WUY progressive (2160p) Wil
dm3NsY (frame rate) 50 tWsUADIUNT 5895UN15929EWUY Wide Color Gamut (WCG)
AUUINTFIU ITU-R BT.2020 71 10 bit depth waziiflaidunisarelou (transfer function)
WUU HLG uazdnsidiunw (aspect ratio) 16:9 anunsanansiadyqimdsauuy 2 doudeq
(Stereo) WUU MPEG-4 HE-AAC v2 muunsgiu ISO/IEC 14496-3
FY) o o a W % -
mssudygrnveuniossululminfndaiseinauunasn (Fixed rooftop) A1
v a ca o | -
g4 10 was senemamemiivesiimualwldlunismaass lutes 22 mwd 482 MHz
& o s d ¢ aw d o ” "
ATBUARNINUT 95 Wasiius dfiavuanidaye1nsunIueAIBIY (Receiver noise figure)

6 dB MIUsTaNuAIMAIMUIILTRIENdidwge IseaviBenadmang
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A9 27 Amnsfiwe fveamsiudygi 4K vulassietagiu

wisdines Fydnwal | wide fi
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 1517
Receiver noise figure F dB 6
Equivalent noise bandwidth B MHz 777
Receiver noise input power Pa dBwW -129.07
Min. receiver signal input power Ps min dBW -113.90
Min. equivalent receiver input voltage, 75 ohms Unin dBuv 24.85
Feeder loss L¢ dB q
Antenna gain relative to half dipole Gg dB 11
Effective antenna aperture A, dB m? -4.57
Power flux density at receiving location D, | dBW/m? -105.33
Min. equivalent field strength at receiving location Emin | dBUV/m 40.47
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713724 27 Andimeivesnsiudyyin 4K vulasstetagdu (o)

WITneT dydnual | wae fin
Allowance for man-made noise P 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 Ly dB 0
Standard deviation of the penetration loss - db 0
Location percentage requirement - % 95
Distribution factor - 1.64
Standard deviation c - 5.5
Location correction factor C dB 9.02
Min. median power flux density at reception height; Dpeg | dBW/m? -96.31
50% time and 50% location
Min. median equivalent field strength at reception height; Emea | 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
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A58 28 ATMTIINDTURINSSURYY I 4K minusitasanteiu

msiiwes dydnwal | e fin
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. &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 777 707 177
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 dBuv 29.26 28.86 28.22
Feeder loss L¢ dB q 4 4
Antenna gain relative to half dipole Gy dB 11 11 11
Effective antenna aperture A, dB m? -4.57 -4.57 -4.57
Power flux density at receiving location @, | dBW/m? -100.92 -101.32 -101.96
Min. equivalent field strength at receiving location Emin dBuV/m 44.88 44.48 43.84

dninimnssn a.an.
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A1919 28 AMNTIANEITTOINITUATYE I 4K Asnausivaattasiuy (se)

medimes fryanwal | e Gh|
Allowance for man-made noise P 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 Ly dB 0 0 0
Standard deviation of the penetration loss - db 0 0 0
Location percentage requirement = % 95 95 95
Distribution factor - 1.64 1.64 1.64
Standard deviation G - 5.5 55 55
Location correction factor C dB 9.02 9.02 9.02
Min. median power flux density at reception height; Dpeg | dBW/m? -91.90 -92.30 -92.94
50% time and 50% location
Min. median equivalent field strength at reception height; Ermea | dBUV/M 53.90 53.50 52.86
50% time and 50% location
Channel frequency f; MHz 4382 482 482
Min. median power flux density at channel frequency FS; dBuv 51.30 50.90 50.26

)

dninieanssu aan.
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71579 29 AWTEwesYeINSTUFYIM 4K muinueidas1teya

Mines foydnwal | ve
FFT size - - 32K Extended
Guard Interval - - 1/128
Modulation - - 256-0AM
Code Rate - - vz | s | s | e | ws | s
Pilot Pattern - - PP7 .
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 10T .77 177 777 777 777
Receiver noise input power Py dBW | -129.07 | -129.07 | -129.07 | -129.07 | -129.07 | -129.07
Min. receiver signal input power - dBw | -112.78 | -110.63 | -109.05 | -107.01 | -105.51 | -104.69
Min. equivalent receiver input voltage, 75 ohms Llos 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 Gy dB 11 11 11 11 i 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 D,y | dBW/m? | -104.21 | -102.06 | -100.48 | -98.44 -96.94 -96.12
Min. equivalent field strength at receiving location Eniin dBuV/m | 41.59 43,74 45.32 47.36 48.86 49.68

AinifmnIsy aan.
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M54 29 Amndweiveansiudyyin 4K aunueisasiteya (se)

wilnes dydnwel | i i
Allowance for man-made noise Perrin 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 L 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 = 1.64 1.64 1.64 1.64 1.64 1.64
Standard deviation o = 55 55 55 55 55 5:5
Location correction factor C dB 9.02 9.02 9.02 9.02 9.02 9.02
Min. median power flux density at reception height; Dy | dBW/m? | -95.19 | 9304 | -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 fi MHz 482 482 482 482 482 482
Min. median power flux density at channel frequency FS; dBpv 48.01 50.16 51.74 53.78 55.28 56.10

o a
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aunsaluazszuY

msveassdsdyyraulnsiminiaiiuduszuuiinea meowalulad 4K szezusnain
anfldedrygra a.an. dnineulung aunin1fssdn wandnd njavmuniuas Jesrud

22 g1umui UHF (Ultra High Frequency) fifhdsdsaanaime 767 ¥ad s1oaziBunanu

M1TN

715149 30 Yeyaaniiinaassdsdyaralnsvimd 4K over DVB-T2

un 3

doya A
annfdedyqalnsiied NFANIN
Y9 22
AR (MH2) 478-486

I
- o

fisa aan. daninalng
fiva / WU NANNUILVY
108 / 199 wand
Latitude 13.86688
Longitude 100.5744
Average/Ground Level (m) 10
Tower/Mast Height (m) 40
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

dindmnssy a.an.
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71519 30 Yeyaaniiinaaesdsdayeyoilnsvia 4K over DVB-T2 (si0)

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

nmsfnAtgUNIaluarsruLvedanlddyann aan. dinnulvgy ldlunsveass

29n91N1A UHDTV Usznausig Headend ta3asdalnsvia anehdygiu wavaiseinie

3%UU Headend

5¥UU Headend Usenounae 3 d@ruddy len Encoder Multiplexer uaz Network
Management System @ssvuuiildlunsvmaassdsdeyeyros UHDTV IesuanueuAsILaNn
U3t Indluesd Suanguiud $1dn Tuguemunuswinendnsiousi Harmonic thaunsalidn
SWMIMAaRY Fail
Encoder

Encoder §%® Harmonic 5993U UHD 38 XOS 14 Advanced Media Processor Ju

mstudadyaunnuazides InadnuaegnanaianuniaruIn

NN 24 XOS Harmonic Encoder

X0S ADVANCED MEDIA PROCESSOR
Multiplexer
Multiplexer &% Harmonic #8 ProStream X vintiitafndnddyagyos s095u

dryeyrmuguiuy SD, HD e UHD wagnisidnswauuy MPEG-2, MPEG-4 AVC wag HEVC i

r)mé’numzmamﬂﬁﬂmumﬂwmn

dindmngsy a.an.
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NN 25 ProStream X - Harmonic Multiplexer

Network Management System
Network Management System &%® Harmonic 8 NMX dmiudnmsuaznsivdeu
NIAIAMNTIEABS 1Y N15dnIHa warnsUTuanIIteya uaRIENIULYRIUINITUAY

< - - a a ) a
815019 TAWBINSUIUFOUT HAMANYUENNNAUANTUAIANUIN

NN 26 Harmonic NMX vy Laptop

o

Ny

MANATANIUNIANUIN

AW 27 1A309ds Tredess §u MP-600W

Do
T ITTETTE LT LT LT LTTE T LT LT L T
LHTHTTTITTEITTE LI EEEETTE LT LT L LT LT LT L L T T

< s l'-' w5 i

W s ////I////

dindmingsy a.an.
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a o < a) < o v .
AnAsuuuAn1aialnes (bandpass filtter) 8%e Spinner nunelaywiv (part
number) BN 616663C1031 fignudnungnaunadanunianun

NN 28 Spinner Bandpass Filter PN BN 616663C1031

msUSunsilawmesiiseazvidennunis

A7 29 Return loss vasilawmes ¥os 22 7l 482 MHz
et

S11 dBMag SdB/Rel0dB Calint

2w

M1 482,000000 MHz| 238331 dB
+0.d8 -

M2 478"“5000 MHz| 242828 dB
*M3 485885000 MHz| -263829 d8_
™\ 3
\ f
.
.

| -

p\\) i ‘
= e . S Rva
Inl/ TN /U Y
[ / M
l, \ { - \ /
= H
| \,1 \
" ' ll[

Span 10 MHz

AMUARS Reture loss Yesilawnos 109 22 71 482 MHz fiAUszanm -24.28 dB

Ainienssy a.an.
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un 4
NsIndYINIAFUIY

mmnassenmmalnsimimaiufuluszuuainoadomallad ak naanilds
Fyanan aan. dwinanlvg MHiedesddnsvimi 890 Tredess $u MP-600R fdads 500 W
HuaneeMAYlia Omnidirectional &% Kathrein Ju 75010067 dos 22 Aufl 482 MHz
Tnanlsiwdunuiuou sns1veeasaInid 5.76 dBd difdsdsesnainie (ERP) Ussua 767
W vmsiadygraluiuiiaseunqumseeneimaluseiiuszana 10 Alawns Tasilgunsal
TumsTadoyrmmeau fol

1. Antenna

2. TV signal & spectrum analyzer fivia PROMAX U RANGER Neo 4

3, Television &¥e LG s:u 55US660H0TD
4. Attenuator
GREECRIRG]

awmmﬁﬁ'l‘t'ﬂumwmaaa%’uﬁmfmmLi‘JumEJmn”muUUUﬁﬁ (Yaki antenna) Log-
5 . odw ' - @ o @ - Y a
periodic 818 Fracarro Ju LP45F uﬂmaﬂwmzm‘lﬂmmw LATUAMANYUENIUNAUANIY

AN

A 60 Yaki antenna — Log-periodic Fracarro LP45F

AT 32 amé’nwmsmummﬂ Log-periodic

Description Unit LP45F
Fracarro code 216149
Elements No. 6

diniemnssy a.dn.
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A1/ 2022 207 84
1311601022901V 02

27W 30 Filter Loss 984 22 # 482 MHz

Tich ——— 521 dBMag 1dB/Ref0dB Calint av
T T M1 482.000000 MHE 0.2178 dB/
M2 478.115000 MHz 0.7886 dB
1 +M3 485885000 MHE 0.7045 d8
t0d8 <
M2 ’ \’g:
— |
12
ta
|4 +
ts
+
;ﬂ Center 482 MHz Pwr 0dBm Bw 10kHz TOSM P1,P2 Span 10 MHz
' . | - '
NNUEAIAT Filter loss U84 22 7 482 MHz fiAUseana -0.21 dB
\ o
NN 31 Group Delay %89 22 %1 482 MHz
o mrea
Tres $21 Delay 100 ns/RefOs Calint iv

[o87

baer

+M1 48}

2.000000 MH2 109.962 ns
8115000 MHZ 410.589 ns

485.885000 MIHZ 402.202 ns

Lrn

A

Pwr 0dBm Bw 10kHz TOSMP1P2

dAindmnssy a.an.
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NIWLARY Group delay ¥03 22 71 478.115 MHz fidwinfu 410.589 ns wazdi
485.885 MHz fiAifiu 402.202 ns

M99 31 AdNYEYBILUNANIANaWDT Yo 22 71 482 MHz

mdimes i
Y09 22
A (MHz) 432 MHz
Return Loss -24.28 dB
Filter Loss -0.21 dB
Group Delay @ 478.115 410.589 ns

@ 485.885 402.202 ns

AN 32 YauATesEdty sy ailnsvim

L Sl

dindmngsy a.an.

103|Page



#1896
@we1mAviia Omnidirectional #¥e Kathrein fu 75010067 ¥29A7uidl 470 - 862
MHz Twanlsiedunuruey Snsrverwarseinia 8 dBd il Mid-band fndagaqn Skw

UALBYANNAAKUIN

2 33 dnvrlasiifuesasoinie

% 332
@
-
<
o
e
et By

1) drainage (2x)
Bottom view
Picture shows
antenna with
optional steel
adapter 75310322

dindmangsuy a.an.
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' a >l
NN 34 3\luu'umsuwsnssmumauuuwauw 482 MHz

' - O oo
N 35 31]I.L‘U'Uﬂﬁitlﬂiﬂizﬂﬁﬂﬂﬁuu‘u?ﬁiﬂ 482 MHz

100 90 80

dindmngsy a.an.
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aaa

N 36 JULUUNTUNINIYRILAGY 3 RN 482 MHZ
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anerindeyayn
e dyueiaBe RFS Ju LCF78-50JA-A7 aelauanidualviladidnainaaiu

QLABAIAMAING (premium attenuation low-loss foam-dielectric coaxial cable) au1a

3

e

Y a

7/8" finuanuurnanaianIunIanulIn Anfsanaigeinidudunsesdsdnsviay dsvey

3

anglaesanszann 130 daaugadsluaetdyyimlszana 3.49 dB

o w

NN 37 asundgyeuned RFS 7/8" CELLFLEX

Ny

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

AN 38 Return Loss P09 22 UVDNITUUA1EDINA
ht Tec

art 450.0 MHz

-15.0dBm

dinimnssu a.an.
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ANUARIAT Return loss 489 22 AIUE 482 MHz 98458 UUa8INIANRAA LY

annfldsdygrun aan. ddnnulug daruszann -35.09 dB

NN 39 AnueEEndy gy LCF 7/8 - 50 JA

ht Technologies: N9913A, ¢
2022 12:46:51 PM

Ref 1.000

> -
Start 0.000 m Frequency Mode: Bandpass

)

NLENIAIINENEeUNdY I LCF 7/8 - 50 JA YDITTUUALINANRAAG LY

4

andidsdtyeyrun aan. dinaulvg da1Useunn 130 wng

N1591809UY
N1591809WUUNTNSEIEARUIINAN DAy d.a.m. drdnaulng e
Am19Emesaneg aunlatuualilutuneunisinunulasetie Taeldlusunsy Progira

lonanisanasauuufInIn

dinmIngsy a.an.
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MW 40 Msasdryey e FFT 16K Ext., GIF 19/128, MOD. 64-QAM, FEC 3/5, PP2
Ly } Sy, 1 i ] it oasl [ I
2 ! Legend -
<VALUE>
B 5327052 By
T 0.5 - 3228 By
Ry

AW 41 fufinnsnseanenduves FET 16K Ext., GIF 19/128, MOD. 64-QAM, FEC 3/5, PP2
i | ) D —— B e ! ¥\ } . 1 F
{\:’ I N

Legend -
[ e v 4
| lewo vos

e,

> 7S

iCrrn 110z
% User ceme v
2

Ainimnssy a.an.
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mw 42 msaaé’zymm FFT 32K Ext., GIF 19/256, MOD. 256- QAM FEC 3/5, PP2

e i R B
Legend
: “VALUE>
l -n:o-mr,:awnr
765 - 20.25 UBYYIn
Ry

‘ \»?"3"- B Y

Y s

Leqmd P
[ lew v
| Jew vos

[ ces--

dindmangsuy a.an.
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NN 48 nsasdeyeyns FFT 32K Ext., GIF 19/256, MOD. 256-QAM, FEC 3/5, PP4

3 omy, e s XSy i\ O B it I
1 Legend =3
“VALUE>
I 53.20 - 75 02 cBuvim
T st oy
-
{

Ryihor

o N R
0% . A T
o 7 )) —

S

A

A 45 Wuiin1snsyateaduves FFT 32K Ext., GIF 19/256, MOD. 256-QAM, FEC 3/5, PP4

ol
et d
o el

G N, oo st XNl e ) I\l b 3 i ]
‘ | - A A ‘{‘ 1N EE Ee sl
, | R Legend
| Ty [ e voe 3

| [LL vup
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NN 46 miﬁ'aﬁ'sy:mtu FFT 32K Ext., GIF 19/256, MOD. 256-QAM, FEC 3/5, PP8
(UL Yo N O v | Tl
P e
| <VALUE>
E 52,20 - 7502 cBuY/im

1

a

B 5300 - 7502 cBuim
5.0 - 3750 CBpYn

Ainimnssy a.an.
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W 48 nsasdeyeuad FFT 32K Ext., GIF 1/128, MOD. 256-QAM, FEC 1/2, PP7
g "= SR %) | R
# 3 | W <VALUE>
I 5220 - 7202 cBYin
T 721t -z40uBpYin

‘4 ) I e - Ry
anyaoon

4111

e

TR

Legend P
[ew vw P4

| Jeeo vos

[ ces--

dinimnssy a.dan.
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AN

50 nsdadnyeyes FFT 3
ey % !

SCYEN N

2K Ext., GIF 1/128, MOD. 256-QAM, FEC 3/5, PP7
- ’ U

— 7

B |

Legend -~

(TR0 +
| e vus

IS N ', )
- pa o R - O
- %h. "-Jéﬂ&‘:%m S s

dinimnssy a.dan.
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A 52 Msdadtyeynd FFT 32K Ext., GIF 1/128, MOD. 256-QAM, FEC 2/3, PP7

2 | % ¢ ~ XAaw; I\!

I'!':

i E u
Legend
«VALUE>

I 5300 - 78 02 cBuYim

820 3102 By

o

NN 53 'ﬁuﬁmsnszmmﬁwaa FFT 32K Ext., GIF 1/128, MOD. 256-QAM, FEC 2/3, PP7

f o 1 o N 1 3 L]
LG T R O :

dindmangsy a.an.
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N 54 nsasdeygnd FFT 32K Ext., GIF 1/128, MOD. 256-QAM, FEC 3/4, PP7
st AXEIRES

I"E I E

Legend

3

“VALUE>
I 53.00 - 31 02 cByY/m

81.71 - 24 57 UBYY/n

Y
AN 55 ﬁuﬁmsns:maﬂﬁu‘um FFT 32K Ext., GIF 1/128, MOD. 256-QAM, FEC 3/4, PP7

SN N LI
7 o Legend

-
[ e vwo

[T
0 ces--

i -
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N 56 NsasdeyeyId FFT 32K Ext., GIF 1/128, MOD. 256-QAM, FEC 4/5, PP7
"ty ra

I Legend

«VALUE>

B 5300 - 252 cByVim
T a2 5628 0By
B - Ry

o~ [
o .

£
o

|
L

=
’
.

N 57 -ﬁuﬁmsnssmuﬂﬁwaa FFT 32K Ext., GIF 1/128, MOD. 256-QAM, FEC 4/5, PP7

PN Yo AL BTN i\ TR T O B I
‘ | T | | | i i
\, Legend

[ e voe
[ Jeeo v

dindmangsy a.an.

1M7|Page



AW 58 nsasdeyeyI FFT 32K Ext., GIF 1/128, MOD. 256-QAM, FEC 5/6, PP7
] "ty ra
I Legend
«VALUE>
!n:o-an:auw-r i
802 UBYY/
m,./m-

=
]
i

s
§
14
H
i

-

T
Legend

L vo
[LLw vus
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un 4

n1sIndyuIanIAauY

mmnassenmmalnsimimaiufulussuuAinoadomalulad 4k naanilde
Fyao a.an. dinaulng 1diadesdalnsvied 8ve Tredess Ju MP-600R dsds 500 W
HauaeemAviia Omnidirectional %8 Kathrein Ju 75010067 %83 22 Anufl 482 MHz
Iwanlsiwdunuiueu dnsve1easeInia 5.76 dBd didsdsesnainia (ERP) Usvanm 767
w v'hnﬁima“tg:ym‘luﬁuﬁﬂsaUﬂqumiaanmmn'lu%’ﬂﬁﬂs:mtu 10 Alawns aeiigunsal
TumsTadoyarameaaua fal

1. Antenna

2. TV signal & spectrum analyzer fivia PROMAX ju RANGER Neo 4

3. Television ?jv”m LG i:u 55US660H0TD
4. Attenuator
189116

awonanldlunisneassiudygranduaigeiniAuuusii (Yaki antenna) Log-
3 . oA ' P @ o o = Y a
periodic 8%@ Fracarro U LPA5F fipaudnuugyiludsnin uaslinadnuagmamaiinniu

AN

A 60 Yaki antenna - Log-periodic Fracarro LP45F

AN 32 ﬂmé’nwmxmﬂmmﬂ Log-periodic

Description Unit LP45F
Fracarro code 216149
Elements No. 6

Ay a.an.
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M5 32 ANANYMLEEDINA Log-periodic (#i)

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) 2 +/-28
Impedance Ohm 75
Connector Type F
Maximum mast mm 60
Dimensions mm 99 x 32

TV signal & spectrum analyzer

TV signal & spectrum analyzer 8%a PROMAX U RANGER Neo 4 @1u1500en3¥ia

dyayainn 4K uavilinaudnuyaeniamatdanuniaruan

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

RANGER/ Ve

ISDB-T

dinimingsy a.am.
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d v v
insasFulnsviAy
iesdulnsvimiivie LG fu 55US660HOTD Usziav iDTV fiaudnumsniamada i

NI

W 62 iDTV LG $u 55US660H0TD

O Gaise atel intz Goont tevce

39 33 AudnuuziATessUnsYimI LG 55US660H0TD

Tgavidun AANYAIY

Broadcasting system

Digital DVB-T2/C

Analog PAL/SECAM
Display 55 inch
Resolution 3480 x 2160 (UHD)
Dynamic range HDR10 Pro

HLG
nsindyn

[

myindygruneguinmesaindyaiulnsied aaunsain

o

ey uAANgs 10

v o

was luiuiveassesnemanaanddsdygiug aan. ddnaulvg defisaiiuszanm 10

Alawns Sy 4 9 fadl

=

N 1 AirngTunn vShaemsdidyiunniifion UsEninsaunauuiand 3ain

o o

(1Uv1TU) AVAVNNTLED B

a o

wneleuuny3 uuny3 fidnaziigeail 13.867905 wie 13 52.074
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parnmile Wazasddgnil 100515605 we 100 30.936 sammzrusen fiszuzyaeINAIIN
anfldsdygu adn. dineulng Uszanm 6.48 Alawns

i 2 feld UiuemensmBsiugain @usoli) wwienins wmendng
njwmavuAs  AinavAgedl 13.816102 vde 13 48966 ewnwie uazasddgei
100.552759 %39 100 33.166 ssmnziuesn szezneenmannaniddyyinn a.an.
dinaulng Uszanw 6.21 Alawng

9ail 3 fimnziusen Uinmauaensn Uit uwauiln eewiidiedy Laide d1in
(@vwy) WL ALY nFavmAYUAS RidnasAgadl 13.844755 w3 13 50.685
il wazanadge?l 100.632949 we 100 37.977 samnnariusen fszurvneeniAin

anfdsdyqum aan. dinsulug Uszanm 6.71 Alawns

=

1 4 fienile vinasudduiuiithudiesen suandnun duneidiasunusiil
WinavAgan 13.974533 w3e 13 58.472 ewwile uarasidgafl 100.589073 e 100
35.344 asraziueen fszezvonmaninaniddsdyaus dan. ddnnulug Ussanu

11.9 Alawms

2N 63 ununkanurtsanidedyann dan. dilneulny warynindyyiu
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NN 64 NTINERYEYIM B qmi’ﬂﬁ 1

[,

|
-

' v =l W o a ¢ a v
ﬂ’lms'mﬁtutmm M v 1 UWAMIPINITY LLﬁﬁW'\ﬂ']TJLﬂT\SMQNU?#W]ﬂ gelusunsy

z v ' v ) & )
Progira wanslyiiingn angudeyanimgdlusydu clutter voslusunsy a 9all aansadu
dyeyrauuwuu Line of Sight (LOS) et sanw
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M 38 MsTudyyugadad 1 dsdygrusiewsiiines DVB-T2 Uagiu

DVB-T2 Code Bit rate Required /N Receiver Limit Power MER N M CBER LBER Strength | Qaulity

Parameters rate (Mbps) (dB) (dBpV) (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 438 30.3 >28.60 17.7 1.0E-06 1.0E-07 92 100
GIF 19/128 R T2GW: 21.90 Portable: LG Min
PP2 DVB CAL: 21.93 16.91 Max

M 35 msdudyyugaind 1 ddygrusemsiinedmunausinareiu
DVB-T2 Code Bit rate Required /N Receiver Limit Power MER ON M CBER LBER Strength | Qaulity

Parameters rate (Mbps) (dB) (dBuV) (dB) (dB) (%) (%)
32K Ext. ENC: 30.70 Fixed Rooftop: PROMAX Min 30.5 184 >15.60 18 9.0E-02 1.0E-08 26 94
256-QAM MUX: 31.20 19.58 Max 44.0 304 >28.60 135 6.36-04 1.0E-08 78 100
GIF 19/256 L T2GW: 31.30 Portable: LG Min 14 42
PP2 DVB CAL: 31.48 21.68 Max
32K Ext. ENC: 32.00 Fixed Rooftop: PROMAX Min 29.6 173 >13.80 18 1.0E-01 1.9€-07 22 73
256-QAM MUX: 32.50 19.18 Max 47.0 30.7 >31.60 138 1.9€-04 1.0E-08 78 100
GIF 19/256 ¥ 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 304 144 >14.70 -27 1.0E-01 8.9€-08 22 75
256-QAM MUX: 33.60 18.54 Max 47.0 228 >31.10 59 1.9€-03 1.0E-07 78 100
GIF 19/256 o3 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 21.0 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 vz 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 s 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 03 8.9E-02 3.9€-09 18 57
256-QAM MUX: 39.90 20.02 Max 46.9 30.5 >31.60 124 2.3E-04 1.0E-08 74 100
GIF 1/128 e 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 . 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 a7.2 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

dinimngsy a.an.

125|Page




) v o 1w a < o v '
AN 36 Masudygugniad 1 ddygrudmemaiiveimunusisandeya (ve)

DVB-T2 Code Bit rate Required /N Receiver Limit Power MER N M CBER LBER Strength | Qaulity
Parameters rate (Mbps) (dB) (dBuv) (dB) (dB) (%) (%)
32K Ext. ENC: 49.50 Fixed Rooftop: PROMAX Min 350 226 >19.10 0.6 4.1E-02 4.3E-07 18 46
256-QAM MUX: 50.00 2438 Max 471 30.6 >30.90 87 2.3e-04 1.0E-08 50 100
GIF 1/128 Ve T2GW: 50.10 Portable: LG Min 14 35
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 M CBER LBER Strength | Qaulity

Parameters rate (Mbps) (dB) (dBuvV) (dB) (dB) (%) (%)
16K Ext. ENC: 21.30 Fixed Rooftop: PROMAX Min 25.70 13.30 >9.5 0.7 9.4€-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 W T2GW: 21.90 Portable: LG Min 8 33
PP2 DVB CAL: 21.93 16.91 Max

maa 38 masudyngedeit 2 dsdygyiusowsiineinunasinaneiu
DVB-T2 Code Bit rate Required /N Receiver Limit Power MER N LM CBER LBER Strength | Qaulity

Parameters rate (Mbps) (dB) (dBuv) (dB) (dB) (%) (%)
32K Ext. ENC: 30.70 Fixed Rooftop: PROMAX Min 303 18.4 >14.8 15 9.6E-02 1.6E-08 14 83
256-QAM MUX: 31.20 19.58 Max 54.4 329 >38.3 16.0 3.5E-05 1.0E-08 94 100
GIF 19/256 e 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 >143 11 9.8€-02 8.1E-09 14 73
256-QAM MUX: 32.50 19.18 Max 54.5 331 >38.6 16.2 3.9E-05 1.0E-08 94 100
GIF 19/256 w T2GW: 32.60 Portable: LG Min 8 6
PPa DVB CAL: 32.82 21.28 Max
32K Ext. ENC: 33.10 Fixed Rooftop: PROMAX Min 311 15.0 >15.0 -1.9 9.5€-02 1.0E-07 18 8
256-QAM MUX: 33.60 18.54 Max 54.5 248 >38.1 79 1.26-03 1.0E-08 94 100
GIF 19/256 W 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 (/N Receiver Limit Power MER ON M CBER LBER Strength | Qaulity

Parameters rate (Mbps) (dB) (dBuv) (dB) (dB) (%) (%)
32K Ext. ENC: 29.30 Fixed Rooftop: PROMAX Min 27.0 151 >113 0.5 1.0E-01 4.2E-06 10 63
256-QAM MUX: 29.80 16.29 Max 54.6 326 >38.3 18.0 1.1E-04 1.0E-08 96 100
GIF 17128 L T2GW: 29.90 Portable: LG Min 8 13
PP7 DVB CAL: 30.09 18.34 Max
32K Ext. ENC: 35.40 Fixed Rooftop: PROMAX Min 29.7 174 >13.5 0.5 1.0E-01 3.2E-07 14 53
256-QAM MUX: 35.90 18.44 Max 54.7 322 >38.1 153 9.9€-05 1.0E-08 94 100
GIF 1/128 2 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 31.0 189 >15.0 0.8 8.8E-02 1.0E-08 10 50
256-QAM MUX: 39.90 20.02 Max 54.2 325 >37.5 144 1.1E-04 1.0E-08 93 100
GIF 1/128 % 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 33.0 209 >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 A 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 16 4.0E-02 1.0E-08 14 49
256-QAM MUX: 47.90 23.56 Max 54.6 327 >37.9 115 1.2E-04 1.0E-08 92 100
GIF 1/128 L 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 /N Receiver Limit Power MER N M CBER LBER Strength | Qaulity
Parameters rate (Mbps) (dB) (dBuv) (dB) (dB) (%) (%)
32K Ext. ENC: 49.50 Fixed Rooftop: PROMAX Min 355 233 >20.3 14 3.5€-02 1.0E-08 10 a8
256-QAM MUX: 50.00 24.38 Max 54.7 323 >38.2 104 1.1E-04 1.0E-08 91 100
GIF 1/128 s T2GW: 50.10 Portable: LG Min 8 6
PP7 DvB CAL: 50.35 28.06 Max
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M3 40 Masudygaindt 3 dedygrasensiiines DVB-T2 Yagtu

DVB-T2 Code Bit rate Required /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-OAM MUX: 21.80 15.17 Max 46.4 303 >31.0 17.7 5.4E-06 1.0E-08 92 100
GIF 19/128 3B T2GW: 21.90 Portable: LG Min 9 37
PP2 DVB CAL: 21.93 16.91 Max

e 41 msfudtygaadei 3 dedygrumenniweimunusinareaty
DVB-T2 Code Bit rate Required /N Receiver Limit Power MER N LM CBER LBER Strength | Qaulity

Parameters rate (Mbps) (dB) (dBuV) (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 46.3 314 >30.6 14.5 3.7E-04 1.0E-08 93 100
GIF 19/256 = T2GW: 31.30 Portable: LG Min
PP2 DVB CAL: 31.48 21.68 Max
32K Ext. ENC: 32.00 Fixed Rooftop: PROMAX Min 299 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 >30.5 131 4.9E-04 1.0E-08 86 100
GIF 19/256 oo 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 % 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 /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 04 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 1 T2GW: 29.90 Portable: LG Min 252 8 26
PP7 DVB CAL: 30.09 18.34 Max
32K Ext. ENC: 35.40 Fixed Rooftop: PROMAX Min 293 174 >137 0.5 1.0E-01 6.1E-07 10 50
256-QAM MUX: 35.90 18.44 Max 46.4 30.0 >30.8 131 5.8E-04 1.0E-08 86 100
GIF 1/128 s T2GW: 36.00 Portable: LG Min 280 8 23
PP7 DVB CAL: 36.16 20.52 Max
32K Ext. ENC: 39.40 Fixed Rooftop: PROMAX Min 30.9 18.8 >144 0.7 8.7E-02 1.0E-08 10 50
256-QAM MUX: 39.90 20.02 Max 46.4 30.2 >31.2 121 5.6E-04 1.0E-08 78 100
GIF 1/128 w T2GW: 40.00 Portable: LG Min 279 8 23
PP7 DVB CAL: 40.23 22.16 Max
32K Ext. ENC: 44.40 Fixed Rooftop: PROMAX Min 332 212 >17.9 1:3: 6.0E-02 7.1E-09 14 59
256-QAM MUX: 44.90 22.06 Max 46.4 30.3 >30.2 104 5.2E-04 1.0E-08 70 100
GIF 1/128 A T2GW: 45.00 Portable: LG Min 308 8 10
PP7 DVB CAL: 45.26 24.58 Max
32K Ext. ENC: 47.40 Fixed Rooftop: PROMAX Min 343 219 >18.6 0.7 4.98-02 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 e T2GW: 48.00 Portable: LG Min 317 8 10
PP7 DVB CAL: 48.29 26.67 Max
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DVB-T2 Code Bit rate Required /N Receiver Limit Power MER N M CBER LBER Strength Qaulity
Parameters rate (Mbps) (dB) (dBuv) (dB) (dB) (%) (%)
32K Ext. ENC: 49.50 Fixed Rooftop: PROMAX Min 35.6 230 >19.9 1.1 3.6E-02 1.0E-07 14 49
256-QAM MUX: 50.00 24.38 Max 46.6 30.2 >31.1 83 5.3E-04 1.0E-08 62 100
GIF 1/128 B T2GW: 50.10 Portable: LG Min 327 8 12
PP7 DVB CAL: 50.35 28.06 Max
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DVB-T2 Code Bit rate Required O/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 25.2 120 >9.6 -0.6 1.0E-01 2.1E-06 18 65
64-QAM MUX: 21.80 1517 Max 36.9 239 >21.0 113 6.7€-04 1.0E-07 70 100
GIF 19/128 ” T2GW: 21.90 Portable: LG Min 23.0 9 74
PP2 DVB CAL: 21.93 1691 Max

A5 44 ms%’uﬁ’:ytmtqu?mﬁ 4 dsdygrumevnilnesmunasinaiteiuy
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: 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 370 234 >21.1 6.5 2.3E-02 1.0E-08 a6 100
GIF 19/256 o 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 24602 | 1.0E-08 a6 100
GIF 19/256 5 T2GW: 32.60 Portable: LG Min 271 9 10
PPa 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 - >214 - - - 46 100
GIF 19/256 5 T2GW: 33.70 Portable: LG Min 21.0 9 16
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 M CBER LBER Strength | Qaulity

Parameters rate (Mbps) (dB) (dBuV) (dB) (dB) (%) (%)
32K Ext. ENC: 29.30 Fixed Rooftop: PROMAX Min 215 15.2 >120 0.6 1.0E-01 2.7€-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 vz T2GW: 29.90 Portable: LG Min 26.0 8 10
PP7 DVB 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 9.5€-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 a6 100
GIF 1/128 s 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 9.1€-02 8.5€-07 14 44
256-QAM MUX: 39.90 20.02 Max 36.6 237 >21.1 56 2.7E-02 1.0E-08 38 100
GIF 1/128 o T2GW: 40.00 Portable: LG Min 29.0 9 14
PP7 DVB CAL: 40.23 2216 Max
32K Ext. ENC: 44.40 Fixed Rooftop: PROMAX Min 338 20.8 >18.3 0.9 5.6E-02 4.5E-06 14 50
256-QAM MUX: 44.90 22.06 Max 36.7 236 >21.1 37 2.6E-02 1.0E-08 34 100
GIF 17128 " T2GW: 45.00 Portable: LG Min 31.0 9 1
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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DVB-T2

Code

Bit rate

Required /N Receiver Limit Power MER N M 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 0.4 4.0E-02 4.3E-07 14 a8
256-QAM MUX: 50.00 24.38 Max 36.7 234 >214 22 2.6E-02 1.0E-08 22 68
GIF 17128 A T2GW: 50.10 Portable: LG Min 9 15
PP7 DVB CAL: 50.35 28.06 Max
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M3 46 WisuiiguATuMuLLLTB NG idsegn

ANUMLUNYBINENGNEswngn (dBuY)

AN it 1 i 2 i 3 7 4 WNBR
DVB-T2 Parameters
EBU TECH (6.48 km) (6.21 km) (6.71 km) (11.9 km)
3348

W38wes DVB-T2 Jaguu
16K Ext., 19/128, 64-QAM, PP2, FEC 3/5 46.89 438 55.2 46.4 36.9
wfiwesmunueinatesiu
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
wnfiweinaunusisnsdeya
32K Ext., 1/128, 256-QAM, PP7, FEC 1/2 48.01 47.2 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., 17128, 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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nmaassasdnainsiminaiuiulussuuataeadomalulad ak Taviidnsiin
15 Mbps 20 Mbps way 30 Mbps Lﬁasaﬁugﬂuwa"cyrymmwﬁﬁ'mum fuwuanianisds
deyeyeu il

1. mydadygrnuulasaiisidnuuy Single PLP fil#dns Tngagaiviafy 21.93
Mbps @111505095Unsadgygrinsimilusyuu DVB-T2 Ltuumms_ﬁwuﬂmuﬂu'ﬁmqaﬁq
(Ultra High Definition: UHD) I 1 Tusunsu #isasninasit 15.0 Mbps winfu Tsannsods
dyarauniauiuuuuninsgruauautaund (Standard Definition: SD) 4717w 2 WUsunsu
finsdnasil 2.0 Mbps Wiodsdygamiouiuuuunnsgiuauaudngs (High Definition:
HD) $u7u 1 TWsunsu A8nsnBansil 5.0 Mbps agslsiin NTAdY Y IUUUNINTFIU
UHD wipuiudgygyraiuuuninsgiu HD way SD 594 3 TUsunsu vulasetreidaumieldy
winfimefiAeatuiulasiiiy a.an. Jagiu eguuitoulvildyyinimuuuinasgiu HD
uay SD Tdmalulad HEVC Wiy UHD

2. nsdsdygrnvulassiisduwuy Multiple PLP Lildvinnsvaaesiiiesain
Jodnfinvesgunsal
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AT 47 Madennsinassonninvestannanduulasetieln

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 51.5 515 515
- Others (@64 kbps) 64 64 64 64 64 64

Total Bandwidth Allocation 36175.5 46175.5 51175.5* 311755 41175.5 61175.5**
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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 latest 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  WATERLDING  ENCHT

_= @ @ Pt H 5

TS over IP
BV ottnd 2F PACAGN  SATMICOTEN  OTTRMGEST  DECRYT

2022-6 @ /fzg "ﬁ?“

210

DvB-S2x
—

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 ha rmon?c,

62 0
ENCODER/TRANSCODER IN A HYBRID HEADEND (x)
—»  ProView™
e« ProStream* X —» —
NETWORK ATSC )

NMX*™ VOS*Origin —»  Cache/CDN
STREAMING
@ + STANDALONE PACKAGER @
s — onmor— Y

XOS Ady d Media Pr Workflow Exampls

XO0S 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$S 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 fe plete RESTful API, shared with other Harmomc Cloud and SaaS solutions,
and enabling configuration, control, and monitoring from any external system. This greatly simplifies the i ion of hybrid sy
where on-premise appliances are mixed with our Cloud solutions, resulting in maximum simplicity and ﬂuib‘lity.

Unique Features

Premium video compressi

Py by H ic 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.

XOS simplifies conversions between SDR and different HOR 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.
XOS 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

VIDEO PROCESSING
Features
Encoding Profiles
MPEG-2

MPEG-4 AVC

HDR & WCG Capabilities

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

SMPTE 2022-6
SMPTE 2110
DVB-S2X
IGMP v2/v3 -

2022-7 support
MPEG-2 TS over IP (2022-7 compliant)
AS| Outputs
MPTS and SPTS
Standalone =
Remote Statmux c

B SRR 000
Synchronized ABR Encoding
MPEG-2 TS over IP (ATS with EBP)
Apple* HLS
Microsoft Smooth Streaming (MSS)
MPEG DASH
RTMP,
Broadcast &
Content-awave Encacing whn Eved
MP@ML
MP@HL
B8P@L3
MP@L3
HP@L4
High422@L4)

e

R,

858
2

s§
§
Hi
3
§

AUDIO PROCESSING
Features

Encoding Profiles

Decoding Profiles

DATA FEATURES
VANC Processing

PACKAGING FEATURES

Ad Insertion
Audio, Data, and Video

harmonic,

Audio Transcoding
mmﬁm

MPEG-1 Layer Il
AAC-LC/HE-AAC vi/v2
AC-3 (Dolby Digital*)
E-AC-3 (Dolby Digital Plus™)
Dolby AC-4

MPEG-1 Layer I

AAC-LC/HE-AAC vI/v2

AC-3

E-AC-3

Dolby E with Auto Switch

Automatic Loudness Control (EBU R 128,
A-weighted, K-weighted)

Audio Pass-Through including Dolby ATMOS
Nielsen Audio Watermarking
Resampling

G o SCTE-35

Segmented Media Formats
Protocols
Closed Captions and Subtities

MANAGEMENT

DEPLOYMENT OPTIONS
Apptiances

rarts of Homena ire w the Lirssed

N e L e T
.20
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of services per
HLS-TS, CMAF, DASH, MSS
WebDAV, HTTP Post, RTMP/RTMPS
CEA-608/708 Passttvough
CEA-608/708 to WebVTT (HLS, DASH) and
TTML (HSS)
Teletext or Cavena P31to WebVTT (HLS,
DASH) or TTML (HSS)
DVB Subtitie Conversion to SMPTE-TT (OCR)

CPIX APY

ATSC 30 Compatible

Harmonic NMX™ Network Management System
Standalone Web-based interface
RESTHul API shared with VOS*

SNMP
ESAM (decision on SCTE-35 processing)
From Input TS via DMS™ Management System
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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 ) and syncl s to DVB-T2 modulators. It also has the
capability to apply DVB-T MIP insertion by addhg synchronization marks in the DVB-T tvanspon 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 requi helping op s reduce capex and opex. High reliability and simplified serviceability
result in an all-in-one-box experience for high-throughput stream processmg atlow TCO.
SD, HD and UHD formats as well as MPEG-2, MPEG-4 AVC and HEVC codecs are all supported on X. This ap els le 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-SIS 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, suppomng both single and multiple PLPs. The main benefits of DVB-SIS
include bandwidth optimization to reduce opex and using a that ¢ with DTH, DVB-T and DVB-T2 standards. The use of
DVB-SIS allows op to reuse 1t instead of d g the for both DTH and terrestrial distribution. Harmonic offers
an end-to-end solution using the company s top-ol the-line products includtm) XOS for best-in-class video quality and SIS reception, ProStream,
ProSwitch, all managed by Harmonic NMX.

Scrambling
ProStream X integ with major ¢ 1al access sy (CAS) and is the first stream processor to offer 128-bit DVB CSA3 encryption

. Integrated and certified by Cisco and Irdeto, it is the most secure stream processing solution for distributing UHD broadcast services. DVB
CSA2, 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

lution easily & 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 Py X with remote + Electra X2

encoders across a LAN or WAN, allowing any ProStream X in the network to efficiently manage the encoders’ munuupoolstoSmam 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

themtdloemodeaﬂmatzngbnaﬁzzdumsms(rwnswnhwhcm ational and unique regional channels. The use of the regional
statmux feature reduces the number of encoders required to support regionalized feeds and elimi y national program duplication.
* Multiplexing and scrambling of up to . IPMwovlrmandmmm + Slate insertion for service disruption
2,000 simultaneous broadcast services . DiyiTrack IP { mul
+ High-throughput 10Gbps video with remote distributed encoders . Enmgtncy Alert Systom (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 histener/caller gateway for
from any input to any output streams. hundreds of streams
+ Target average bitrate + DVBCSA3,DVB CSA2 and AES + DVB-SIS complaint
+ DataTrack scrambling

harmonicinc.com
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ProStream® X vioco stream processon s cateway ha rmon Ic.

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.

pmsmanstmw-«w:mtmwmaemmhmmmtommm -term average bitrate for

each video based on the user config: P s that have multiple ¢ s sharing ch Is in the same pool, the feature
mlmetkmagehuaecustmsaepmngfwm&nmt«mwﬂhmmmhgﬁvﬂmww

Linear Ad

Linear ad splici ordugulpmgnmmnmmﬁoﬂrmxmmw-nummmduwwwsa«ﬂymmm-

air MPEG-2, 4 AVC and HEVC SD/HD transport streams. With this capability, op S can increase 9 per user by allowing
advmisastorudsdmmuedvmsvnﬂ\mgaedads

The powerful mumwwmmmmm~ dreds of ch Is without to purchase
a standalone, box splicing solution, saving costs while simult: g up new haddtmbydrmmngmemdto
mwwromummmwmmsmmawwm

ProStream X supports live-to-live which allows ProStream X to switch main and al live feeds lessly, with no ETR 290
errors at output. In statmux applications that include switchover to an alt program, the progr become part of the VER pool.
Digital Turnaround

With standard IP and DVB input and output interfaces, the ProStream X processor is easily incorporated into existing headend envi and

supports multiple digital turnaround applications. The platform’s robust, mmﬁemdhgﬂyscahbhdwwp&ts G remultiplexing,
including PID remapping, prioritizing and filtering, insertion and generation of PSI/SI tables and PID multicast. Device, port and input TS redundancy
arestpponed,aswdlasmunpleIPsodtaslorMPTS:\dSPTSapplxﬁu\sm:mxtplaﬂwmmuiymgvxkspmu\dm
requirements, but also simplifies network infrastructure while delivering a high-

WMRMMW

as part of CableOS vCCAP solution, ProStream X serves as a powerful video engine that feeds both
mwvoocmemloasmasloon 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
As processing needs evolve, the ProStream X platform makes it easy to inc ity add or upgrade 1/0 modules and fi licenses,
simplifying scalability and extending the system’s value.

Technical Benefits

MWMM

ProStream X 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 simul multiplexing and scrambling services. Video gatew: cmahhmmludesocmad&essmnl-lo-lp:mmwp
m'mmgmmaliocbsweﬂacesalsommmdrmndmupoﬂsmdenabhamlphhdpaddfmsc

Reliability, Simplified Serviceability
MImeomherosmamxplatfovmtssmphhedmthh&swmpabhfmassemﬂnsmdmd dundant power lies. Ch
procesovsandl/OmoddestsqmweasyMwus«vuahhtyfeannsmwmsymmﬂlwnwwmemm:lu
downtime, increasing the opportunity to generate revenue.

Control and Management

oncessmgontnprosmanxnnsiy figured and ¢ d with ic’'s NMX™ Digital Service Manager video management system, a
service-oriented solution for mass i itoring and d redundancy in centralized or distributed architectures. An intuitive and
Mhnndtymb—basedcusasomiable

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 network of flexible and responsive support professionals help
enwreyowabvmytoddwumnsundmg , anywhere, any-device’ experiences.

ProStream X: The Heart of the Headend

ﬁ Stream processing
[ oeax | - B
Statistical mulriplexing
[ oemx | @ e
.

| Selicing
Real-Time Encoders I o Terrestrial output
Ad Server | Blackout switching
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ProStream® X vioeo stream processor & cateway

SPECIFICATIONS
10GBEIP 1/0

Type IEEE 802 32
IP Ports Four independent
Connectors Four 10GbE ports, RJ45 on board
PCle option cards for either two or four 10GbE ports
SFP (up to three cards per platform)
Support for EEE 802.Q VLAN tagging
170 Speed Up to 10 Gbps
1P Encapsulation MPEG TS over RTP/UDP/IP/MAC
10 7 TS/IP
MPEG Format 188 Bper TS
MPEG Transport Streams ~ MPTS and SPTS
1/0 Processing 1,000 sockets
Up 1o 10 Gb per platform (configuration dependent)
Maximum Bitrate per Sacket 300 Mbps.
Addressing Multicast
Unicast
Management IGMPv2/v3
AS11/0
Type AS! input/output
ASI Ports Eight ports per card, up to three cards per platform
Connectors Eight mini-DIN ports.
1/0 Direction Configurabie, input or output, per port
MPEG Format 188/204 B per TS
1/0 Processing One MPTS/SPTS per port
Up to 213 Mbps per input or output
MANAGEMENT INTERFACES
Ethernet 10008ase-TX
Connectors Two RJ45 (1management, 1 CAS)
SCRAMBLING
SCS Internal
Standards DVB common scrambiling
OVB CSA2, DVB CSA3, AES-CBC, AES-ECB
Fix key scrambling and descrambling
CAS 10 30 different CA systems
BISS Encryption Mode |
Number of ECMs 2,000 ECMs per platform
STATMUX CONTROL
Codecs Supported MPEG-2, MPEG-4 AVC, HEVC
Formats Supported SD, HD, UHD, interiaced, progressive

Frame Rates Supported PAL.NTSC

DVB-T2 GATEWAY

Encapsulation of any generated multiplex into DVB-T2 frames

Generation of up to eight DVB T2-Mi streams over ASl or IP

Interface for external PTP server or | PPS/GPS

Support of single and multi-PLP

DVB-T SFN ADAPTATION

s«mmswmmumsmmunmmmtumnmsm

V141(2004-06)

Generation of up to 20 DVB-T TSs over ASI or IP

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

DVB SIS
up) DVB-SIS output ETSITS 103615

Generation of up to eight DVB-SIS output streams, and up to 36 groups per SIS
service for regionalization

Support of single PLP
Fully with

X0S,

harmonic,

REMULTIPLEXING

Routing Any input to any output
"o S o PO o i
PID can be multicast to TS
Muiticasting Al!"nw can “W outputs
CW, If scrambied)
PSS! Extraction, injection, spooling, regeneration
Output Mirroring Any to any
Advanced Stream Linear ad insertion splicing, SCTE-3S triggering for
Processing hundreds of channels
Live-to-live splicing. slate insertion, switching,
PID range, Emergency Alert System (EAS)
SRT 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
CABLEOS
Emergency Alert System (EAS) with SCTE-18 Triggering
PTP (IEEE 1588) clock synchronization
UDP-based VOD routing, as part of CableOS solution 1G/10G Ethernet

Tier-based and session-based DVB scrambling of up to 2,000 VOD streams, as part
of the CableOS solution

REDUNDANCY

Device
Under NMX or stand-alone GUI management
Internal Any-to-any input TS
TS output mirroring
redundancy
Service redundancy
Triggers 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) 7Ninx 169 inx 2783 in (1RU)

4346cmx429cmx 707cm

Weight 35861bs 1626 kg
POWER
Power Supplies Dual redundant
Voitage W00Vio240V
Line Frequency 50-60 Hz
Actual Power Consumption  295W without optional card
ENVIRONMENTAL
Cooling Seven fans, hot-swappable
Operating Temperature
ASHRAE Class A2 +50"10 +95°F
+10° 10 +35°C
Storage Temperature -22't0 +140°F
-30"t0 460" C
Safety Compliance EN 60950-12006 + Al1.2009 +A12010 +A12201
+A22013
EN 62479:2010)
Electromagnetic EN 550322012 Class A
Compliance (Class A) EN 55024200
EN 61000-3-2:204
EN 61000-3-3:2013

harmonicinc.com

dindmingsn a.an.

160|Page



AMAKNUIN A

Harmonic NMX

AN d.an.

161|Page



harmonic,

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.

NMYX is designed for 24x7 management of Harmonic Electra® encoders, ProStream® stream processors, the new generation of XOS
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 tandem 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 Qf 1t of a centrali
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.

« Service-oriented to work the way « Centralized management of * User administration/security/audit
operators work geographically distributed sy trail tools

+ “Input to output” GUI and f . Distributedp g for igh avaiabiity - Extensible third-party device

. Twm.smmn’n.mmm- * Flexible redundancy management m’mmwmm
based configuration for fast system .

HIGHLIGHTS setup et bt i a0 . istorica andstatisical anlysis of
. Scalable t siz " g bandwidth and alarm behaviors
bt ket b « Powerful automation interface

. traditional hardware-based 0l DPI server supports SCTE = A0V MRS i L

and virtualized videonfrastructures  gandird it broorar inserfioncue. e Ind ngine
message injection

dinimngsn a.an.
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NMX‘ NETWORK MANAGEMENT SYSTEM

FEATURE SUMMARY

Network, Service Control & Provisioning

Redundancy Support (1, NiI, N:-M)

Basic Alarm Package (Pending alarms, history alarms, status colors on icons)
PSI/SI Package (PSI/SI table support, private descriptors)

CAS Package
Advanced Alarm Package (Advanced alarm g alarm g,
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 11 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 leve! manipulation
Service tracking across topology
Dynamic PSI/SI table generation
C flexible private
Virtual service and stream management
Service-oriented alarms and analysis
Program suspend/resume

TOPOLOGY MANAGEMENT
Graphical view of network and devices
Geographical background maps
Mutti-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
Template-based configuration

FAULT MANAGEMENT

Manual or automatic redundancy switching

Router-based, path-based or IP-based redundancy mechanisms

GPI (contact closure) device monitoring tool

SNMP. g of third-party

Alarm configuration

Monitoring and alarm logging, highlights affected services and hardware

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

SNMP-based alarm forwarding agent with alarm filtering

SECURITY MANAGEMENT

Full user tools for multi.

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
DVB 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-Muxcontig support

DVB SIMPCOMP-MUXNOTIFY support

Internal EIS

Extensive coverage and easy to integrate RESTful AP

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

dnindminssy a.an.

163|Page



’;,

NMX- NETWORK MANAGEMENT SYSTEM

MONITORING SOLUTIONS

harmonic,

DEPLOVMENT OPTION: VM OR CUSTOM HARDWARE

Integrated with multiple monitoring solution vendors for an headend R ded System Requi
Control and integration with a wide array of decoders Processor 16 virtual CPUs (Intel® Xeon® processor E5-2620
STATISTICAL ANALYSIS Memory 32GBRAM
Statistical analysts of alarm behavior Disk size 48068
Inventory and device status reports NIC Four IGbE ports

Operating System (for  Windows Server 2019 / SQL Server 2017 (included in
STANDARDS-BASED Custom Hardware) NMX ova file)

SNMP
XML
TCP/P
REST

DEPLOYMENT OPTION: APPLIANCE

Server model
Hard Drives
NIC

Power

HPE ProLiant DL360 Genl0
Dual SSDs - RAID 1 - hot swappable
Four 1GE ports (RJ45)

Dual redundant power supplies, hot swappable
100/240 VAC, 50/60 Hz input

Max power @ Room temp ~ 265W (904 BTU)
Ma-pow«.mnm 325W (1109 BTU)

Management (IPMI)

Operating System

10°C to 35°'C (SO°F to 95°F)
Nmmmr -30C to 60°C (-22°F to

mwuhm

EMC Class A: FCC, CE, VCCI, KC, CCC, TCVN, CTick, BSMI
Safety: US/CA NRTL, CB Scheme, BIS, CCC, EAC,

Product Materials: EU RoHS, China RoHS, EU REACH,

1-RU server
D‘mﬂ:xﬁ (HxWxD): 43 x435x 70.7 cm (17 x 171 x

27i
Weight: 15kg (33 Lbs)

Yes.
HW alarm monitoring Integrated in NMX SW (thru iLO).
Windows Server 2019 / SQL Server 2017

ORDERING INFORMATION

NMX-HWP-3G-A

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

LIC-NMX-BASE-BCKP-VM

SW-NMX-REST-API-E

SW-NMX-EIS-E

SW-NMX-DCO-E

SW-NMX-SEO-E

LIC-NMX-DEVICE-CONF

SW-NMX-DEMO-E

dinimngsn a.an.

NMX 1RU, performance HPE server, for NMX SW
version 8.5 and beyond. Windows Server 2019 and
SQL 2017 included.

NMX Software Enterprise version 7 and beyond ~ License

NMX Software Base Backup License (for 141 Redundancy).

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

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

Som:mlxmulov and Monit
and services using NMX Restful AP

sacmmummxmmu“agcsm

oring devices

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

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

s«twcmmmmwmdm-m
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 enabies all software
option - 90 Days

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

Output power (Before filter)
ATSC 1.0

N° of Amplifiers

Final amplifier type
Efficiency (Typical)

IMD (Shoulder)

RF output connector

10 MHz reference output
1 pps reference input

GPS/GNSS (Option)

OCXO (Option)

Local control
Remote control

Operating temperature
range

Relative humidity (max.)
Altitude of operation

Cooling

Supply Voltage

Output power (Before filter)
1 2 3 4 5 6 8

UWB Asymmetncal Doherty
41% (COFDM Modulation)
UHF (470-700 Mhz)

DVB-T/H ETSI EN 300744, ETSI EN 302304, TR 101191, EN 50083-9
DVB-T2ETSIEN 302756 V13 1, TS 102831, TS 102773
ISDB-TARIB_STD-B31v1 6, ABNTNBR15601:2007
ATSCA/53 A/153 A/110,ATSC3 0Upgreadeable

DVB-T/H/T2. 2x ASIT2-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-S2 input 1xF-female with CAM and BISS 1E
ATSC: 2 xASVSMPTE BNC-female - 2x TSolP 10/100/1000 (UDP, RTP, RTP-FEC) RJ-46
F between all inputs.

> 36 dB
>38dB

Digital adaptative, linear and non-linear
<13d8

DIN 7116 EIAT8" " EIA 168"
BNC female 50 Q (-15 to +10 dBm)
BNC female 50 O
BNC female 50 Q (TTL)
SMA female 50 O Connector
Stability < £1x10exp-9 (0°C 1060°C)
Holdover: <0 8us after 4 hours, <12 ys after 24 hours
Stability < +5x10exp-9 (0°C to 60°C)
Aging: < £5x10exp-10/day
< #5x10exp-8iyear
Front LCD display with keyboard and LED indications. Micro-SD card to save and restore configurations settings.

Ethemet (web application and SNMP); /O contacts

-6°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)

JHA0 VG 1107230 VAC (single phase)

i o s 208/415 V (three phase 4 wires) 47 10 63 Hz

EN 60950-1:2006+A1:2010+A11:2009 +A12:2011 - EN 60215:1989+A1.92+A2.94
ETSIEN 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 302 206-2 V1.2.1 (2011-05)

* Other RF output connectors under request

SERIES PRODUCT BROCHURE 17

dnindminssy a.an.
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SPINNER | Broadcast SPINNER

1.3 kKW - 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

= Temperature compensated

= DC block

= Installation horizontally or vertically

= Low profile design

. IETL vonm
"
" "
£ "
E e
- 24
= 2
-« e
Bl m
€N 08
£ e
Cerme 802 000 W a—mn'
Typical diagram AS6229
Part Number BN 616663C1031 BN 616663C1033
Frequency range 470 - 860 MHz
Number/size of cavities 6/120
Harmonics attenuation 250 dB for f < 1100 MHz
TV standard DVB-T @ 8 MHz ISDB-T @ 6 MHz ATSC 1.0 @ 6 MHz
(O = 13 dB) (0N, = 13 dB) (O/Ue = 11 dB)
Average input power <16 kW s1.3kw <1.3kW
Tuning instruction AS6224 AS6229 AS6228
mmlmm 470 MHz 860 MHz 470 MHz 803 MHz 470 MHz 803 MHz
(alternative tuning on fo <03dB <04dB f, <035dB <05dB f, <0.40dB <0.55d8
;3805 <08dB <1.1dB f,+279 <1.10dB <14dB f,+260 <055dB <1.30dB
f,+3885 <09dB <13dB f,+3.00 23 dB +35 23 dB
hxa2 24 dB f,+3.15 25dB f+40 28 dB
f,26.0 220dB f;+4.50 >17dB fo+60 230dB
=120 240dB f,+9.00 238dB $+9.0 265dB
+150 248dB
VSWR (passband range) <115 <115 <115
Group delay variation At<350ns At <450 ns Atr<250ns
Temperature stability <2kHz/K
Connector 15/8" 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

Aindmnssu a.an.
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936.3624/a  Subject 1o aheration.

Omnidirectional Antenna [ 470-862 MHz KATHREIN
Polarization I T—
® 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 <11 Acitn e
Gain 8.dBd §
Vertical 3 dB beam width 13°
Impedance 500 %’
Polarization Horizontal » . .
Weight 70 kg s
Wind load (at 160 km/h) 590 N
Max. wind velocity 225 km/h
Height 2419 mm
1
Material: O in p
radome with a diameter of 332 mm. 05, —|’
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.

Radiation Patterns (at mid-band)

Horizontal Radiation Pattern

Epe 1

05

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

1) drainage (2x)
Bottom view
Picture shows
antenna with
optional steel
adapter 75310322
75010067 P

Kathrein USA Greenway Plaza |l, 2400 Lakeside Blvd., Sulte 650, Richardson TX 75082

Phone: 214.238.8800 Fax: 214.238.8801

dindmanssu a.an.
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‘Sutyect 1o altematon

Horizontal Radiation Pattern

UHF Omni
Frequency 470 MHz
Gain 54 dBd

Half Power Beam Width ~ 360°

{ 00

KATHREIN

Order-No.: 75010067

Date: 19.04.2017

Page:1/3

KATHREIN-Werke KG Anton-Kathren-Str 1.3

PO Box 1004 44 83004 ROSENHEIM Germany Phone +49 8031 1840

dninimanssy a.an.

Fax +49 8031495 www kathren de
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Vertical Radiation Pattern

[ 10* 20" 30" 40*
UHF Omni
Frequency 470 MHz
Gain 54 dBd
Half Power Beam Wiith 19
Date: 19.04.2017
HERTHREIN | ode-No.: 75010067
Page:2/3
KATHREIN-Werke KG Anton-Kathren-Str 1-3 PO Box 1004 44 83004 ROSENHEIM Germany Phone +49 8031 184-0 Fax +49 8031495 ‘www kathren de

dindmnssy a.an.
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All Pattern

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-Kathren-Str 1-3

PO Box 1004 44 83004 ROSENHEIM Germany Phone +49 8031 184.0

dninimingsy a.an.

Fax +49 8031-495 www kathren de.
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All information contained in the present datasheet is subject to confirmation at Sme of ordering

Product Data Sheet

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

LCF78-50JA-A7

CELLFLEX®7/8" premium attenuation low loss flexible cable
Application Main feed line
7/8" CELLFLEX® Low-Loss Foam Dielectric
Coaxial Cable
* Ultra Low Attenuation B
The further reduced attenuation of CELLFLEX® premium attenuation coaxial cable results in extremly %@—T’( [ w,mmﬁ:,',m 1 “—v;‘]—‘
efficient signal transfer in your RF system, especially at high frequencies ) | | iyl
« Complete Shielding 08 00780 | 00238 | 850 |
The solid outer conductor of CELLFLEX® coaxial cable creates a continuous RFVEMI shield that 1 110 0336 850 |
system " 1 135 00412 736
2 156 00476 637
« Low VSWR 1 51 107 263 |
Special low VSWR versions of CELLFLEX® coaxial cables contribute to low system noise 20 98 152 200
O e ) jon Performance 30 12 186 62
CELLFLEX® coaxial cable?s solid inner and outer conductors virtually eliminate intermods. —350 793 242 25
Intermodulation performance is also confirmed with state-of-the-art equipment at the RFS factory ?TBE.}) : ?g 3‘22 ggﬂ
* High Power Rating 108 18
Due to their low attenuation, outstanding heat transfer properties and temperature stabilized dielectric 150 39 425
matenals, CELLFLEX® cable provides safe long term operating life at high transmit power levels 174 50 458
« Wide Range of Application — L& 3 s
Typical areas of application are: feedlines for broadcast and terrestnal microwave antennas, wireless 200 232 707 228
cellular, PCS and ESMR base stations, cabling of antenna arrays, and radio equipment interconnects 450 247 753 202
512 264 0 806 377
Structure 600 288 0.876 345
Inner conductor Copper Tube mm (in)] 932 (0.37) 700 3.12 0.951 319
Dielectnc Foam Polyethylene mm (in) 22 4 (0.88) 750 324 0,987 307
Outer conductor Corrugated Copper mm (in)] 252 (0.99) '—g% 32—? :g g:z
Jacket Polyethylene, PE mm (in)] 278 (1.09) 894 356 1.08 279
Mechanical Properties 900 357 1.09 278 |
Weight, fkg/m (1)) 041 (028) {925 362 110 275
bending radius, single bending mm (in)] 120 (5) {960 370 113 269
1 378 115 263
Minimum bending radius, repeated bending mm (in)) 250 (10) 1250 427 130 233
Bending moment [Nm (Ib-f)) 13 (9.6) [ 1400 54 138 9
Max_lensile force (N (1)) 1440 (324) |__1500 7 144 1
Recommended / maximum clamp spacing [m (M) 08/1(27573.25) [ 1 ;g 05 1 ';; 7
Electrical Properties —1 ! 1
Characteristic iImpedance 0] 50 +/- 1 —% 3 % gg-‘
Relative propagation velocity %] 90 [ 2200 82 77 71
Capacitance [pF/m (pF/m)) 74 (22.5) |__2400 11 86 63
inductance [H/M (HA)] 0.185 (0.056) {2500 25 91 59 |
Max GHz) 5 {2600 39 95 56
s {2700 53 99
Jacket spark test RMS V] 8000 3000 93 11
Peak power rating (kW] 85 | 3500 56 30
RF Peak voltage rating M 2920 |__4000 16 49
DC-resistance inner conductor [Q/m (©/1000M)] 154 (0.47) 4900 17 80 08 |
DC-resistance outer conductor [Q/km (0/10001)) 155 (0.47) 5000 28 83 07
at 20°C (885°F) cable temperature
R ded T e Range Mean power rating at 40°C (104°F) amblent lemperature
Storage temp ['C(*F)] -70 10 85 (-94 10 185 )
['C(F) -40 10 60 (-40 to 140 )
Operation ['C (‘F)) 50 10 85 (-58 1o 185)
Other Characteristics
Fire Performance Halogene Free
VSWR Performance Premium for 698 - 794, 824 - 960, 1710 24 (1.135)
1755, 1850 - 1990, 2110 - 2155 MHZ
Other Options Phase stabilized and phase malched cables and assemblies are available upon request
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/ Radio Frequency Systems

dindmingsy a.an.

175|Page



AMARNUIN &l

Farcarro LP45F

dinimnssy a.an.

176 |Page



Data Sheet

RACARRO

LOG - PERIODIC Aerials

'LP45F LP SERIES

M

hFrecd

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 Description |  Unit LP45F
« Impedance 750hm Fracarro code 216149
« UHF Band Eloments Mo, g
e 60 mm is the maximum mast clamp dend LRI
diameter 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) N +/-28
Impedance Ohm 75
Connector Type F
Maximum mast mm 60
Dimensions mm 99 x 32
GAIN (Band ol
UHF) 8 :
X: Frequency g ¢ DIRECTIVITY
(MHz) 2 (Band UHF)
Y: gain ISO é :
(dBi) :

1%0
165 a0 165

YW Ki w{D frocarro.com

Thailand distributor: www.hstn.co.th/fracarro

dindminssu a.an.
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ULTRAHD

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

TV & SPECTRUM
ANALYZERS

www.promaxelectronics.com

vl f Link-)
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SPECIFICATIONS RANGER Noo Lite RANGER Noo + RANGER Neo 2 RANGER Neoo 3 ]mma
DIGITAL BROADCAST DVB-T/T2, DVB-T2 lite Ao inckudes Aiso inchides.
STANDARDS ove-C/C2 MPEG-TS DVB-T2-M1
DVB-S/82
DVB-S2 Multstream
1SDB-T/Ta
DSS, ACM / VCM / CCM
AUDIO CODECS MPEG-1, MPEG-2, AAC, HE-AAC, Dolby Digital, Dalby Digital Plus
VIDEO CODECS MPEG-2, MPEG-4 / H.264, HEVC /H 265
INPUTS AND OUTPUTS ~Universal RF input 5075 Q Als0 inchudes. Also nchdu
- HOMI output = ASI-TS input and output | - 1 pps Input
«IP interface for remote control (BNC Female, 75 0)
-Analogue Video/Audio input - IPTV mulicast input
~2xUSB (Type-A) for data ransfering (UDP/ RTP, RJ5)
« Cammon Interface siot
FUNCTIONS Constelation dlegram PLS (Physical Layer Scramtiing) - Screenshats and Datalogger for Service recording
LTE ingress st - Ulra tast spectrum analy zer Mo umment repons F k) strongth measur ement
Dynamic echoss analysis (70 e sweep time) Boacon-Pyaways fr SNG & VSAT - Task planner
SteathiD (nstant dentficaton - 4K Frame grabber Wideband LNB
of tuning parameters) MAX and MIN hokd WIFl 24 GHz
FM RDS raio moasurement and < LTE 1.8 GMz
decoding orr
ADDITIONAL FUNCTIONS Meragram Also incudes: As0 Inchudes Ao includes
Spectrogram TS reconding Network delay (OVB) - 4K decoder
Signal manitonng TS analyss DVB-T2.M! analysis
Remote contrd (wadCantrad) |- IPTV mulcast
MER by carter mwasrement and decodng
VideaAudio Steaming
SCAN « TLT
Shoukter atinygten
[TSPECTRUM ANALYZER
Frequency Margin From 5 - 1000 MMz (Terrestrial)
From 250 - 2500 MMz (Satelite)
Measurement range From 10 - 130 dByV
Span Full / 500 / 200/ 100/ 50 / 20 / 10 MKz
Resolution bandwidths 2 WHz (lermesinal)
100 kHz 100, 200 kHz 10, 20, 30, 40, 100, 200 kHz
1 MMz 1 MMz
T ———
MEASUREMENT MODE (please
refer to STANDARDS section)
Frequency Margin From 5 - 1000 MHz (Terrestrial)
From 250 - 2350 MHz (Satelite)
DVB-T COFDOM Power (35 10 115 dBYV), CBER, VBER, MER, C/N, Link margin
DVB-T2 Base and Lite COFDM Power (35 1o 115 dBV), CBER, C/N, LBER, MER, Link Margin, BCH ESR, LDP Herations, Wrong packets
MCQAM Power (45 10 115 dByV), BER, MER, CN, Link margin
-C2 COFOM Power (45 1o 115 dBpV), CBER, MER, ON, LBER, BCH ESR, LDP iterations, wrong packets
FAI. SECAM and NTSC MN.B G I D KandL
FM rado Level measurement
DVB-S QPSK Power (35 10 115 dBuV), CBER, MER, ON, Link Margin
DVB-S2 QPSK, 8PSK, 16/32APSK | Power (35 to 115 dBpV). CBER, LBER MER, CN, BCH ESR, Wrong packets, Link Margin
DSS QPSK Power (35 1o 115 dBpV), CBER, VBER, MER, C/N, Link margin
INTERNAL STORAGE 6 GB for measurement protocols, screenshots and ransport stream recordings
PC CONNECTION m‘(MM)OFMMMMM“MOWMMwMDIm
(via ethernet interface) reports and
GENERAL Hybrid operation detun-\(r)o'owmmd
EQC 2 x ges (DSEQC 1
OCSSISCD‘)(EWY)M SATCR&CD (ENS0494)
BATTERY >2h > 4 h (smart batery)
HARD CASE Optional Included
OPTIONS * 2 3 4
| —
GPS Coverage Analysis Avalable Available Included Included
Advanced DAB/DAB+ aralyzer - Avallable Available Avalable
Advanced FM radio analyzer B Available Available Avalable
Rack assembly 19" 4U: 482 (W.) x 178 (H.) x 205 (D) mm Avalable Available Available Avalable
OPM + Cpticl- ©-RF converter + WFIS GHz + LTE 26 GMz + 6 Ghz RF nput | Avalable Available Available Avalable
WIFi § GHz + LTE 28 GHz + 6 GHz RF input Avalable Available Available Avalable

SPECIFICATIONS REFER TO EUROPEAN VERSION
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RANGERNeo TV analyzers

A new breed of analyzers for a new world

v Included
O Optional

3 2 +

ATSC

ove ove ove
T ISDBY 1S08.T isoe-v

e RSN ENY ﬁga

4K decoder
HEVC H 265 decoder + 4K Frame Grabber
MPEG-2 and MPEG-4 H 264 decoder
Touch screen
Wide band LNB Compatibllity (wbLNB)
2.4 GHz WhFi analyzer
18GHZLTE
orr
Service recording
HOMI output
Video/Audio input v v
USB nterface 2TgedA BTweA 2TweA 2uTypeA 2uTiped 2lypeA 2uTeA ZulgeA  foMaUSE  tabinuss
Battery tme L) L) »an L) L) »4h »2n L) »2h »2h

v

SASSSSSsAr
AR N N N N N S
SASSSSsSsAs
SASSS S sSAAs
SASSNS S sSAss
AR N N N N
AN TR UL N N N N NN

Resolution filtler 100 kMz v v v v
Resolution fiers 200 kHz, 1 MHz
Resolution filters 2, 10, 20, 30, 40 kHz
Echoes analysis

Constelation diagram

webControl and Video/Audio Streaming
Spectrogram

DVB-T/T2: Merogram and MER by carrier
SCAN + TILT

b 15,

v v
v v
v

AN

v
v

R SRR
A N N Y
AR S N Y
AN N
s8N
AR

SSSSAs

Y
<
o2

IPTV analyzer

TS-ASI input and output

TS analysis and recording

Common Interface (encrypled channels)
Shoulder atlenuation measurement
T2-Mi

LLssLs
SSSsAs
SSSAs
SSNAAN

Network delay Margin (DVB)

GPS for drive test

Signal monitaring

Advanced DAB/DAB + analyzer

Advanced FM radio analyzer

OPM + Opticakto-RF + WIFI 5G + LTE 26G + 6 G RF input
WIFI 5 GHz + LTE 2 6 GHz + 6 GHz RF Input

o
o
.o

0000 « <
0000
o000 0
o0

o0

oo

ATSC standard

ISDB-T standard

DVB-T/T2 standard

DVB-8/82, DSS and ACM/VCM standards
DVB-C standard

DVB-C2 standard

QAM annex B standard

PSIP analysis

Closed Caption

A

L N N Y
AR R N
SSSSSsSsAs
SASNSAs
SASSNSAss
AN N N Y
AR N N N NN

AR YR NN

SR SR NEN

<
<
<
<
<
N

Soft carrying bag v
Hard transport case v

o e
AN
AN

DESIGN AND SPECIFICATIONS ARE SUBJECT TO CHANGE'S WITHOUT PRIOR NOTICE

www.promaxelectronics.com
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AUFIINTEAVNEIA 2.93 WA

Jwin _ uuwyi _ Latitude _ 13.867905

dawit 1 MeiadyyIiuuy Line-of-Sight finugevsaeaINIA 10 AT

) a o | a o o
11 a0uil_UsEv Insauunnuuviann® uunmys _Mua/ueds _unnsede_sune/un _ uunyi

Longitude 100.515605

v v o <
VDYAANINUINADN DL'VlﬂU’lﬁUﬂi DLVIPI‘U’latﬁSO Dtmmamua Dmutﬁao |Z|au']

o ¢ & a an
1.2 qmmwwé’mmm‘iwiwnumﬂwumu'luswummaa 10 Lumg

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 FEC3/5,PP2 FEC 3/5, PP4 3/5, PP8 FECH/2PRT.
Quality (0,1) 1 1 1 1 1
Power (dBpV) 438 44.0 47.0 47.0 46.9
/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 1.9-03 2.3E-04
LBER 1.0E-07 1.0E-08 1.0E-08 1.0E-07 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 EEC'2/3; PPT FEC 3/4, PP7 FEC 4/5, PP7 FEC 5/6, PP7
Quality (0,1) 1 1 1 1 1
Power (dBuV) 46.9 47.2 47.2 47.2 471
C/N (dB) >31.10 >31.60 >31.40 >31.20 >30.90
MER (dB) 30.5 30.5 30.3 30.2 30.6
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., 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

o
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mmqamni:ﬁuﬁmma 212 wns

dauit 1 maTadtyynuuy Line-of-Sight fiAnugeuasasaina 10 wns

o a v o ) o
11 anwi __ anndsugavie @usalv) _ dwua/ueis _aning_ 8une/un _ AJuvnaviuas_
IR NFUNNUMIUAS__ Latitude 13.8161108  Longitude 100.5527628

v v o P
VOLAANTNIINADY DWIﬂ'U'la‘Uﬂi DW!FI'U']ﬁLﬁEN Dmmmamua D‘Zﬂutﬂﬁd lZ]au']

anildsdygu  aan dwinnulvg FLEYMIINDINAINANINAY 6,21 nu. yu 23°
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1.2 QmmwuaaatytymewswﬂunWﬂwuﬂu'luswummaa 10 Wwng

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 3757 PR2: FEE /5 PR2 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
/N (dB) >38.8 >38.3 >38.6 >38.1 >37.5
MER (dB) 33.10 329 331 24.8 325
CBER 1.0E-06 3.5E-05 3.9€-05 1.2E-03 1.1E-04
LBER 1.0E-08 1.0E-08 1.0E-08 1.0E-08 1.0E-08
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16K Ext., 19/128, 64-QAM, 3/5, PP2

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, PP7
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 REC 245 8RB T: FEC 3/4, PP7 FEC 4/5, PP7 FEC 5/6, PP7
Quality (0,1) 1 1 1 1 1
Power (dBuV) 54.7 54.6 54.6 54.6 54.7
/N (dB) >38.1 >383 >38.0 >37.9 >38.2
MER (dB) 322 32.6 325 32.7 323
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, 3/5, PP7

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

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

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

32K Ext., 1/128, 256-QAM, 3/4, PP7
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dauit 1 mafadtyyInuuy Line-of-Sight fiAnugeuasasaina 10 wns
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Uoyadue

1.1 anuil  U3tW Planet Communication  sua/uus  viufe  8wnne/ium UL
Jamdn _ njunwamuas__ Latitude _ 13.844750 Longitude __ 100.632936

o - El
Yoyaanmuanden Cnevrauns COwaiaidios Owaviasva Clydles Mauq
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anildadtygas_ aawn. diinaulvg_ svevvinamsenmeannaniilds_ 6.7 nu._ yu 293°

o X a aa
1.2 gunmvssdygrainsiminaiuiulussuuiinea 10 wns

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) 303 314 30.00 15.8 30.2
CBER 5.4E-06 3.76-04 4.9E-04 1.5€-02 5.6E-04
LBER 1.0E-08 1.0E-08 1.0E-08 1.0€-07 1.0E-08
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32K Ext., 19/256, 256-QAM, 3/5, PP8

16K Ext., 19/128, 64-QAM, 3/5, PP2

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

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

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, PP7 FEC 3/4, PP7 FEC 4/5, PP7 FEC 5/6, PP7
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 5311
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, PPT

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

32K Ext., 1/128, 256-QAM, 5/6, PP7
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1.2 gunmvssdygrainsiminaiuiulussuuiinea 10 wns

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
/N (dB) >21.0 >21.1 >21.3 >21.4 >21.1
MER (dB) 239 23.4 23.7 237
CBER 6.7E-04 2.3E-02 2.4E-02 2.7€-02
LBER 1.0E-07 1.0E-08 1.0E-08 1.0E-08
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16K Ext., 19/128, 64-QAM, 3/5, PP2

32K Ext., 19/256, 256-QAM, 3/5, PP2

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, PP

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, PP7 FEC 3/4, PP7 FEC 4/5, PP7 FEC 5/6, PP7
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 23.6 214 234
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

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

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

o
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AMARNUIN A
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1A881999INNANITNAABIFDULUBIAY

ANNANITNAABINAADUNITEBNBINAINSIAUNANUAUIUSTUURITAAemAlUlad UHD (4K)

4 3 JULUU Y0909ANIINTEUFLIATUNI NMINANTITULUNIUTEINA (518a2188AN15NARBIUTINGANY

AARWIN 1) WU Lt viTesSunsdedy i uuinsguauaudagedis UHD (4K) laeerates

2 #99578015 #onielATIvne @1u1T0dnassons1Unveatamnanduulassvielnile 5 niuden

51982 UAMIUANTIN 12

A1519 12 MUARNN1TANESTONI1DRvaaRmanduulasave Tl

Multiplex Allocation Option 1 | Option 2 | Option 3 | Option 4 | Option 5
Number of UHD@15M Channels 1 1 - 2 -
Number of UHD@20M Channels 1 - 1 - 2
Number of UHD@30M Channels - 1 1 - -
Total Channels 2 2 2 2 2
Bandwidth allocation Bit rate (kbps)
Video Bit Rate (CBR) 35000 45000 50000 30000 40000
Audio Bit Rate (2 track @70 kbps/channel) 420 420 420 420 420
Audio Description (1 track @35 kbps/channel) 140 140 140 140 140
Others 665.5 665.5 665.5 665.5 665.5
Total Bandwidth Allocation 36175.5 46175.5 51175.5% 31175.5 41175.5

. & oA a A ) v a 2 e ) o o a ) A
WRUGLNE * Optlon 3 L'Uu(ﬂ']LaaﬂLﬂ&]qw‘lﬂaquiﬂ'{lﬂaiiﬂameaﬂ“mﬂﬁaﬂiuﬂqﬁﬂmﬁﬁﬁafﬂi’ﬁ]mm@ﬁaiy]fgqmﬂr]WLLUUﬂﬁﬂ

(Constant Bit rate) I ilasandadniannanalulad DVB-T2 fianunsnsessudnsndngsgn Useunns 50.3 Mbps Aty

p1vvziinnudululsinazanansadnassuuundsduiielilausslovian Statistical Multiplexing (StatMux)
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