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AnwuszAnsamnisdsiuuasUssdunaUssansnmuasnvisinaiuiuszuuadvagai 2
Fufuluinerdnusaduiiddiiavonuvumunssy fiunadassdndvednaiainaiiuiu
sruuAdvagud 2 luiufaidesfifiinuuiuiy vulugrugnsnisdsinuwesia uay SULUUNTS
undnsrareadu wusvezduaem taglunmaaedldlueiadinmesiuauaiuivhnmngata
wazduiinua dadulunuideulnsnsatavesditney nany. antudmadldannsveass
foantsidiuna uay ¥inaisuiisuanuduiusiasanuanei uagldfnuiwaveanisly
SNV ULHUATADLARALATY (Rotated Constellation) GsdlaifienAdefidnyiFastinnou
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e FaduosennuilnifAntulaskaildannmsissiidulunundnnimguiuasiusslo
Tuaunen
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MnwnAnuarndnmsiidunausluiverinusatud aunsoagiibudunounisinu
FuanmsfnumguiuarudnnisUseiiunansaaidonisdsiuiitiad ulunisooneinia
TnstmineiuAnluseuuAiva vullugrugeasnisdaiugeania andunanieduneunis
neansivs luduvosnisirmunmwesdynuiliutu laluedesinsesiuouaud gunsal
lannaesdde uar sULuUIMtalneBavdnmunuuinuiioonuuuld Tiaumunsauuas
Tol#a3s '3‘1/1mﬁwuﬁ‘aﬁ’uﬁ udadonidu 6 un Ao
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AU ww‘vﬁamiaaﬂmmﬂiwiﬁﬂﬁmﬂﬁuﬁuszwmwaiw 2 Guam‘wummqe] th
AIUYBIT Y YU SR mwmmaﬂwiﬁﬂﬂmﬂﬁuﬁuizwﬁ%ﬁaium 2 (DVB-T2) LUgLuun
Suimosina (Baseband Interface) 35 unluaud anarauuuluv1ana (Forward Error

Correction), TRFRAILN COFDM, Normal Carrier Mode Extended Carrier Mode g‘ULL‘U‘UﬂWima
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izwﬁ%ﬁaiuﬁ 2
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Vector Magnitude;EVM) EULLUUﬂ’]iLLWfﬂiZ%’]EJﬂﬁlu JULUUYBINTTUA Y eY10d (Reception
Mode) uuusineg ihmnevessyansnmuenisliuinsinsfminaiiufussuuadnaguil 2
flandurniagifuiiugi ua a3y
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2.1 na1d

weluladnsdsseneiniaszuulnsiiminiafiufussuuAiviagadl 2 (OVB-T2) #ildgn
tharlamaunuszuuniseanenalnsimiszuvoundeniiu s DVB-T lumeluladfigniiaun
Tne DVB Project lut 2006 9aUszasandniil o agiiuA21uq (Capacity), wagaudangu
(Flexibility) Tfuszuu DVB-T dsluniesdunsnvesinsiainiafiufuluszuuaivia (OVB-T) gn
Usgnelag ETSI Tuile EN 302 755 1ut 2009 [1].

Atsc W ISDB-T [l DTMB ] DB DB [ |

JUN 2.1 szuulnsviminlyauegnilan (4]

'
a v

DVB-T2 \Juszuumsesnainialnsviminiaiiuiulussuuadviagui 2 Ngnimuiseain

DVB-T #9n15Aniinduvadszuunsiauniaiuiulussuuadnasui 2 Julasunisuanauain

q

€

=

Higher Spectral Efficiency sielaninsaldsusisannszuvewdoniuls iielianunsadsy
f1891N52UU DVB-T wiuld Higher Spectral Efficiency e faesauan Spectrum Ay
anunsefiardsesnainmavestnstieliuinnit uie awnsafivzdtesnenasunte il
Tuamnmvesdiygunmuazifesigindt uay aunmaesiuiliusnisiidnd



wmsg gy veslnsimineiuduiignlssuegialan Ignuansliluguil 2.1 4
W1m3g1uwsn 1UunImsgu Advance Television System Committee in USA (ATSC) s?fqgﬂ“l,%a'm
aglulsvimaanigeLusni uAUIAT LA LNMALH 11M53IURBNNAR Integrated Services Digital
Broadcasting (ISDB) Fsgnilvarueglulszimadiiu varda wasnguussimasiuinil snnsguda
sy Digital Multimedia Broadcasting (DMB-T) figastauiuaglysiueyluussimaiy was
11nsgILanYefe Digital Video Broadcasting (DVB) umasgiuignlsnuegidudiumsnnlu
ANy e Useine suvaUszmelng

Tueulvvesnsian Source Coding (MPEG-4) gminalsen Sasaenglumsdsean
omeuduiiundang endredanry aunsafiavdseaneinieanais [Usunay 3o suaqlm
el 1 dfafmans luvafidinanunmuesdygaidomaznnegiuudu 3o aunsofiagds
Temane ﬁéaqé’agagmﬁaiﬂiuﬂiﬂu@z:umwLmemigmmmm%’ﬂgﬂ HD (High Definition) [2]
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Modulation E4-0AM a DT 045N
Coderate 35

v i duuu
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* %650 + 21D
*35D+3HD
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2.2 Uszananuduun

Tud p.61. 2006 DVB dndulafiazdnvmadondmiunssinsassuulnsiminafiuiu
szuURdaImsIuviegail 1 TnsdsdongunisAnwdogiadunianisin TM-T2 (Technical
Module on Next Generation DVB-T) Lt aginnlnssiainiafiufussuuainauil 2 iitol
denndasumudosnsludonduduaznelulad Tuausnvosnsirminaiufuszuuaasa
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lnglysguuatgoniady Wiesanluwlan 2 uay 3 agyinisAnwisesnisliuinisveyand
AN (Melassasiatgainialie) uay nssudyyruuuuiniown lnessuulnliaglv
AP Y I U uRg el oe 30% W awisudussuuiy aelddaulunisly

! £ dl v L4 dﬁl a aa o dl > 1
YosdyunnsviminanufussuuAdviagain 1 lvauey (6]

)

€

an19lnssieil BBC ITV Channel 4 Channel 5 laussauannassiuduniigauiiosn
YOINUARD OFCOM Useinadanguiitofl agiudeus IMuin1s Multiplexer 1 s1eludseine
Y ,, A A N a o ° Y v € o =
sengululeaussuy DVB-T2 wieflagiiiumnuFesdyaradmsulnsvindanunudagavse
HDTV {1un1en1seaneInIAanIan Uiy Tagninuinianiegiaiausni liuinisingyimd
MANURAUSZUURITATUN 2 9 Granada Tudieu w.e. U A.A. 2009 uaz OFCOM lausenelyanu

'
] a

INSVAUNANUAUSEUURIATUN 2 TuTUN 3 1. A6 2008 [6]
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23 dnvalasiluvedinsiiainiafiufussuuddnagui 2

Tusyuu DVBT wie Insvianiafiuduszuuasia fulmszﬁ%mimaaLawé’ﬁyﬁymwu
COFDM usifenun nAsuaaatady (Constellation Diagram) fdsunlaswazvengeenty
mstlasuveriowainigninulssiuie Funluefiawarnuuuluanamin (FEC) gninuuneglu
DVB-S2 1 n3iunsiia BCH fidauwonvesmsiosiuveinnain waz nswsia LDPC fidaulu
yeamstesiureiianainmssenisduaeuin (Bit Interleaving) [6]

Tassasrveansunlvveiananuuuienmt (FEQ) Mimunaenadosiulasiasasy
299 DVB-S2 5%d LDPC (Low Density Parity Check Codes) Lﬁuﬁiﬁjﬂ@?\‘uwﬂ 7.7.1960 usdosly
rddlumsUszanamalueiessudygnannn wazausolroulfidodi §ieminmalulad
InUszanmaifauum deudeasgqluliinduesd a.a, 2006 sudaieu fa T a.a 2008 3
mMsUszquinsiminaiuAuszuuAiviaudl 2 $1uau 7 ads umatetu nsussesludiou
flunen O A, 2008 einasinenaindesdunledslasunsifialag TS Juatusadle
Wweu w.a. U a.a. 2008 wazlugaluliisae ¥ a.a. 2008 Tasnstduwumnamsaniivauuas T2-
MI (T2-Modulator Interface) wlas [6]

InsiiminanuAulussuuadvasui 2 ennazanvsasunuludmsunane Useinads

q
¥

Jusgiuyuues esninsiminiafiuduluszuuddna OVB-T) Idsunsuusilulssine
wantuuds waznsdsuwdadluinsiimineiuduluszuudtnaguil 2 (OVB-T2) o1aasll
wnglursnanurdolienasensuld Tassnelnsvimimanuivlussuuddvaged 1 Tuuszne
Sanquiulasmnsusnillynudound a.a.1998 msnnselanvounaluladaninsiainnsgu
AnwAugaUni (SDTV) [2] Wginsvimiuinsgiuninuaudags (HDTV) [2] e1aiduimeuadi
wangaslumstiaueguuuvedinsiminaiuAuluszuuATviagui 2 Tulsemed nslane
pgaduiloniseanonianafiuiuudsdndyid

Tutszimnesing q 1 wosuil Fsiufiaseurquuasnisliuimsinsimimefiuaulailfidy
dumavdnunummaneTudalsiainasgiuauendngs (HDTV) [2] madiuiu wazdomang



dnsminat uivlussuuAdaguil 2 Taguiouaslifnalag luvaed lnonmdnns
anunsaifingdmiunmsiinsiminefuiussuuRitagui 2 aleew aunsouseentd
il

- iiudssnailalnsviminafiufulussuudavinegudi

- USEANSIASUIUSSUULB UL AN AU LN A

v

- UszmangasnisivssuulninluaunsalvaulalulnsieminiaiufussuuaIvia

2.3.1 AUYYDINEYEYIUEIER
1 [ g n:l' 1 = v L4 dy a aa v 1 PN a
aEJ'Nliﬂmmﬂau‘ma”ﬂanmimivmumﬂwumui”wmwaiw 2 Iuiwa A6l
maummquwgmm FoansdsdyananAiuAy a2 gniuiansanlueg1ausn Uuwumu
VYDIYDIAYYIUUVUA 8 MHzZ Wmimlﬂwanulsumﬁuammaﬂmﬂqumaﬂ INNITTUAY YU
wuunnnaeluenaisuaudanssudyaalsesfideaseniawuuateuenlaeddnvaed
YU v d{' v 6 d’lj a aa o LY X A g a 1% 1
Sinfulugelvsiirdnaiufuseuuadia snveyageaamdullalumangud] gnuanslisgie
Uszaunaun1slag Shannon-Limit #unisaun1sasae il aronsnaudugiunadn g usuniu
(Signal-to-Noise Ratio) fimUszunuTanINn11 10 dB [6]

C = BWLog, (1+SNR) (2.1)
R & (4 mmqﬁéaaéﬁyzym (Channel Capacity)
BW = wuunian (Bandwidth)
SNR = ans1diudngsodayg1aisuniu (Signal-to-Noise Ratio) (dB)

1
= v 1 LY Y

A151991 2.1 AIANINRVRIRYIMGIERTIANOR S & U AU OF YU IUTUNIN (SNR) NuAneng

Ty [6]
SNR (dB) Fegyhannel Comment
capacity(Mbit/s)
10 26.7
12 32 Poor portable indoor reception
15 40 Portable indoor reception
18 a8 Good portable indoor reception
20 53.3 Poor reception with outdoor antenna
25 66.7 Good roof antenna reception
30 80 Very good roof antenna reception




WhnevesinsviminiatuAulussuuAinagud 2 Weliussg Taguszasalvinisdia
Snrmeyaliigeanindu 30%-50% Feaunsomanirindioldsudeulaifisumindnvoya
soludlannsafiazld

nslosturefianarmiissegraforiannsovilildanuqvesdygioniiu 30% uay
AT ALY 1Y

- 16K hay 32K vum
- Extended carrier mode
- 2560Q0AM Modulation

- The rotated Q-delayed constellation diagrams
lnglussuulnsiiruineiuaulussuufdviagun 2 duduuumiaidiueunnidieiseuieu
Aulnsieinaiiuaulussuudviagai 1 dawandlilunisen 2.2

dl ! o o 6 ﬂ’/ a aa o ! dl
f1919N 2.2 mmayuaﬁaagaymﬁuaﬂmwﬂumﬂwumuizwmmaqum 2 [6]

DVB-T DVB-T2
- 1.7 MHz
2 5 MHz
6 MHz 6 MHz
7 MHz 7 MHz
8 MHz 8 MHz
- 10 MHz

24  pwswmasinsiainiaiufusuuddasud 2
stﬁﬁﬁmﬂﬁuauszwa%ﬁaﬁuﬁ 2 Suanunsodiaysossudanauian MPEG-2 ldvane
Toyaias viseduaanuauudi LUl 255 LL@%ﬁMiW%@@dﬁQﬂ%ﬂ@&hﬂﬁ@&J 30% 1{18999n113
Waunstlosuvelianan BCH way LDPC Feflmnuiunfulddunnuninud Geneva U a.o.
2007 (8, 7, 6 MHz bandwidths) Tneduuusinviifiutfiy 1.7 MHz wag 10 MHz @1snsafiagsu
Fuarauuulseifinazwuuind ouite Tm5ﬂ’ﬂ1§ﬂmﬁuﬁuiwuﬁﬁﬁa§'uﬁ 2 Julyaunis
YaRnandyarauwuu COFDM Feflounnuos FFT Inualidonlosuunnay 1K, 2K 4K, 16K
way 32K wag Guard Interval 1/4, 1/8, 1/16, 1/32, 19/256 Wag 1/128 LLﬂ%gULLUUﬂﬁﬂJ@@JLaG}
el QPSK 16 QAM 640AM uay 2560AM TaelulnsitemimeafiuAuszuuAiagud 2 duldidy
@mauﬁ’amimgmmumwmuamaLa%’u (Rotated constellation diagram) L%ﬂlﬂLﬁaLﬂu@mmw
YDIF Y QY10 wazdinsusulsaulnaen (Pilot) fvanuaneifiennuinzanveIn1s Uiy

TunsazgUiuy
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2.5  LUALUUA dumasineg (Baseband Interface)

wakuusdumeslavedinirdniai uaussuuasvalvdyagaieilduinnia 1
yeyeu IuimmumﬂwumivwmwauulmimmLﬂﬁlﬂwazyzymsuwgmw MPEG-2 iviifas
Hapasasfunislsenu Generic-Stream mwaayaymﬁmLﬁmmmsﬂﬁ%dqLﬁgwmlﬁ geanleng 255
Input Stream Iul,ﬁaﬁué’iyiymam%mdwﬁfﬁ%gﬂ Multiplexed L%ﬁﬁﬁﬁ’uﬁaammgm T2-M|
FadusmeqatuvedinsviminiafiufussuuAiva dyynanduazgnamidetulu Playout
center Wag DVB-T2 Modulator %Qﬂahaiﬁl,ﬂsmLLhwﬁqﬁ’mmmam%mmumq DVB-T2-MI Aae
v ETI andulu DAB voyaaniuil asgnioudisveyai suduismundmiuduogames
wonanidaiinisuseiunandmiunisidasiudinievisauiiies daosduaelulngiiad
mﬂﬁuﬁﬂmzwﬁ%ﬁaﬁuﬁ 219N Tnum A = Single PLP (Physical Layer Pipe) wazlviun B =
wane PLP wannzlunssl Mode A wihduiituneunisussananadiavaainduly modulator 1o
Turnuzilunsdivet Mode B Bulmasive T2-MI 98y emuaum1s19La1viuil

e e

finaausAfiavod i swestnsiminafi upuluszuuAdsiagud 2 Afuasdenis
Uszaranadyarasune lulvun B Qmmmsaﬁwmﬁ’umsL"Jﬁﬁmasmsmag]Laméfumnms
annsavilduuulaunde detrnau lulassaddnsiminatuiulussuuAtviagud 2 dalu
wsfwoinisdioravdsuutasiazoradesiinsdsdyyanuulaudia dagnszvilutes
padding vesdawiaualuus uaslinadensiuves PLP Feusenauludievoyadmiu PLP
savupvidouns PLP lulvun B aruilpnuudisnfugnadnsdussws

- HEM = High Efficiency Mode (6991%U MPEG-2 transport stream Wag GSE) way

-  NM = Normal Mode

26  msunlvveRawaauuuluansuti (Forward Error Correction)

Tudaugesmstosiureianaindiviudou ilduandlilugud 2.3 Ailugdmsvens
YDIDNINAIUF Y Y UADFYYIUTUNIU (S/N) funnduawailng shannon-Limit Inesa §as1
nsAsayAaYBNIRLALTs 30% wiuRsdululnsaiiunfiensud 2 msdestureionan
IuiwSﬁﬂﬁmﬂﬁuamwuaﬁﬁajuﬁ 2 Us¥neaume baseband scrambler, BCH-block encoder,
LDPC-block encoder uaznudae Bit Interleaver Tudruves uaguanasvedlnsiiminiaiiumu
seUUAdaTuTl 2 lassatieveaiuauuud (baseband) Usznaulusg baseband header uag
padding-block azgn scrambled w3n (baseband scrambler) uagaslugauden FEC Feazdins
\iu59%a BCH(Bose Chaudhuri Hoquenghem) Winau wazdsalusa FEC uden lngaziinisld
BCH Hududuusn ndsndunistlesturefianaiafiuiu Setuegiusnsaia (Code rate) 7
mmimﬁaﬂlﬁ%gﬂLﬁmaqiuﬁat,%ﬁﬁa LDPC (Low Density Parity Check Code) 8ns7idululs
Ao 1/2, 3/5, 2/3, 3/4, 4/5 uag 5/6
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lngdns1sa 1/2 vunefamsUesiuveianaingean uay 8ns13va 5/6 nunefanisdesiu
VORANAAFNER

Baseband BCH LDPC R Bit
scrambler encoder encoder interleaver

JUT 2.3 nseaiuverananlulnsviminaiusussuuRIviagui 2 [6]

— g <
gpfits __~ Data from MPEG-2 TS or generic data
Baseband <
o Data field
- DFL 4 tgcn=8,10,12
Padding
16™tgcy bits
< kgch _i A
Outer FEC: BCH coding
b
'BCH
[e—— K ppc = code rate * FEC frame —————» Code
Inner FEC: LDPC coding /rate
~
e |
< 64800 or 16200 bits FEC frame >

JUN 2.4 lassaravesnisdasiuveranaialulnsviminiafiuAussuuadiagui 2 (6]

annsalalassairsvosmstastutefanatauuulurnmiin (FEC) daussozdu 16K
uissvey 60K Tulnsviminianudulussuuddviaiuil 2 16 fuaedusu 2.4 mmuansdienes
A1530UYN1TYI9UMIY LDPC encoder Bit interleaver Lﬁ'm%aqﬁ’ué’mwdauﬁuwwﬁ&iaﬁmmm
suML (Carrier to Noise Ratio) fisasanisagluszdium lnssasrsosnistlasiurefnnatauuuly
11wt (FEC) wuuduonadudselomidmiveyaiiidnsmuasuuveniazfinindmivaniy
voyaiiisnigetu sasvoyaiidululdlulnsiminefuiulussuuAinaguil 2 (OVB-T2) ey
FEWIN 7.49 Mbit/s (QPSK, CR = 1/2) wag 50.32 Mbit/s (256QAM, CR = 5/6) [6]

27 COFDM
TulnsimNIANUAUIZUUARTAIUN 2 UUAINIT0TRITURULAINYIUDITRIF YN 1.7,

q

=

5,6, 7,8 uaz 10 MHz dauanslugun 2.5 wuuddavdgyaruiwiasesuavatantesiiionin
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LOUTRINUNAUUULAZAIUANVDITDS DVB-T2 Aauandlunnsna 2.2 kaziuannilaainvasniiu
(feydnwed P1) waadeariu (Guard interval) sananslugui 2.6 §adu cyclic prefix (CP) Tu DVB-

T2 tufonsvigvesdyanwaivangluanuenidenndodiu

S b=
42w
L3 B N 8

JUN 2.5 mnunTevesvesdnaalulvsiimdaaiuauss uuAIviagun 2 (6]

_"_

Af

‘“——— Channel bandwidth ———

10, 8,7, 6,5, 1.7 MHz

v

M13197 2.3 anunvesesdygalulnsiminanufuszuuaIiaiun 2 [6]

Bandwidth (MHz) ' §/ 5 6 7 8 10
Elementary period [us] 71/131 | 7/40 7/48 1/8 7/64 7/80
Signal bandwidth [MHz] 1.54 a/76 571 6.66 7.61 9.51

T =2 T

] I 1

1 1 1

} I ! #

1 1 ;’;' § 1 ’

: ML | g I qu‘: f

| ll|.! d 'l‘l'ﬁ e 1 e b l‘“\. | ‘ 1

[ orle ! e ! o ,;1"" 7

o el e 1

1 . 1 ] 1

! ! wime ” | !

I 1 i I

I I I

I I I

| | I

___ 1 A |

Symbol n / Symbol n+1

UM 2.6 dyanuaiuazysdesiululnsviminanufiussuuadviasud 2 [6]

[

Guard interval

Tnun 16K waz 32K gndawseuliiielild time overhead NiWosaduaziinlyignsinis

v [
[y |

$udaveyagadu (Overhead 6% Tulnun 32K, 25% Tulyua 8K) lasflvasmnudasasiewinfiu
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yunstlesturednsiiminmafiufussuuddve foruuiigaoglura 0224 ms uagiinuviaty
0.532 ms lulnsiteinafuAulussuuRast suﬁ 2, 32K, ¢ = 19/128 W5z ezsin9m09a3 04as
dyanaigean 160 Alawns fanandlunsedl 2.2 wwudiaidyanauey (7, 6, 5 uaz 1.7 MHz)
g dydnuaiifiannuenundsdu uagdslugyanistestuiionniudnds uazdae
anuannsnlunsinwaulaonsemani vliinsiainaiuiulussouaiiagud 2 aunso
TylAsawnenudLiies (Single Frequency Network:SEN) siauszimals Tnun 32K tfulnuaiidl
Fydnuwaifieniiaauasi Overhead tosfianluristiostu lunanfeafutushmddlunisly
\3veanuiiieadilugiian egnslsfnululvue 32k ﬁ?ul,ﬁ'aamﬂivavmwam?{uwwﬁéaa
(Sub Carrier) memmuummwmm dmsunislyauuulnsdnvidedofolnun 1K A4
syogvasadunvigoeiinie unfddydnuaiiduiiaadaedaiuindunideomngdmiunis
a¥lasanemnuiifeaiiivuinlng

M13799 2.4 vevesrnvesiululnsyiminiaiiudussuuadviagud 2 (8 MHz Channel)

Mode with Symbol g=1/ ¢=1/ | ¢=1/ | ¢g=19/ g=19/
duration [ms] 128 22 16 256 g=1/8 | 128 g=1/4
Duration
32K [ms] 0.028 | 0.112 | 0.224 0.266 0.448 | 0.532 -
(3.584ms) | Distance
[km] 8.4 33.6 67.2 79.7 134.3 | 159.5 -
Duration
16K [ms] 0.014 | 0.056 | 0.112 0.133 0.224 | 0.266 0.448
(1.792ms) | Distance
[km] 4.2 16.8 33.6 39.9 67.2 | 19.75 134.3
Duration
8K [ms] 0.007 | 0.028 | 0.061 0.067 0.112 | 0.133 0.224
(0.896ms) | Distance
[km] 2.1 8.4 16.8 19.8 33.6 39.89 67.2
Duration
4K [ms] - 0.014 | 0.031 - 0.056 - 0.112
(0.448ms) | Distance
[km] - 4.2 8.4 - 16.8 - 33.6
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AN519% 2.4 (#0)

Mode with Symbol g=1/ g=1/ | ¢=1/ | ¢=19/ g=19/
duration [ms] 128 32 16 256 g=1/8 | 128 g=1/4
Duration
2K [ms] - 0.07 | 0.016 - 0.028 - 0.056
(0.224ms) | Distance
(km] - 2.1 4.2 - 8.4 - 16.8
Duration
1K [ms] 5 - - - 0.014 - 0.028
(0.112ms) | Distance
[km] < - / - 4.2 - 8.4

2.7.1  nusrauwsiun® (Normal Carrier Mode)

Tulnsimdnian uAseuuAItasun 2 dulvunaad un1viuni (Normal Carrier
Mode) WUURAIAYYRIA ey auNgnleuaAzaRAAR IR URUUAIAYI VBN VAU AT UALSE UL
ATVREAT 1 581319 AWneSUNLYY uay IASUANYRIYBIAN A M BgRAN FETN T LAY
na e eddyaansiadnafiuAulusruURITaIUN 2 Fusendt unudesiu (Guard Band)
~ % v A o g ' Y oA = Y aAao w
FaflmuneUsEaIa 200 kHz viinvsauaudesiuiuiognatenalenini Fatnn naney
dl = o ! U dl a U U d‘ U v L%
nanrensdasiuyesdyainiieginiu duaadlusuin 2.7 vauvesdyyin OFDM fesaalena
melunautesiu anvenilivesvause n1svivgouiuve sz AaUNRgNUagany Tugy
7 2.8 @u13auand A AUIN 9N 1T B UARUNIAUINTUA L LHNAVDIVDUNN UL ULINTU by
e 1K 3gdveuiaaindiivum 32K °ua°uma'wﬁaﬂv‘iﬂﬁamawmwhﬁ%L?Julﬂléimamiﬂiamw
AdvialudenLames amﬂ,iﬂmu sJammiauamiwmulmmmmaamammmwmnm a'ﬂ,uﬂm

i
[y

due uusuausuaﬂ‘vim 32K agsndnluluun 1K ammmlﬂmﬂw 2.9 ummmammmmmamw

D

LﬁEJU\‘l’]EJﬁ’WiﬁULi’ENu ENiJﬂ’ﬁEL?N’WUW’WI‘“N’m miwwaumawamvamaa

IFFT
< bandwidth >

Center carrier

l— Signal —P
bandwidth

A1 N

Carrier# 0 Carrier# n

AN\
/1117777777

a v 1

sUTt 2.7 awnesuvesuautioatuedlvsiiminafiufussuuaiaiui 2 (6]
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Af

5U% 2.8 aunnsuves OFDM [6]

~40 d3m

50 d8m S S I S — =

-60 dBm

-70 aBm

|

=80 éB8m—+— —-ﬂ-------w-—— —— e —

-90c;$r|r—- — n . __.L -+ 44— —
‘llOﬂII?u m

-120 dEnv

-130 dEm

CF 504.0 MHz Span 1.0 MHz

UM 2.9 nsleuiiigureuresdyaailvsiiminiaiufussuuRdviasun 2 lulnus 32K uaz
1K [6]

2.7.2 Tuunveneaiuwiv (Extended Carrier Mode)

dlevnveuldmnasndess fvesdyaramados Wlnatasiinnaiiatu 39
annsolildlaelnsdiminafiuAuszuuAivasui 2 Wedlazsessuanasufiniraduinnnd
e 8K Tulnundl Fonis Inunvegadunisi vedfneduamisafiisfiudnsvoswoyamely
Syyomasinaiaimenufulussuuadviagui 2 lugufl 2.10 uas 2.1 wandiifudiawnesy
finfranilulnsiminafiuiulussuuAtvagud 2 Tulnuanduniund wisuifeudulnun
vgeaduni Insnaveanslyaulvunveendunv deualildnsmeyaiifintu 1 Mbps &
32K Normal Carrier Mode T# 8ms1voyail 35.246 Moit/s daulu 32K Tnsmuensadunisi 1o
Shs1veyail 36.140 Mbps
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-40 dBm
50 d8m

-60 ¢Bm

2A.

-70 4B —

-80 dBm

-90 ¢Bm - l

-100 d&m .‘.:1" .

110 :ﬂl’, n h %

-120 :l n

-130 ;ulz n
CF 504.0 MHz Span 1.0 MHz

'
] al

UM 2.10 Maleuiisuveuvasdyiadnsviriniaiufuszuuadvaguin 2 luluue 32K Tuua
YILAFUN FulnunRaUNIUNG [6]

&0 dBrr

120 dBm—~{——— — — - A4—

CF 500.0 MHz Span 10.0 MHz

'
] a

JUT 2.11 MaTeuiigunnsinveeudygialinsiirdnaiudussuuidvaiun 2 luluue
32K nuavenenduny v nuaaduniung (6]

2.8 suuuumsuaganuaziaudadnu
susuumsueganigniuilvululnsiiminiaiufussuuddviasun 2 uandiuly

5UT 2.12 Wudiu QAM Tnesiumisiianansadululdlulnsviminafiuiussuuaaviaguil 2 &
AasiolUil QPSK, 160AM, 64QAM Uy 256QAM



- . . . - . . .
. - . ®: 0 . . .
L . I I )
L B B BN B SN BN RN J
L I N )

U 2.12 uansgunuunsuegraniiansnsalsnuldlussuuInsviemiamaitufussouRavaguil 2
(QPSK, 16QAM, 64QAM Uag 256QAM AEaaU) [6]

wuugUmsueguaduiiunnaisarnd ldldiuntssessunislaeu Tulnsiminadufu
spUURITaTuT 2 nsuaaiadu OAM anudiduksniuaenndostunslssulussuuinga
mauRusUUATageT 1 uadlulnsirimatiufuszuuAdvaguil 2 exlieuansofiveuie
LU ADLALAALATY aansafinsgnnduvievsuls Saandliifiulusud 2.14 ewdiuvisan
Joafuiifimfunululnsiminiai udussuuaivaguil 2 dwhliazaanlunisleaiunis
571UAUYBY Symbol Length 1 FET Mode wag ifwanmiaiaidestuiliiianisanasaes
Overhead 19 upuiesiu

M13197 2.5 szezveanaulasiudmiulnsviminanusiussuuRdiaguin 2 Tu 8 MHz channel

raster [6]
Gl-Fraction

1/128 | 1/32 | 1/16 | 19/256 | 1/8 | 19/128 | 1/4
FFT T (ms) GI(us)
32k 3.584 28 112 224 266 448 532 n/a
16k 1.792 14 56 112 133 224 266 448
8k 0.869 7 28 56 66.5 112 133 224
ak 0.448 n/a 14 28 n/a 56 n/a 112
2k 0.224 n/a A 14 n/a 28 n/a 56
1k 0.112 n/a n/a 7 n/a 14 n/a 28

2.8.1  WHUATWABUAWARTLLUUUNG (Normal Constellation Diagrams)

Tunsdlues QPSK, 16QAM uay 64QAM 1y nsdiunAfiununmasuaimaLadlsl
gnuyuazmiloutuius UL uTeInIsuaganessruUInsminaf uAuszuUATTa Tudui
sAuundesuuuunisuegiand1dudl 2560aM 11310 2560AM TdTwnsdeardy
vofiawaafiAty
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2.8.2 mflenuveavaa

F1in e JUT 2,13 agdesgnimuatudifinisnanfeafandandadily
wpsgulnsviminiafiuAulussuAdnaguil 2 fuiufedfeghasuwadionda interleaver
wadAunsn (Interleaver cel) uaz 1wad LT ufie swave 115y uu Uy fuad unisd lunig
pssfuruuInsviminafufuszuuAinagad 1 dumsuudddldgmitoenumdminduneunis
N3N LAAUTNLEMEI NSt uTeRnNaIn Lay ndaanunsnadude (Bit interleaver)
ag19l5Any ﬁs‘]’qmgﬂmmﬁw A1swNsnaauLwaa (Cell interleaver), nswnsnaausian (Time
interleaver) Wag NMUWNINAFUAIILA (Frequency interleaver) 6?5&Lﬂummmwﬁﬂumiﬁmw
"ﬁqlm'mmmﬁ%gﬂﬁmaiﬂﬂﬁwmz waz WWuanmedwily L%aégﬂﬁmﬂ%mu waddaduduiu
Bewoulszneuludie anl way Q widhefiu

A cell is a mapped IQ value

n bits n=2,4,6,8
A 4
Mapping
| \ 4 VQ
2" = N constellation points
Cell N=4, 16, 64, 256

gﬂﬁ 2.13 YUppUNISRIUTLwad [6]

2.8.3 LLNumWﬂQuamaLa%"w,mumgu (Rotated Constellation Diagrams)
fnsvuLkun NAsuAMaLaT ugnianlrey YeyaiiAsavestusutses

aoualnaladuUszneulUfeesnUszneu | uay asrUszney Q veadnyan lunsdilinnsg
sumusfuansnsoftargnininlesuiefiuemnunidote voweyaiAvaiuiummosnouaina
ity uagnelinensvialdnou Sansaturmeeuamaiaduitlignuyu veyavesiums | uag Q
fignueneanaintu awnsafaglalunsdindulasgane Srsudu TunsfiRasuandifu
Usglowdiilasuanniitesle

ogdlsfnalueunduads nszvaumsomeiiufinnudugounindntos Meununm
AouaaLaTUTignYs sanUsEney Q lignadseenludindunifsaiurielinsueadifeiu
uiazgnuhananlufunnedu daanslusud 2.16 uag 2.17
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SUN
U

®
® ®
°
© o (% o
a v
®
© of| & o
° e
®

v

2.14 ununweeuaaatuTgnvyy 6]

JUN 2.15 wananisueniuluBasesening L uay Q Men1smyuLHun AR UENaaTY [6]

M990 2.6 AYUVBINTVLY [6]

ARUEIRALa T 99A1N19¥YU (degree)
QPSK 29.0
16-QAM 16.8
64-QAM 8.6
256-QAM 3.6




JUT 2.16 Msuudtavamsmuinun s UanalatuLazA1IAAE Q [6]

2.9

n bits n=2,4,6,8
Mapping
1l Q
2" = N constellation points
Cell N=4, 16, 64, 256
Rotation
i T ql I, Qdelay q
= ) v v
Cell, Celly,

Cell 4

Cell 5

Cell 6

Cell 7

14

Q3| 15 | Q4

14 | Q5

14 | Q6

JUN 2.17 MsAlad Q seninalead [6]

9n31vaya (Data Rate)

20

Tusi 2.7 uasdbiiudadaaeinnuiinvesdnsiveyaianansaluanulalulnsvieml
AARUFUlUTEUURRTIaTUN 2

A5197l 2.7 SnDngean uaznsRsaiLzthdmsy 8 MHz, 32k 1/128, PPT (310 TS 102

831) [4]
Absolute maximum bit-rate | Recommmended configuration
Frame FEC FEC
Code Frame
Modulation Bit rate | length, | blocks | Bit rate blocks
rate . . length, LF
Mbit/s | Lg per Mbit/s per
frame frame
1/2 7.49225 7.4442731
3/5 19.003747 8.9457325
2/3 | 10.01867 9.9541201
QPSK 62 52 60 50
3/4 | 11.27054 11.197922
4/5 | 12.02614 11.948651
5/6 | 1253733 12.456553




AN519% 2.7 (o) [4]
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Absolute maximum bit-rate | Recommended configuration
FEC Frame FEC
Code Frame
Bit rate blocks Bit rate | length, | blocks
rate . length, .
Modulation Mbit/s L per Mbit/s Lg per
F frame frame
4/5 12.02614 11.948651
5/6 12.53733 12.456553
1/2 15.03743 15.037432
3/5 18.07038 18.07038
2/3 20.10732 20.107323
16-OAM 60 101 60 101
3/4 22.6198 22.619802
4/5 24.13628 24.136276
5/6 25.16224 25.162236
1/2 22.51994 22.481705
3/5 | 27.06206 27.016112
64-QAM 2/3 30.11257 30.061443
46 116 60 151
3/4 33.87524 33.817724
4/5 36.1463 36.084927
64-QAM 5/6 37.68277 37.618789
172 | 30.08728 30.074863
3/5 | 18.07038 18.07038
2/3 20.10732 20.107323
256-QAM 68 229 60 202
3/4 22.6198 22.619802
4/5 20.13628 24.136276
5/6 25.16224 25.162236

Fadanalit Symbol Time fiUsylwtianniu 2-4 wih eileusunsdl 8k sheghawu 7 8
MHz channel raster 2 uaz 4 11NU89 896 us A 1,792 waz 3,584 us ANaIAU

Wanadadnual (Symbol Time) fietunnduasdunalilszansamnuematinass
(Doppler) anas viasa1nszey adunwiniely (nter Carrier) fidu ludayayias OFDM Hulvian
32k Fasjatuluimssudyyrauuuuszifivundsan msveaeuluriesl fiinisuasnaauny
uwanglilind 32k mode lzu'mmzﬁ%gaﬁmﬂ%ﬁm%’umﬂﬁu%msm%laa%’ué’m@muwmﬁauﬁ
dm¥ugu UHF vidoudius luiadesduuuunnin (nnglusaznewsneinis) ifl enudnevinass
i Senssnduiiosdosldunstusivilnun 32k mnzaudmiunislaen Ussavsnmassney
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waedazindnde 4 wirlunnslesugnu VHF @ledieufu UHF wau V way VHF wau Il daony
maulaﬁaﬂﬁﬁmsLf-ﬁ'aq%"Ué’agapaﬂmsﬁﬁﬁmﬂﬁuauizwaﬁﬁa'u;'w?i 2 wuupAeud
ALANANTENAmisEnnsimin e uvlusyuuRsTa way nsvrdnnaitunly
sUURATaTuTl 2 Ao Sudiaiiiivtures dadunanandestiu Tnely 17128, 19/256 way
19/128 daimnandululdiazlfihnnuenveswianaiunlsluruinvedassneanuiig o,
frograau Tunsieil 2.6 LLaSE‘U‘ﬁI 2.18 LLamWLﬁumqaqmmé’mwﬁm Larn1SRaATiLuzii
11190 8 MHz, 32K 1/128, PP7

60

40 3

3
|

% Y v [=e—Maximum
Recommended

Bitrate (Mbit/s)

- \

|
P.L4 T241 ‘ | | i =zt | |
12 | 315 | 2/3 | 3/4 | 4/5 [5/6 | 172 | 3/5 |23 | 3/4 | 4/5 506 |12 3/5| 23|34 | 4/5 |56 172 |3/5 | 2/3 | 3/4 [4/5| 506 |
|

| 4-QAM 16-QAM | 64-0AM 256-QAM
Constellation and code-rate

JUT 2.18 dnsUngeda wardnsidadmsunisasmitiugin alg 8 MHz Luuaian uag 32k
PP7 (320 TS 102 831) [7]

=

WITALROTVOIAYYIUN O NA 19NN 2 8813 NLAMUFURUSAUVUIAVOS FFT way

v U
a 1

OFDM Modulation #iaunsadidnswasion1sinalassiginsiminiafiuiuluszuuaidviagum 2

lanell 52921958 1WI19AA UNIY (Inter-Carrier Spacing) wasdqanwaita9i1an (Symbol

Duration)

2.10 dagrundunmidedunnsunay (Carrier-to-noise ratio; C/N)
2.10.1 a1
ATSATIAIUAR UMV A O QYIITUNIY WAASES ATUNUNILVDISTULAIDBN
91NAT A UNITTUNINAIN deyeyrausuniu (Noise) hag N155UNU (Interference) §051dU
ﬂﬁuwwﬁﬁaﬁ’m@msumugﬂlﬁgLﬁafﬁ’mumzéﬁ’waaé’iyﬁymﬁﬁmiwmu lainagidudyeu
UM warMIsUNMUMASU warludunausent msfmuashsdunaunsiseduannsun
arwdrdluduiiugudmivnunusnlasanensimimanuiulussuuidtasud 2

q
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2.10.2 ndnmsvasnsidundeandnsidrundunsidedayainsuniu

Fumeudsieluiiindnduiasgnlyauiiofosnsmuusuimunasnsaau
AAuRedyasunuitasdasluny

Funeud 1 wqﬁuuazamwmmé’amﬁLﬂmmaﬁé’iaamﬂﬁmmaa%’ué’iyiym
Wieflazivunreanianissudyaio ?famnEJ5@‘17?@mié’ué’iyapmmuﬂwaﬁ’wﬁuwé’am, WUU
wnw1n18lueIAs, WUUNANIANEUBNBIAS LA WUULAABUT way dmsusiees deazihlug
nsinun lidnazsdudnsdiuad uninedyyiasuniu dusuyesdyyiawuuladou
(Ricean Channel) #381588 (Rayleight Channel) Afleumnyay

Funeud 2 Lﬁaﬂi‘wmmsﬁaé’mmwmﬁuaaimﬂ’ﬂu‘mﬂﬁuﬁuiuizwﬁ%ﬁaﬁ;uﬁ 2
SuREULIN AL AU DI UNTEUTLATT O ﬁmmﬁmmiﬁuaﬂmmq, Nudlusnns, AUNY N
uanasuvideuuliangay wozidlelvsviminmaiiuAuluszuuadaui 2 Inuagniden ns
$1899A18NI1A AR UNA S OF Y IUTUN I Gz']guﬁjugmﬁm%’uﬁmﬁ’zyzgwmmuLmﬁLéz'?sJu
(Gaussian Channel) ausnftagwuldlusmsedt 2.9 uag gnlaunuaitugiudmiuTiiaue

Fupouit 3 ledsnadere Ui esuSumsnsaurdun iAoy msunay
dwSuresdyanauuundideuiissyligndes dmsutladenisaianieiuaie uas ilefiazdug
SN U 1N AEAZ AN TN aNTBINIASY

2.10.3 Yasmssudyauiily

gosdyyiamand nuldlunisesnenidanaiy AuusasLUUIzdaalan
Snsdmnduniredyyinsuniufiuananeiy nasliundeasnsdiuad unvided ey
sunmulfesuieiareluil

yesdrannd don vesdaanid anivuARENwzlay duaaufideanisd
AASULULLIA B2 warlidnissunau Siesuadyaiusunaunididou (Gaussian Noise)
vosduaaidutesdyaaiidosmsiesi Ngn wag ﬁﬂgﬂﬁﬁmwisgt,ﬁaaywqéqLﬂwfulﬁlﬁﬁWMWI%
Tunaufus

Yodayaallsidou isnmmmmmumﬁu fouanausedniiuundann Aifidyann
mummﬂmwumm uaz Syarodsieudntosiriity

%aaammmﬁaa wdsoanlsweil

[

GUENﬁﬂJﬂJ’]fMLiEJaLLUU stat|c ﬂﬂi‘sﬁﬂ’m%aﬂiuﬂ’ﬁ@@ﬂLLUUﬂ’]iiUﬁﬂJﬂJ’]msﬁuﬂWﬂW’]

oo
[

msﬂummma ¥N18UBNBIATS Asvesnssudyaaeidnd dyaraisulddulssneude
Fyaaiiasieuriny lmmaagagmwlmdmmmﬁﬂgIuﬂﬁﬁ]ﬂaaﬂu@mamﬂﬂmﬂmwm
aanuAuluszuuAfvaguil 2 DVB-T2 ETSI Implementation Guideline [TS 102 831, Table
39] lowedyaansdd fe 20 duanaasiou LﬁaqmﬂgﬂquﬁmﬁmmgﬂLLUU‘daﬂé’zyzym
(Channel Model) 5@1351‘7{%@5@'5%% “nsdliiffan” Wevihnseenuuudmiumsiudany i
WUUNAN LLazﬂ'gs%Qﬂlﬁi’fmuLﬁ@Lﬂ‘%@a%’uL"‘fjJuLLUUUszaT'lﬁ
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o s

Y99 Y 1aLIY A WUU slowly time varying, low Doppler frequency: channel

model Uszianilmisazgniunlyauduinfdmsunisesniuunissudyyiauuunnmg
meuanensiazkuunneluenn1s Tunsdli slow channel laianansafiasidesld wliusid
fiaTesuistsyandiia Adnaziiingdu deeglndq idestutuadond wwu 5o, fMulsl, feu
wazilepudneumansiniu Anisadunianan (Time interleaving) Tulnssiainnaiuiuly
syUURITaTUR 2 dnatiosas wu Wemuineuasitiesnin 1/interleaving time) azviilyia
é’mwﬁ’mﬂ?{uwwﬁﬁaﬁﬁyﬁymiumuqasfw,ﬁ'aLﬁsmﬁ’umi%’uﬁ’ﬁgﬁgmuwLﬂ?{auﬁﬁmmﬁlmaﬂ
Waed figeninguuuuresdygniddngniininsanlunsdiariefigndmiuniasulngied
matuAuluszUURTRIuR 2

%0345y 184t 58 8 LUU mobile, hish Doppler frequency: Qﬂisuymua"mﬁ’umi
penLUUNTSUd Y aiuuUAd oufilasluageniAuuunewen wio gunsalytiannng AI3
éf’amm'Wmﬂwmmaﬂmﬁﬂﬁmﬂﬁuﬁﬂmzwﬁ%ﬁaiuﬁ 2 ldwnngdmsunissudy oy
\AAouTl LYY N15UBALARLUY 256-QAM wae 32k dulustadflssunsesnuuuailaeianis
AMTUNITUF Y UTDY Imﬁﬁﬁmﬂﬁuﬁﬂuszwaﬁﬁaiq'u‘ﬁ" 2 WU Lite (DVB-T2-Lite)

2.10.4 amrdaunfiunvidedunusuntudmivvesdyananndideu

Fnssoludldsunmiauedmiunsusuugsiifdeniaved IEC 62216 uag
donndDIt D MUANISS TR Nordig2010

fqﬂL'%'uéfuﬁm%’uﬂ'1315%’%waahwé’mwdwﬂﬁ'umﬁ@iaé’aﬁgmwmu GVNE
\ioflaganansarunesd e nnsasHIU (transmission channel) uaglnua fe n15inue
é?;ma"suﬂﬁuwwﬁﬁaﬁwmwmaumuqmﬁwaﬁwwﬁ’uﬁaqé’ﬁgmmLmﬁL%au si’?umaumﬂiﬁ@]miwﬁ
2.9 Fagnirunanngiienisufiives ETSI [TS 102 8311 [7) ifieflazvnmusssnsiaauaaunvide
Foyoasumudmsuresdyaruuuumdidon mned 2.7 GiRuinanmssiaswenedes
peuiined Jedeslasunsunle

A19199 2.8 A1 Raw BRI IEIUATUNIABAY U 1UTUNIUGMTUTDIFYe AN dl@BY (R1NA1T N
47 Tu TS 102 831) [7]

Sasndunfunidedyymsuniy
ADUALNALATY dNI%e duduresdyanuuuindideu
QPSK 1/2 1.0
QPSK 3/5 2.2
QPSK 2/3 3.1
QPSK 3/4 4.1
QPSK a/5 a.7
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A1519% 2.8 (#0)

Sasndunfunvidedyyusuny
ADUALNALATY dNIWE duduvesdyaauuuindideu

QPSK 5/6 52
16-QAM 1/2 6.2
16-QAM 3/5 7.6
16-QAM 2/3 8.9
16-QAM 3/4 10.0
16-QAM 4/5 10.8
16-QAM 5/6 11.3
64-QAM 1/2 10.5
64-QAM 3/5 12.3
64-QAM 2/3 13.6
64-QAM 3/4 151
64-QAM 4/5 16.1
64-QAM 5/6 16.7
256-QAM 1/2 14.4
256-QAM 3/5 16.7
256-QAM 2/5 18.1
256-QAM 3/4 20.0
256-QAM 4/5 21.3
256-QAM 5/6 22.0

A=0.1dB UizmmmLﬁmLﬁmaqé’m'}dwﬂﬁuwwﬁﬁaé’i’ﬁyjapmumuﬁaﬁmsqé’mw
AnuRanaasodn (BER) = 10~ Aaqn (Quasi Error Free;QEF) flunzaululnsvieiniafiufiu
szuURRaguil 2 msed 2.7 gnnailug é’mmﬂ’;mﬁmwmmaﬁmﬁqqsﬁu Jadvilldunlunis
AU

B = msunludm3u Pilot boosting tieliaenndaatunsne 2.8 nsunludulumugiie
nslrenilnsimineiufulussuuAinasuil 2 vee ETSI wild¥untstomumadon 1 dumis
A1 Pilot Tulnsiimimaiiufulussuuddviaguil 2 gnifindu mneeuiadnsduaiuniside
Fyanusunmu diusunineveya (Data Carrier) gnanad agnalsfiniu Tulnsieminmadiufuly
syUURIVIaTUR 2 h%wugﬂiwaam (pilot pattern) waneq AiTllyau uwaz n1sunlafiuansig
fu Sdusesladmivuuusulnaeniiunndedy

C= ”Luﬂiiﬁﬂlwé’mwmuﬂ?{uwwﬁﬁiaé’igigmwmuzjigLﬁaLﬁawmmiﬂimﬁuﬂiaqé’mmm
939 n3aeasia LDPC filsiauysaluazmsliauysaidug lilvdmvosnisfiansanves back-stop
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noise Aiaglutignuandunisned 2.10 auvanildunangilenslaaulnsiiminaiufussuy
Fdvfagudl 2 uarsamienn Implement Margin (M) fikuztihainlssnuseiuiu

D = AdnsdIuAA U R ad IS UNILTLRIAYL danndBiiuTERuUYed back-stop
noise 7 -33 dBc n1savanunanlug back-stop Aiw tuner phase noise waz quantization
noise lusudasdyaueudandfivia & back-stop noise Hlsuinanmseuaiusn ludw
284 A, B, C wavaniuinisasisdeusuiuitanaswesmsnsdiunaunisedyagissuniui
\Juammun91n A" -33 dBc back-stop noise ¥84LA3 895U LM% D wileufunisanasi aas
ﬁammwmimﬁauwm YouuugUlnaen 91N PPA 1ud Pp2 vilvi C Wasuudaadingu a1
1.5 Ul 2.0 dB wavarsiilvi D iiwdudnilos

& 1

AU TURNBUNTIAENINE VRN IEIURRUN YR By 10U UN WS U s U U UL
\Weu Ao

C/Ngauss—dvb = C/N '+ D(dB) (2.2)
C/N,dvb i C/NGauss—DVB +A+B+ C(dB) (2.3)

A15799 2.9 Correction factors: B wag C nade 1 fumis [7)
wuugUlnaen PP1 | PP2 | PP3 | PP4 | PP5 | PP6 | PP7 | PP8

A = BER 10~ 7Correction 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
B = Pilot Boost

Correction 0.4 0.4 0.5 0.5 0.5 0.5 0.3 0.4
C = Real Channel
Estimation 2.0 2.0 1.5 b, 1.0 1.0 1.0 1.0

iAdossuLaniateavhanldfintvdoudniafithiaue adiitedidntos fuiaiesiud
Ffianu1ns191998Andn 05-1 dB uszuanensduluiielyauiad safuuaslnunlnssiem]
mafuiluszuuRdvasuil 2 Sanduadesuiieglufesmaainiuansnafuidinisunle
factor C flargnanaseduaenadoaiy msanansuivhlmasnisdsuuasmes D iintes 39
GREREONGRIVPRNRZR

mﬂgﬂﬁ 2.19 uanaAn D USHainsanatuesdnsarundunviredyyasuniudmsy
back-stop noise 5£AU -33 dBc Lﬁuﬁsﬁ’mLam’j733ﬁ’uﬁqasﬁ?usuaaé’mwmuﬂﬁ'uwwﬁﬁaﬁmnpm
sumu (O/N) wussdunTsuagianiias uay Sasnsiunsaiias D asdenuddnuazasis



8.00
7.00
6.00
5.00
4.00
3.00

C/N degradation (D)

2.00
1.00

0.00
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UM 2.19 NMsanasvasdnsiaundunmisedyaasunudmsuuawes D [4]

6 1

A197199 2.10 N198AAIUDIDRTIAIUAAUN R DT LY
[7]

MUSUNIUAMSULNAWBS D 911 15 019 32

dasrdaunfuwidadyaMsuNIY (dB) A1 D (dB)
15 0.07
16 0.09
17 0.11
18 0.14
19 0.18
20 0.22
21 0.28
22 0.36
23 0.46
24 0.58
25 0.75
26 0.97
27 1.26
28 1.65
29 2.20
30 3.02
31 4.33
32 6.87
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[

ANUSUA10819IUAN5197 2.10 WARIUSZANTNINVBIADATIEIUAR UN VIS DA QI USTUNIU

e
=

IngUszanadmiuresdyaanmdi@eudmsulnsiminanufussuuRAIiagui 2 1 256-QAM,
32k, GI=1/8 lunuuminviung wag PP2

A19199 2.11 QEF Y098nTndumaunidedya usuniudmsulnsiadniniiufuss uualva
U1 2 PP2 32k wuudiaviund Gl 1/8 [7]

§asndaundunvide

Gaussian raw FYYIUTUNUENTY

ADUALNALATY das1aia | value (M99 2.9) |  vasdpnaumdidou
QPSK 1/2 1.0 35
QPSK 3/5 2.2 4.7
QPSK 2/3 3.1 5.6
QPSK 3/4 4.1 6.6
QPSK a/5 a.7 7.2
QPSK 5/6 52 1.7
16-QAM V3 6.2 8.7
16-QAM 3/5 7.6 10.1
16-QAM 2/3 8.9 114
16-QAM 3/4 10.0 125
16-QAM a/5 10.8 188
16-QAM 5/6 11.3 1319
64-QAM 1/2 10.5 13.0
64-QAM 3/5 12.3 14.9
64-QAM 2/3 13.6 16.2
64-QAM 3/4 15.1 17.7
64-QAM 475 16.1 18.8
64-QAM 5/6 16.7 19.4
256-QAM 1/2 14.4 17.0
256-QAM 3/5 16.7 19.4
256-QAM 2/3 18.1 20.9
256-QAM 3/4 20.0 22.9
256-QAM a/5 213 24.4
256-QAM 5/6 22.0 25.2
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2.10.5 asndunfunvideduniusuniudmiuvesdyaauuulndsunasda
131971 2.7 Ifuansveyavesrosdyaanndidou windu delaldnd i
gosdyaadlsiTeou wio vosdynnonsod ANULANANTEIANSRIIEILARUNR oS Y AITUNIL
ﬁﬁaamafuagﬁﬁ 0.2 §1 0.5 dB WawSeuisusewinsesdyarannmdideou furesdymials
Feou war 1.0 89 3.4 dawSeuiiousewing vesdgqianndideu fuvesdyaalsdeu ns
dsduienuldlulmniiienuamuresdygradesriolmnilssduresnmauegaduiias

W3 08M3IN1505R g ANBRIIdIRdUN s ady usuNIudmSU Yoyl sileu uas

Yosdaalsdaansamualangdl

FInar19vesnId LA uINRady T UN Y (DELTA) lalanseglunsned 2.11

C/Ngice=avb = C/N'pice + D

C/N,Rice—dvb = C/NGauss—raw + DELTARice +A+B+C

C/N,Rayleigh—dvb = Cf/NGausseraw + DELTARay]eigh +A+B+C

C/Nrayleigh-avb = C/N'Rayieigh + D

A15197 2.12 AHaR199090d ey Ul By Lazresdy ansdauuy Static 197909
BOIFQYYILNE T [7]

(2.9)

(2.5)

(2.6)

(2.7)

AoudAALaTY | 9M315%d | DELTA C/Ng. (dB) DELTA €/Ngayieign (dB)
QPSK 1/2 0.2 1.0
QPSK 3/5 0.2 1.3
QPSK 2/3 0.3 1.8
QPSK 3/4 0.3 2.1
QPSK 4/5 0.3 2.4
QPSK 5/6 0.4 2.7

16-OAM 1/2 0.2 1.5
16-OAM 3/5 0.2 1.7
16-OAM 2/3 0.2 1.9
16-OAM 3/4 0.4 2.4
16-OAM 4/5 0.4 2.8
16-OAM 5/6 0.4 3.1
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AN519% 2.12 (71)

AoUALALATY | 9M315WE | DELTA C/Ngi. (dB) DELTA C/Ngayieign (dB)
64-QAM 1/2 0.3 2.0
64-QAM 3/5 0.3 2.0
64-QAM 2/3 0.3 2.1
64-QAM 3/4 0.3 2.6
64-QAM 4/5 0.5 3.1
64-QAM 5/6 0.4 3.4

256-QAM 1/2 0.4 2.4
256-QAM 3/5 0.2 2.2
256-QAM 2/3 0.3 2.3
256-QAM 3/4 0.3 2.6
256-QAM 4/5 0.4 3.0
256-QAM 5/6 0.4 3.4

7 .
211 mssudyaraulnsininanufulussuufdnagun 2

Iwiﬁﬁﬁmﬂﬁuﬁuiswa%ﬁaﬁuﬁ 2 annsnananaaleaneemakuuAnilytuses 3, 5,
7,9, 11 waz TPBS ldminaseniatiusesiugiuniud UHE 1§ argernidlysyiminiaiuiu
sruURdTasud 2 annslvauisuuuneluthurdonisuenthu

i
Y

3U# 2.20 angemadwiulnsviminiaufuszuuRTiaIun 2 YilaRafauundsan (8]
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'
a v 1A

UM 2.21 angemAlagiATessUdmTulnsiminauRusEUUATTATUN 2 Yilannniuaz
\ARauT (9]

Tnsvieninefuduszuudaviaguil 2 Mslulsemelnetu Wuszuu MPEG-a Faillngved
‘vlﬂixuuawu'ﬁa%’ué’mm'\mﬁ%Eflsgi"mﬁ"uﬂdaai"ué’ayzywm‘lﬁmﬁﬂﬁmﬂﬁuauizwﬁ%ﬁ’ai;uﬁ 2
wazmninsirdilodvesSudaaa HOMI aitlgaziinanunutags ﬁaqaﬂdwmﬂﬁgﬁm%’u
Fyaaiviin AV egeiilatuluein uas WNIFIUNITTUSAFIMN WY MPEG-4/H.264 AVC
Fadumaluladnstudailssuauiousgiaunsvats lnsarunsalinanngsqassiu 4k
UHD [3] wazunsgiuni1sUudndayainudesiuy MPEG-4/HE-AACV2 [8] AlFFun RN
AAC Profile Lag HE-AACYI g ud susenaulufreamand@iivarnuatslunisiunsia

o =

doyaaudes nelunuu luly awesle waz multichannel Nlvivesdayay1adlsgata 48 vaadyayo

=

NAUNTNE

9 Y

JUN 2.22 mmdiguiiisusenineanuandauuugawaranuaudaLuULngg U [10]
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AAC LC SBR PS

AAC Profile

High Efficiency AAC Profile
N 2 i J

High Efficiency AAC v2 Profile

Vs

J

SUT 2.23 TA5sa3nau8d MPEG-4/HE-AACV2 [11]

L% 1 o

2.12  U9n1Ua lun1599n01N1AUB NN ALAIANURUSZUUAINAIUN 2 Tu

!
Uszindlneg

desrnnsliuinislsvimdniefiufulusyuuaavagud 2 lusemalnedu og neld
nsiiuguaves dinnuAMENITINTAINISNIEIeLEE AAn1stnsyimd wagianisinsauuiay
wisnd wiFensdniuluum dvinsm nave. Saldvhnsivuemmsgiumesnumadiadmiuns
Trusnismsaimeiuiulussuudaviaiud 2 eliusssldsuuinsTnsiedildunsgiu
S fenmannane lnserdumeluladiviuasbuaslundunufioguiiuszavsam Tng
Tusmsgumsdamaind Idssyveruunmsiumedatusivesaunsaldinsunisliuing
T,Vl5ﬂ’ﬂﬂﬂ1ﬂﬁuﬁu1uswu§%ﬁai;uﬁ 2 Aluszuunsdsduaaienduauidiildusnadu
n3aly (Free to Ain aldusznialusivAaaiyiuny Laud 129 noufivay 1899 1ietudl 18
Sunen 2555 Tneiisgazidennainnsguiasil nant. ud. 4001 - 2555 [12]

2.12.1 YBAAUANIIAIUAIIND
n1stiusnisnsieiniaiuauluseuuadiaiud 2 luussmalnedy d1inau
nane. Wnvuayisenudlenuliedssnite 510 - 790 MHz laedaunineyesdysy o 8 MHz

2.12.2 YaMUUANINMUSEUUH 10N INTA
\Asesdcinginsiirtiazssuvangenadmsunislivsnisinsiminiaiuauly

'
aa v 1A

seuuAdasun 2 lulsemdlvedy desdinnadseanainia (Effective Radiated Power : ERP)

warveivundu muiivualiluunuanudingdmsuiansinsviminanuaulussuuaiva
Ui 2

2.12.3 vamuuanaunaila
wmsgrumanadadmiunisiivimsinsindaanuiulussuuadnasun 2
soululumuverinuadssiolud
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2.12.3.1 dygrauanuunuasnsiudadeyayind (Baseband Signal and
Compression)
2.12.3.1.1 nMswsadauaanm (Video Coding) Idulunnudifmun
mummgm ISO/IEC 14496-10:2012 : Information technology — coding of audio - visual
objects — Part 10 : Advanced Video Coding (MPEG 4 AVC/H.264) [13]
Hemmusliidyaanm 2 WINTFIY il
1) 1103g1uANUANTAUNR (Standard Definition — SD) @11na1u nanw.
Avualinan s miinimazBenil 720x576 WUy interlace (576i) 1]
n3uNTU (frame rate) 25 NMMWABIUIT WAz §ATIEIUAIN (aspect ratio)
16:9 oy 4:3
2) 17m531UANUANTAZ S (High Definition - HD) n1ed11inau nany. 1
MuualiauAINYInINdALazLdan 1920x1080 kU interlace (1080i)
fifSns Y (Frame rate) 25 AT ka2 Sh31dIuAMN (aspect ratio)
16:9 n3edAuazidun 1280x720 WU Progressive (720p) 7518w w5y
(frame rate) 50 AINFIDAUNT Ay DRSIEIUAMN (aspect ratio) 16:9
3) MswIsTEanandes (Audio Coding) Wuudewauides (Stereo) Ihduly
auirvualiluanassiu ISO/IEC 18496-3:2009 : Information technology
-Coding of audio - visual object - Part 3: Audio (MPEG 4 HE AACVv2) [14]

2.12.3.2 nsdenudyaIad (Transmission)
2.13.3.2.1 Tasea1ausy (Framing Structure), nstunssiaresdayayiod
(Channel Coding) uag n1suagwandayayIas (Modulation) ngditinau nang. laszuliluly
mmﬁgﬂﬁmummummgm ETSI EN 302 755 V1.3.1 (2012-04) [15]

2.12.3.2.2 luduvesmslyauungsudniunmsddasluslaseis
LuuANARe? nedtineu nans. taszylnduldaunignivualiluginsgiu ETSI TS 101
191 V1.4.1 (2004-06) [16]

2.12.3.2.3 ludiveinisussenalyssuvdsdygrunanuaulussuy
Advianunnsguluved 2.13.3.2.1 uag voll 2.13.3.2.2 Faausafiazeedaliniuenans ETSI
TS 102 831 V1.2.1 (2012-08) [7]

2.12.3.3 mMasiaRwanadnyan (Multiplexing)
2.12.3.3.1 Tur armuuadmiuroyas1aaranisliuinig (Service
Information: SI) @1tfneu name. Suldseylidulunuddmuelluinasgnu ETSIEN 300 478
V1.13.1 (2012-08) [17
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2.12.3.3.2 mi‘uizqﬂﬁ[ﬁuawuiuaiauﬁuaaﬁuafﬁ’mumﬁm%’wa%aﬁdnmimi
TAusSnseuYeN 2.13.3.3.1 @a11u150919899lem1uLenans ETSI TS 101 211 V1.11.1 (2012-04)
[18]

2.12.3.3.3 %aﬁmummiﬂizma%aaga (Data Broadcasting) e&tineu
nang. Wuldusznalidulumunivualiluunnsgiu ETSIEN 301 192 V1.4.2 (2008-04) [19]

2.12.3.3.4 miﬂszqﬂGﬂsgqm%aﬁwwumﬁm%’umsnssma%gamu{fa
2.13.3.3.3 @1115001999lauenans ETSI TR 101 202 V1.2.1 (2003-01) [20]

2.12.3.3.5 33°U°Umm%’mﬁaé’ﬁgmmﬁm%’msxLLasuua'q MPEG-2 (MPEG-
2 Transport Stream) d1ine1u nave. Usenialnduluauignimualiluginsgiu ETSITS
101 154 V1.10.1 (2011-06) [21] 53091981113091983lAAN11105571 ISO/IEC 13818-1:2007 [22]

2.12.3.3.6 lunsdinisliusmstnsiad aaf ui ulussuuidianuy
Tassvieanudies we nsdnisliu3niswuy Multiple PLP (Multiple Physical Layer Pipe)
n1ssiesunuaunsaluagiandyaia (Modulator Interface T2-IM) diina1u nanw. lassulv
ulanudirua i lusnmsgiu ETSITS 102 773 V1.3.1 (2012-01) [23]

2.12.3.4 n1sUsuyswanduasliidutdagiu (System Software Update:
Ssu)
o muadiniunsusuUsenduasldutiagiu dadne nane. 16
Usgmalndulumaiignimualilusnmsgiu ETSI 102 006 V1.3.2 (2008-07): [24]

2.12.3.5 A1UssenelanIn (Subtitling)
TudruvesvaninuadiniuszuuAIusonelan 1wl y n1saineu
navw. usemealidulumufignimvualiluuinsgau ETSI EN 300 743 V1.4.1 (2011-10) [25]

2.12.3.6 15113570 (Measurement)
F3sIndanamionsvedeunvesdyaanalnsirinaiuivly
sTUURITATUR 2 viewsdimesdus vesnsliuinsannsadnedaldmuienans ETSI TR 101
290 V1.2.1 (2001-05): Digital Video Broadcasting (DVB); Measurement Guidelines for DVB

system Wag 18n@1s DVB Document A14-2 (July 2012) [4]
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213 wmsgrun1siuinisfigniney nany fvun

TunsliuimssenenmalnsitaimatiufuszuuAdvaguil 2 lulsumalneduaganels
nseuRuifuguaresdina nanv. lnsfinsimunaisnsidmadumsidedayyiasuniy
#odlaifndn 15.17 dB AdmsiAnmRanaIavesnsagian vuaanildesioslininga 33 dB m
anuiinnainvesdnudanisunta LDPC (LBER) ligendn 1077 Inedamisndnedilaluns
dsoonornasauanslumsnsdi

A1519% 2.13 1518w esnivlunisdaeanainie [27-28]

W13na3 ANV TTLADS
FFT size 16k extended
Guard Interval 19/128
Modulation 64QAM
Code Rate 5-Mar
Pilot Pattern PP2
Rotated Constellation Off MUX 1(NBT), 2(ARMY1), 4(TPBS), 5(ARMY2)
Rotated Constellation On MUX 3(MCQT)
WALas AvBeNNSTimes
Physical Layer Pipe (PLP) Single
L1-Post Constellation BPSK
T2 Frame per Super Frame 2
Data Symbol per T2 Frame 84 symbol/T2 frame
Max FEC block per Interleaving Frame 99 block
Time Interleaving Block per Interleaving
D orac 2 block
ﬂ’J’]@JQ\‘iﬁ’]EJ@’]ﬂ’]ﬁLﬂ%@\‘id\‘i 328 LUNT
ﬂ’J’]@JEﬁQﬁ’]EJ@’]ﬂ’]ﬁLﬂ%I@\‘i%JU 6 LUNT
mmﬁ 514,594, 626, 658 Way 722 MHz
nafldnnIsUsumsines
magsiesiandnagagn 21.86 Mbps
Time Interleaving Depth 87.58 msec
C/N Fixed Rooftop 15.17 dB
C/N Portable Indoor 16.91 dB
58883\‘13@%6\‘1Lﬁ?é‘iﬂiuﬂiﬂjﬂ’ﬁﬁﬂﬂix‘i"dqﬂ
v 79.74 km

ALDLAE
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2.14 @3y
TuunildnanaseifanudunveunalulaginsiminiaiuAussuuAdvasui 2

[
a

mmammuﬁqﬂwﬁ’u ﬂmamﬁ’auavmsfﬁ’mumm'ﬂ%mu AauURsuvadnsimln AN uRuTEUY
Aaviasud 2 lumsaenendyananinuazideslaensy mumSmma%ﬂ%mmw&iaqawwm
ey szjaq1/1ﬂ,‘wmmﬁmaﬁmwmﬂmmﬁlmmmfm 1 s1ensnely 1 vesdayeyias vihlid
¥0951607157 meumml,avwmﬂwma wﬂwswmsuulmwamamamsmmmsﬂiviwumﬂmu
LarUsNIINAMUALIABTANN NN miaaﬂa1ﬂMT,‘V]smumﬂwuﬂuszwmwagw 2§49
aunsndweyadun lwu Mimenisuardussets uilunanfetuldsnge doldumeluladi
iudneanuazannmlunsiuinsedauiais uay é’qmmm%’ué’agagﬂmlﬁﬁgﬁugﬂu:uumi

Sudye iUz uumnasnn MITudaaLuunnm war nssudygauuuaiunluvazeguy

7]

aa o

safif&sndauiiladndae e ndyyalnsiminaiufuszuuAitasui 2 anuaamuse

e

a

! Q.nll ¥ 0 } 4 g %4 CY 6
A95UNUNIN m‘wmﬁL‘f]uammmgLﬁaqmwminMimﬁumﬂwumﬂuiuwmwazu‘m 2
FTIVIVDMNUAAN ¥ VDAL NEAN.
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AMANUAUSTUUAINATUN 2
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3.1 Aaan
luhgtunespiunseenomealnsiiminiatiudulignimualdiduszuuaiviagui 2

Y
a v A

Fadunilsluszuunsdsesnemalnsvimimanuiussuuadviaiduiiden Jegnlvauegilan

Lﬁ'a‘mmmewﬂmﬁﬂﬁmﬂﬁ'uﬁuizuuLﬁu (hauzann) AtuI AU T usg 198 Azd0q
‘wmsmmﬂmmwmaamiaamumawaaammm ANUAANAINVBINITUBALAN §NTIATUHANAN
20307 AIANNAANAIAYEIINADS T98 g T utaden v liAanisaesas VBIAUNN

aaumunaﬂ,‘m‘wﬂumﬂwumusuuumwaiw 2

q

T Rx
PRI
Pt PI‘
FEC
DVB-T2
—s MOD J » | LDPC BCH |—
('t GT‘ Analyzer
. d e [+ bBER  LBER

-+ MER

= Received Power

-+ Error Vector Magnitude

sUN 3.1 vdenlaezunsuveansiAsIed sy DVB-T2

32 Yesdannnsaesiny

JioflaziUTouiieunarinse i nanURANFIY S99 HANITAANBUINNITATITA
waz n1aduIn lasgasnisasdiuveswia (Friis Transmission Formula) @egnla1ung i
LWTUAIY Lhay mmaaﬁ'%ﬁwmﬂizqaﬁ%iumaﬁwmm N155UFYQUIULUYU Line of Sight
FEWIN @NWDINANAG LAY @1891N1FNIATY

Grris () = 13 = Ge(NG(NG () (3.1
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1 2
G(H = () (3.2)
1 2
R(H) =P () GHG(F) (3.3)
Tnedi Grriis (F) AD DNTIVYIUNTAUTOINTE
P.(f) Ao ANSIVDIFYQYIUAIUTY
P.(f) D MAIvDIdEYIUATUES
Ge(f) fio Snsmvenevesvesdygialueiniaing
G.(f) AD DRI1V818VENEDINIARLSU
G(f) D BRTIVLLUBIANYDINAN UGN
A fio AnAnueTIRAY
d D TEUTYNTTNINAIARILAZNIASY

LAZELNTMWIAIIAANNEIAAULARINALNTT 3.4

A= (3.4)

10

1989 c Ao Aasauas (3x108m/s)
f A AL (Hz)

3.3 9RTIAURANAINUDIUN (DBER)
lunsianunmeesdygalnsiminiaNuAuszuUAIasun 2 dunisifinesngn
Wlelunisiinaunmuesdgyaiaesdyain fe snsinuianatnvesds Jadudnsidiu

o
Y

vosduudniianalnseduutafignasianun laedingw pave. Faduniieaunmiu

'
aa o a

auan1sliuinsnsfiedaaiufussuuRdiaui 2 lulsemelng dag vieam DVB laivun

q

dns1ANURANAINY90RNowW LDPC 1A% 1077 [26]
Error Bit

010101 010001

Transmitter Receiver

E‘Uﬁ 3.2 ‘Uﬁaﬂlﬂa%uﬂiiﬂ LEAINITRTITAAN bBER, LBER

I‘m5ﬁﬁﬁﬂ1ﬂﬁuﬁu1uizuuﬁﬁﬁa§uﬁ 2 lalweunnsinsia LDPC (Low-Density Parity-
Checked) 921170 BCH (Bose — Chaudhuri - Hocquengham) titetlasiudeygiasuniu dslian
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auudanssves dyaranadugs lufeulvnsdedyanauuuding Usglonllusudug fe i
Uszansnm vaemsunlvveRanatnwuuluvnamii (FEC - Forward Error Correction) & sl
mmqﬁaaé’mﬁymﬁuﬁu Tun1snsiadn é’zy,ﬁy,mﬂ%gaﬁ 590lUG9n1531A5 129 bBER Fadusng
AnuRanaIndinneu LDPC annwvosdnjgal ﬁlﬁ%’ugﬂ%’ﬁ’mlﬂﬁ M3ms19InA1Yes bBER

(number of error bits)
(total number of bits)

(3.5)

BERdUb =

3.4 dnsrdumaUNIRRRYIATUNIU (C/N)

mdnTamAALNYiRedsy Yo HutduanuanszauvodyyInd ‘ﬁlé’%m‘ﬁsmﬁ’u

dyeuadsunau szmmumsamaﬂﬁﬂumimmﬂmmmammmmwlmwmﬂsulm way finnadu
o mﬁuumﬁuaﬁvmuammmmlmuLwaiwmu mmmmﬁummm%mmﬂiﬁumﬂm yulnsied

[
=1

AAituRLsEUURIaTuR 2 [4]

C/N,Rice—dvb = c/NGauss—raw + DeltaRice +A+B+C (36)
C/NRice—dvb = C/N,Rice PP (3-7)
Tnefi A Ao 0.1 dB WuaUszanamesasnsIaIuaaunvisedu s UnIuiLAY

A

Vi 971 9¢ 1 U5 AIATIUA AL & BER=1077 #&931n LDPC 4 a1 uai

wigay Tulnsviminianupussuualniasun 2 1 PP2 = 0.1 dB
B fio msunludmsuen pilot boosting \iolraenndasfusumenislae
Immumﬂwumusvwmwaiw 2 989 ETSI (implementation guideline)
[6] ‘1/1 PP2 = 0.4 dB

C Ao ATUTEINAAIYRIAY QMM LN NSl Uil aNuAulY
SYUURRATIAN 2 194 ETSI (implementation guideline) [6] 91 PP2 = 2.0 dB

<

D A9 N1TLEDNAANYVDIDNTIEIUARUNIADA QY QY IUTUNIUANLUINIINT

TysulnsvimineiufulussuuAdviagui 2 veq ETS)
]

(implementation guideline) [4
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6 1

A19199 3.1 wilAwes D N1sldouaaIsveIsnIIdIuAaUNIiRady1uTUNIU [4]

C/N (dB) D (dB)
15 0.07
16 0.09
17 0.11
18 0.14
19 0.18
20 0.22
21 0.28
22 0.36
23 0.46
24 0.58
25 0.75
26 0.97
27 1.26
28 1.65
28 2.20
30 3.02
31 4.33
32 6.87

A15ATUANANSAIIAILUAG UN iR DR RIS UN Y AMSUNIENEIN1TUENLANTBY
Useinelng fanvadu 14.9 dB wag 15.2 dB dmsuvesdmarnuuuindidounarlsidou
muau lngdenndesiusziumasgunsirusmsnisnianuianaiadednimgailivihlviae
Arufianan (Quasi Error Free; QEF) figrlssudwisussuulnsviminiefiufuszuuddvagui
2

3.5  3nsIANURANAINYBINTTHBALANA (Modulation Error Ratio;MER)

INIAIUANURANAIAYDINTUOALAR Qﬂiﬁgmuﬁm%’umsﬁszLﬁuﬁszﬁm%mwmaqmima
auandyaainsimimeiufussuuaiviaiuil 2 Tnssuuuunisuegaedynadlenuie QAM
(Quadrature Amplitude Modulation) siuvtisvesmeuaimadugniinaladmiumsiiasizsian
ArailsuvasnonUdganasa Tnsdrtinau nany. ldfmunaimuianaingeamssegian
umsgIuiiaiesdal i 33 dB [26]
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(@) (b)
UM 3.3 (@Quaninguresdydnuaivuiiunnasudramdunilaanuianaings (buaningy
VOIS NBUULNUNINAD UARALATUTTAANURANAIAGT [26]

i
P

nauvasdydnvalvalngfuandtiiuluzun 3.3 niueele (a) Fiuinngnsn
ANUAANAINYBINTUBALAA (MER) SiAF1 vsedmaaRaiieugs iay Ui 3.3 n1eeui
(b) maLLamTwmumﬂamaqamaﬂwmwmaﬂ mlifimammmmmm‘wmmaqmsmamLammmam

p=~1

mmmwm‘waum mmmmamﬂuaumﬂmmu

2}\‘=1([.2+Q.2)
MER 4, = 10log ————~ (3.8)
b T O S (o)
139
1;,Q; AD FURUIANR | LAy Qiuammm
81,8Q Ao Auvdsiin | way Q ARawaln
N fo Fruaugavona

3.6 YUINANURANAIAVDWINADS (EVM)

YUIRANLRANEINYBINANDS Ao N1TinA1ANLALSIve sdtydnwaligndsesnanann
w3 sds meluununmaguamaiady wasddowlame fddgilelunsUssdugunimeesnis
uogianvasdyyralnsiminiaiufussuuAinagui 2 fenisueganuuy QAM uay 1un
anuRanaIaveannesiu anduitianisdeugunmysstumisinnesuy wunmasua
Lmam%’uawiwﬁmmmluqmmﬁLLazﬁ’zyzymﬁmmm%’ulﬁﬁwmﬂmmﬁﬂwmmmnmma%
gnimundusnsduesuuniyavesnnmeiiiaiiieu uasvuinvesanmeslugwiuuengs
vosnsuanaaty wandiiuluzudl 3.4 wasdimioduofifud o OFDM 640AM grlesny
dmsunisesnennialnaviminiafiufuszuuAiviagui 2 Tulsanalne uinauianainves
nwesiduiinsfogniuniinnsanieduedosdolunisussiuussansnmesnsliuims
(4]
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EVMgMms

EVM(%)DVB = ( SMAX

) 100% (3.9)

5 21 (317 007 )0

2
SMAX

We  Swax A0 wauUdnasanvesiuvsneuawaatuluanuai

Y Y 9

J-TH Received Symbol
8Q;

Error Vector

Idea Symbol
ol;
Qj

JUN 3.4 UARIUVIAYRIINAD TARALNEY
1 dl
3.7 qURUUNITUNINIZANYARU
Tunsunsnszaneadulaenaluseninnedaznasu awnsawttoandu 3 Uuuuld
aeil Wngludnenfinusilaviinisdinwiuasnaaedlagluguuuun1sunsnseateniuwuy Line of
Sight [27]

3.7.1 Line of Sight (LOS)
TuNSUNTNIEAG ULUY Line of Sight Wi 5891919 @eenAnAd s way
aen1AnIAsy aunsofiey Sudaiulfnselagldfidinunauarluitui Fresnel laifdsinuns
Freuiu2T]

3.7.2 Non Line of Sight (NLOS)

TunITUNTNILR18AA ULUY Non Line of Sisht 1 @18e1n1An1Ad s way
a1891N1ANASY lmmmsm/lﬂvaﬂmﬂulmﬂmaumq awwmmﬂLﬂsaqamqmuaﬂaﬁﬂ LAy
lmuwaﬂsmwmmamq U N15EETTOU, NTWANNTZAE NeUdy I TnIASy way i
Fresnel Qﬂmmmu‘ww [27]
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3.7.3 Near Line of Sight (nLOS)
Tun1sunsnszanerauLuy Near Line of Sight nsdiduandliidiudsaanunised
597714 LOS wag NLOS lneseninsange1ndluninsuuagalgenanaasainsafingtosiiuds
fuwaziu us vieandluiui Fresnel gNNAYINY Fuanafinnaniedosddliunsnszaneniunis
deavunaraseuiunaisndin lunaedureseimauariings [27]

Reflecting
Building

-
-~
~~~~‘
e

Reflected

JU# 3.5 nsunsnszaneaduluzuuuusig o [38]

38 sUnuuvasMIRaIsandygIaisuld

ﬁéawwaiuﬂﬂs§uﬁ@mwmﬁwuluizuuﬂizmamwuamﬁmmﬂﬁuau AUITARUILENAY
Uszinldl 3 Useuan Fausiaruseinnagdandnsaiundunvinedaaiasuniu (Carrier to Noise
Ratio) fiusnsiariueenly

3.8.1 N15NITUNVBIF NN LU

v v
'
U =

Yastilanwuz JudFuanauNde 115 TULNEI9819L A8 AsUIIFRINNITTUNIUTD

A
[

gosdnyaa Ditewsinddourntuduremnnssudygrundanudesnisdosiian uazin
gt Uuveyadesdavingu ldlslunsujiivielunisaunulasawie

3.8.2 msiasYesdyulateu
yosdyaadladeudngnlelunisnnaununissu
Hoy 18NN INTRIF YY1 ALTIUIINLATONAS UaZHUUINTDS

[
LY

YIUUTUAIAN191A5 ]
QIEERoUTUIALAN

e We

o

3.8.3  NITNIITUNYDIFYYIUNIINITLABLTTA
wosdeygransdadlngledmiunisiudyrunarauadlusulaziuunnn lng

nssudygradluresdygind asdiisundygruge oty wasliddyyruaniaiosds
JEREEEIGH
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F24

3.9 WhvunevesszanSveansliusmsinsiminnaiuAuluszuuddaguil 2
TunsliusnsinsieminefiuiuluszuuAdvagui 2 du lddnshvuaaunnsgiu
A nvosdynuiieanaina Tagdrtine nanv. Ingldfvuaszduanasgrunslviuinngd
Sasanuiianainvesinangn 7livivliiAaruiianain demnefs anuianainvesintdes
nmilendaronilsialumteiinfinnaiadntiesnit 1 x 1077 ANSRTIAILAR N YR o F TRy 16
sundlsisnnin 15.17 dB wagdnsmnuAanainvesnsueganudsieisdsdiosliininiy 33 dB
310 nduaruinasduiiugiu
dmsunmanesindgaalnsiminiadufnssvuAivasud 2 luewided T

T Y
[

NTUIMEdANarNeNIAANLIE DY FaudumNlansdalanialunisiAnANTInAUAINYD

q
|
=

”ﬁyﬁymﬂ,mﬁﬁﬁmﬂﬁuﬁuizuuﬁ%ﬁaiuﬁ 2 Aaillemaiind ulfunesiiioda Saunude
foydnual P Aeamuaziu teelduladuilnduiuguaositandussil 132)
3.10.1 flendunisuanuasaanusirazduy (Probability density function; PDF)
silyaaﬂaLs‘z‘mf?hLamﬁlﬁmﬂmiwmaaﬁﬁaiﬂuﬁmﬂiajm Faannsameaaaniag

Wuvasdauusdula nsununinuunazdunie P(X=x) Failnuauifaiuiiazsdufe
0<PX=x)<1

3.10.2 ﬁaf{w}"ummanLL'«wau'szﬁuLLU‘uazau (Cumulative distribution
function; CDF)
shulsdu X Fuduasoidesieliseiies i F(x) Aeflandunninioduava
YoIMUTAN X wdd F(x) = P(X < x) waglunsdifi X Lﬁué’umsajmwulm%aLﬁaQﬁ?u F(x) =
Y. £ () waghunsdifi X Lﬁuﬁmmiejml,wﬁal,ﬁaa F(x)= [T f(x)dx

311 &g

Tuunillfnaads ndnnis uae wqwj fnun@nviinsIginNEN YILLAY AN MYBY
i‘vuuimwmmﬂwumuiuivwmwaiw 2 filsuinslulsymalue imwvmuljawawaﬂmi
yaiaithindnnaiay AsAMaNARUN IRy ATUNIY mummmmmmwmwmmaa
nNAasiae Fanmiivefinandannsofanduiiinauninvesnsliuinsld e
Aaunmvadyay s lulusunan
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LUUANADILASTUNDUNISNNADIIY

4.1  namidn

Iuwﬁfazﬂa'nﬁqmsa"waawaqmsi’mé’@mm‘lwsﬁﬂﬁmﬂﬁuauizwa%ﬁaﬁuﬁ 2 Tunns
naaesdadunmmaasafieAnwiaudnuay warUsedulszansam vaanslruinnsingviemd
mﬂﬁuauizwa%ﬁaéuﬁ 2 FelumsnsaTndyaalundilldivaremhenuiiiesve el
dusnlumansainaiaaunde wu viaeaun waz nanv. 1Judu Jsguuuunsmaasiuas
FWoawsauanslifudenlnazunsy sUi 4.1

([ - & ‘ )
AnfRUnsriuAY
A8RINA
\ J
\ 4
- & - -
VINSAIALATENND
an DVB-T2
Analyzer ([ AuumAIrAnIIn )
= ﬁ'm%'uuuﬁyus‘lu!mmi
k ) | Asiwyana P.(f) )
-
il wEauiau
[ \ 2 (| . o ay o
L Ananluldsunsu ] TR TR T TR 1]
AAUATNARDY > -
Matlab J anmaniasin B.(f)
\ v \, 7

A\ 4

f 3
L C/N, bBER, MER, HANNSIAUAZILATIEN
/ EVM J

v

JUT 4.1 JULUUNINARBILAYIRY

a2 gunaaiiilalunisvnaes
4.2.1 #@gIMA
RANTUIENLOINIAT MUTANRUNITAaBIRaLNITA I T A ey e ns e
aefludy ssuuAaguil 2 wandluguil 4.4 8%e Samart §u D15E LduagenimeiA 15
09AUsENDU d101905095UANA T 470 - 862 MHZ § T uasaaudiiloarulngsien
meuRusTUURITaTWT 2 uandumeemesinfndauundinneueneians Senses 11
dBd umsendvateindygyiunaue1 10 wag am&’jﬁwm{?}gﬁﬁamﬂmﬂ%’mzﬁummqalﬁ
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B

JUN 4.2 angomanlydmsunisnaaesin [36]

a a s = yo L %
A15199 4.1 11585 VRIE18B1N AN LTEMSUNAaRYIR

29AUsENOU (Element)

15

LaUAND (Reception Range)

UHF 470-862 MHz

aalngvia (Chanel) CH. 21-69
991519818 (Gain) 11 dB
ANUNTIveIAAUANEYINT (Bearmwidth Horizontal Degree) a5
dns1dveenas (Front to Back Ratio) > 20 dB
Snsndupduda (VSWR) <15:1
A118V0IYA (Boomn Dimension) 123 cm.
i’a@ (Boom Material) Aluminum
Bufiuaut (Impedance) 75 Ohm

a4 a ¢ P o ¢ A a aa ol A
4.2.2 Lﬂ'iEN'JLﬂ'i']3WLLﬂUﬂ'J']3JﬂIV|§'V|ﬂUﬂ']ﬂWUﬂu53UUﬂQV]ﬁ§um 2

Tun1sAnemeassluassilanansuinIsluAseddiesIzikauAud (Spectrum
p

a v ] A a ¢ a s 1 : o a a o !
Analyzer) 8110 Rover Eu HD Pro FWBILATIEVNITIULADINNE LYU BAITAIUNANAINUANINDU

La¥1ae LDPC, Noise Margin, 8n31AMMKANAIAURIN1SUDRLARN, DRI A IUF Y UADH Y10

SUNU LagdnTd@IuAdUNRadIasUNIL LudU
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EURGPE | DIGITAL |

). p: 76 B

JUT 4.3 1ATRALATIZUAUANNA [37]

43  TupEUNISIY

TunsAnwuasamadalalaniesinsziuauauddmsulasaneinsiminiaiuiu
ivuuﬁ%ﬁaéuﬁ 2 dmsunisiaTz laglunsfinemaaoinaznsiain lﬁl,%amiaaﬂﬂsaiﬁisgiu
mimiammmiﬂ‘w 4.2 Tngnshnsaagemiafirmaieafidensvensvesaieenia 11 did o
wmmaqmﬂsmuwu 6 w3 Inefiguuuumssudyaandunssuiuulssimeuonoians 131
fin1sadoud Immmazgzgwm’lummq Line of Sight 521119@1891A1FN AR ILATAIHDINA
Masu dsunmndainande o lnemsaafndnyaia 20 qmiuﬁuﬁﬂqamwwmmﬁagﬂﬁ 4.5
Fslfaguainiiuszaunnzsiaudningy nany ddluusazgansiaiaaensining, 2 ads iiteth
ARk T aadn %’EL{“Ju%%mwmﬁméﬁyzgmiwiﬁﬂﬁmﬂﬁuﬁuizwﬁ%ﬁaqﬂﬁ 2 ﬁgﬂ
mMuualagdingIu nans.

328m

Rx
o

T g

] pe=

DVB-T2 Analyzer

d(m)

UM 4.4 nsiwseugunsalnsin
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JUT1 4.5 suvanivunn1sin 20 dunddluiiuinsamamiuas

44 wndwedilylunisnaaes
Wﬁﬁﬁma%ﬁﬁwﬁ’mﬁm%’uﬂ'mnﬂaaqs?faaamé’aqﬁuegaﬁmumﬁﬁmii’maq d11nau
NEANY. ﬁlﬁﬁmumwwmﬁma%ﬁm%’uﬂ155@5@@1&41%iﬁﬂﬁmﬂﬁuﬁuizwﬁ%ﬁaiuﬁ 2 Tudszina
nglinauanslunissd 4.2 Tasinuslvimiugsaiseiniainesddegfissiuainugs 328 s
LLazmmqqmamﬂmm'%"aaaeﬁszﬁummqa 6 LUAT MAINAI 514, 594, 626, 658 UaY 722
MHz Fadurasiasians nsuUssauduius, inu 5 1asesdsi 1, oaun, Inefidiod uaz nnu. 5

= ;oA o w
LATBIEANN 2 mNUaInU

A1519% 4.2 W1sAwesniulunsnaaes [27-28]

W1580Ln05 AU TLAS
ANESENRINALAT DA 328 L1UnS
ANEIENDINALAT DAY 6 RS

AU 514, 594, 626, 658 uaz 722 MHz

4.5  MAsdevaanIasHs
Wesnnludsemelnedlvivinislassnensiminafiviussuuadiasui 2 deg 4 51e

9

'
U =

uay 5 1Asedds MasdsvanIsdilun1snsindyginluaseliazinndeaiu Flsieazidenn
MITNT 4.2
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A1519% 4.3 NMa9dIYeAT9ET [27-28]

Operator Frequency (MHz) Channel | Power Output (kW)
NBT 514 26 a4
ARMY1 594 36 4.3
MCOT 626 40 a4
TPBS 658 a4 3.91
ARMY2 122 52 4.3
4.6 d3U

o aa v 1

qumﬁlﬁﬂdﬁaﬁa%umauiuﬂﬁmaﬁﬂamiymimﬁﬂﬁmﬂ‘ﬁuaﬂuizwmmaqu‘ﬁ' 2 lu
anmzndeuuuuieniiies fivssneuludeingadudiumsnn wuililn uay Aufiviudos Tns
finsivungansaaiadiuau 20 ansIain Tnsudazanagasiaindwdudauau 2 afs waslhufin
wasnusuiothu g iaaandnulayRansuTian Taglunsaseiameauuiulales
wwdosiiansilasmelnsainmefiufussuuddtasud 2 Gugunsavdnlunisiniiolinsied
MHansENUAneg TAnenaanzwanaeluiuiidieg lnsludisennauuueni 15 swndsznaui
annsofeuauadrLBluT 470 - 862 MHz SadumsnnudiflaanuinsiminiafiuAuszuy
Aaviasuil 2 Inefindsatsoinania¥ufinugs 6 wWns wag asananIndissiuaugs 328
was widleseduimea nglaiienis Line of Sight Wuiiemislunissudyana Janearganne
masuiuiiansuiianiidststiogiiotnnslunen 2 lnevesafinrataldasgninluieseviuay

uannatundwesiiyue e Tuunasly
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51  unih
Tuuniiagnaifwan1singeiveyavesvedyqyin 1 lasuainnisinlaeuansly

A}

wsimoderalul ANULANAITEINANALLS S afildTunn1snsTnnmaunly
femaduaon anasesdanduaiecsu uay ATilEaINMIAILIN, YReIRANAIRTINDY
LDPC A1 Noise Margin, FRINANURANAIAYBINITUDALAR ANSRITIEIUAR LN A B d ey
FUNIU TUIAANRANAIAVDIINLADS LLazwaé’wésuaamﬂ%&mﬁq5%’um15m¢quuwumwmuaLma

AU

5.2  Nan1Innaasllguazuszbiuna
mﬂﬂﬁmaaqmimaﬁﬂuﬁuﬁﬂqamwwmﬂi nadilFarnnsnsInTaUseneusie wa
Guaqmim'%smL‘ﬁsmmmLmﬁ’mmmﬁmmi’mﬁuauwaﬁlﬁmﬂmiﬁﬂmm ANNTNYDIF Y BULAE
f9sanASsIATINRANAIN Y T ANBUNISIA LY LLaUmWﬁmLmaiwmamaﬂmmwmaaammm
Fasoluil VUIAATIHURANAINVDINITUDALAR Lar8RIIAIUAAUN RO IS UNIY Fa9zdINg
ﬂsz‘wuﬂuqmmwsuaaazyiymﬂm5Wiumﬂwuﬂu1uswumwa§um 2 uag lANeNsaferuInAIu
HANAIATDINIADS %‘"qﬁmmﬁﬁ@LLazvﬂuﬁa%’aﬁﬁﬂﬁ@mmwmmﬁag@mLﬁmsﬁw’%aammlﬁ

521 wavasmaFsuisuanuussdyanuszuitawansialduazaaiildainnng

AU

nsnrininneaunuiseldvhnsianeldlassauiifen Tumnea
el Lwiazagmmaﬁmﬁgu IgvinnsTadyaaiinnanes esdafendy naresnisussuifisuany
L59v8d AN IfNIINN15RTI TR war saildinainnismuia guandlugud 5.1 wandls
Widn i 5 ndesddnsiminafiuAulussuuRivagui 2 Seuszneudie nsuUszeduius
(NBT) 8918107171 A28 514 MHz, 1nu5-1 (ARMY1) 98n@1n1Afi A21uA 594 MHz, aaum.
(MCOT) anenniaiinud 626 MHz, Ingiidiea (TPBS) eone1n A 658 MHz uay iy
5-2 (ARMY2) 88n91n1A7i A213A 722 MHz Wansliisiuin ninszeenieszninaind osdauay
3 esduiindy avdanalyl arunssvesdyginanas szeglunmaaouniail geaneyd 45
Alawnsaniedosdsnasidunuldugnuand idududss lunsnmatnneauiuaded fanis
sevhaedesds uaziedesiuluniinseiuiduaen shldununliuazeglndtunadiliainnnsg
Auan v9ganTainfiszesvinssgninaaiesduasinieadulag Uszunm 20 Alawns AnAdny
Lmé’zgzmmﬁ%’ulﬁmﬂmimaﬁmaﬂﬂﬁlﬁmﬁummﬁmﬂmiﬁﬁu’gm TnuUszanal 55 dBuV
agnslsfmuiiszezrnaseninuaiosdiiana3ossu Uszann 18 Alawns AALwsIdyyIaiin
lﬁaq‘ﬁ' 43 dBuv il osanluiuiinsraad f4 iavnaasdyaiasuniuananinuandon
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Vindyaraiuusenaulusedings
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Abstract—This paper presents an analysis of digital television
broadcasting, that used DVB-T2 standard, in Bangkok Thailand.
The result of analysis has derived from signal measurement 20
location in Bangkok. The measurement location consists of
several difference areas such as an urban area, high building
area, open area. The measurement’s result are consists of signal
strength, C/N, MER, SNR, NsMAR, bBER, LBER, power output
after combiner. The measurement illustrates the effect of
attenuation and interference in propagation channe. The
propose of this study is checking DVB-T2 channel characteristic
approximately attenuation between transmitted antenna at hase
station and received antemna at far field. The result of the
analysis could be useful for improve and design the digital
television broadcasting network.

Keywords—DVE-T2; Experimental; Field strength; BBER

I, INTRODUCTION

Today in Thailand the standard of television broadcasting has
been chosen to digital transmission in DVB-T2 (Digital Video
Broadeasting — Second Generation Terrestrial) system, that is
one of the popular digital television broadcasting system
which have been used around the world and it has been
developed from DVB-T (Digital Video Broadcasting —
Terrestrial). The advantage of DVB-T2 are it can simultanecus
transmit the rultiple services which different configuration
and the robustness of systermn that can resist for interference.
Therefore, DVB-T2 system can be supports for SDTV
(Btandard—definition  television), HDTV  (High—definition
television), UHD (Ultra-high—definition television), mobile
TV and many multiple digital broadcasting.

The field measurement had taken n Bangkok Thailand for 20
locations. The main object for this research are study and
analyze the characteristic and  efficiency of DVB-T2
broadcasting in Thailand.

The parameter that have been used for DVB-T2 in Thailand
has recommended by NBTC (National Broadcasting and
Telecommunication Comrmission) in this measurement many
participants were involved, eg., MCOT Public Company
Limited (MCOT) (Formerly known as the Mass
Communication Organization of Thailand ®M.C.O.T.), NBTC,
and customer whose used these network for broadcasting. [3]-
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The rest of the paper is structured as follows: Section I
Parameter that use for broadcasting. Section III introduces the
DVB-T2 field measurement. Section IV presents the results
of the field measurements Finally, the conclusion in Section
V.

II. PAREMETER USED FOR BROADCASTING

A. Transmitter and antenna

The transmitter of Bangkok is located at the Baiyoke 2
building 13°45° 1677 N, longitude 100 °32° 25.34” E the
antenna high 1s 328 meter above sea level, antenna bearmn 15 0.3
degree 1n Thailand the DVB-T2 operator have 4 organize and 5
MUX belong to government The antenna gain i1s 14.31 dBd
and radiation pattern is horizontal polarization. [1]

R T Pt T

Figl Horizontal antenna pattern in Bangkok, Thailand

B. Transmitted power

Due to in Thailand the DVB-T2 operator have 4 organize
and 5 MUX belong to government The power of transmitter in
this measurermnent are used separate by frequency. NBT channel
26 at frequency 514 MHz transmitted power output is 4 kKW,
Armyl channel 36 at frequency 594 MHz transmitted power



output is 4.3 kW, MCOT channel 40 at frequency 626 MHz
transmitted power output is 4.0 kW, TPBS channel 44 at
frequency 658 MHz transmitted output is 3.91 kW, Army2
channel 52 at frequency 722 MHz transmitted output is 4.3 kW

III. FIELD MEASUREMENT AND ANALYSIS

A. Measurement setup

The measure is importance for checking and analysis the
quality of service DVB-T2 in Thailand because the DVB-
T2 is new broadcasting technology that has been selected
for replace the existing system (analog) in Thailand. [5]
For this measurement carried out within the DVB-T2
network focused on fixed reception for 20 measurement
location. The equipment and procedure was defined as
follows.

* Antenna dose not move when receiving the signal and
not to close with the big object.

* Antennais 11 dBd.
*  Antenna high is 6 meter above the ground.

e Line of Sight direction between transmitted antenna
and received antenna dose not have any obstruction in
the direction to transmitted antenna.

e The portable measurement is Rover Pro HD.

S )

g

Line of Sight

Fig.2 Measurement setup

The 20 measurement location, which have been defined by
working group member at NBTC conference, in Bangkok
Thailand, where are several environment area consists of dense
urban areas, open space in the suburban environments is
showed in Fig 3.

Due to Bangkok is capital city of Thailand which consists
of many tall building. The resolution from working member are
defined 20 measurement location with line of sight
measurement method with the receiver antenna high 6 meter
above the ground and direction to transmitter at Baiyoke
tower2.

6m Rx Antenna High

71

Fig.3 The 20 Measurement location in Bangkok, Thailand

B. General propagation case

There are three propagation scenario [10] between

transmitter and receiver sites is presented in Fig.4

* Line of Sight (LOS) propagation. The transmitter and
receiver are direct wvisibility between 2 side and
Fresnel area is clear.

e Non Line of Sight (NLOS) propagation. The
transmitter and receiver aren’t visible between 2 side.
The signal from the transmitter pass through several
effect such as diffraction, diffusion before reach to the
receiver. The Fresnel area is fully obstructed.

e Near Line of Sight (nLOS) propagation. This case
represents intermediate situation between the LOS and
NLOS. The transmitter and receiver are visible
between 2 side. Nevertheless, some part of Fresnel
area is obstructed. In this case the signal from
transmitter propagate via diffraction or multi-path
reflection on many building sides.

In this measurement the Line of Sight (LOS) has been
selected for measurement.

Fig.4 Propagation scenarios



C. Fading Channel

The objective of this measurement is to compare and
analysis the difference between fading result from
measurement and fading from calculation as Friis transmission
formula, [7]-[9] that has been widely used and can be applied
to calculation of these Line of Sight channels between
transmitted antenna and received antenna. dose not have any
obstruction in the direction to transmitted antenna.

The receiving antenna pointed in direction of radiate power.
The received power extracted by the antenna can be expressed
as

PrGrAg
R
4md (1)
AR is the effective area of the antenna. From

electromagnetic field theory, we obtain the basic relationship
between the gain G of antenna and its effective area as

2
Gk ,
m
4 @)

RAZ

A =§ is wavelength, ¢ is the velocity of the light, f is the
operating frequency,

Pr(f)
& EG ﬁ 3)

Grrits(F) = PyGy G (ﬁ)

Q)

where G, Gp are TX and RX antenna gain respectively d is
distance between transmitter and receiver.

The product PGy is usually called the effective radiated
power (ERP/EIRP)

. g /4
LRTG—
§ (4-nd) 3)
The factor L, is called the free-space path loss.[9]
Convert (4) to dB as (6)

Po(f) 2 ]
=101 PrGGp | ——
Pr(f) °‘°’[ ((4nd)2) ©

d is the separation between transmitter and receiver
antennas, Py is transmitted power, G is transmitted antenna
gain, G is received antenna gain.

Grpyis (f)(dB) =
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D. bBER

-{ Demodulator }A s LOPC }‘. 8CH

bBER LBER

Fig.5 Blog diagram of bBER, LBER field measurement.

DVB-T2 used LDPC (low-density parity-checked) coding,
combined with BCH (Bose-Chaudhuri-Hocquengham) coding
used as protection against interference and noise, which offer
excellent performance resulting in a very robust signal
reception in various signal transmission condition. Another
benefit is improved forward error correction (FEC) which gives
a major capacity increase. In this measurement include analyze
the bBER, that is BER before LDPC or BER before sent to
LDPC block. The performance quality of received signal are
indicated to the measurement of bBER. [1][2]

IV. RESULT OF THE FIELD MEASUREMENT

In this section the results of the measurement are presented
organized in different studies according to the parameter that
have been tested.

A. The result of received power between measurement and
calculation

All the field measurements are used SFN (Single frequency
network). That mean each of measurement point was measure
by the one signal source for each location.
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Fig.6 The comparison of received power between measurement and calculation
for 5 MUX

The comparison of received power between measurement and
calculation is presented in Fig.6 illustrate that 5 MUX consists
of NBT, ARMY1, MCOT, TPBS, ARMY?2 illustrate that the
distance between transmitter and receiver are increase
therefore the received power level will decrease. The range of
this measurement approximately 45 km from transmitter the
trend lines are presented in dash line. As the field



measurement direction between transmitter and receiver is line
of sight therefore the trend line is closely with the calculation
lines. Although in some case for example in Fig.7 at distance
approximately 20 km the received power is too closely to the
calculation line approximately 55 dBuV nevertheless at
distance approximately 18 km the received is 43 dBuV.
Because at the measurement location at distance 18 km have
some obstruction and interference by environment more than
the measurement location at distance 20 km. This is the
obstruction and interference caused by some location have tall
building. That was making difficult for signal reception.
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Fig.7 The comparison of received power between measurement and calculation
for NBT frequency 514 MHz

The comparison of received power from calculation and
measurement of ARMY1 MUX, frequency 594 MHz
broadcasted with power output 4.3 kW, is presented in Fig.8
illustrate that the both from calculation and field measurement
result are rather close together. Trend line of received power
calculation is presented in dash line. From first measurement
location approximately 5 km from transmitter the result from
calculation is 64 .4 dbuV and result from field measurement is
62.1 dbuV.
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Fig.8 The comparison of received power between measurement and calculation
for ARMY 1 frequency 594 MHz

73

The comparison of received power from calculation and
measurement for the other MUX NBT, MCOT, TPBS,
AMRY?2 at frequency 514 MHz, 626 MHz, 658 MHz, 722
MHz respectively are illustrated that both results from
calculation and field measurement result are rather close
together. The calculation result is present in trend line with
dash line.
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Fig.9 The comparison of received power between measurement and calculation
for MCOT frequency 626 MHz

From the measurement result of MCOT MUX at channel
40 frequency 626 MHz transmitted power out is 4.0 kW
presents in Fig.9 at distance approximately 31 km. Received
power calculation from Friis formula equation is 48.52 dbuV
and received power from field measurement is approximately
48.6 dbuV rather closely to each other due to this measurement
location is open area have no any obstruction near the received
antenna therefore the result from field measurement is closely
with the result from calculation.
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Fig.10 The comparison of received power between measurement and
calculation for TPBS frequency 658 MHz
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Fig.13 The comparison of bBBER and power of 5 MUX

The result of bBER comparison with distance, received
power, MER, C/N, SNR are presents in Fig.12-16 that are
consists of 5 MUX. The Trend lines are presents as dash line
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Fig.14 The comparison of bBER and MER of 5 MUX
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Fig.16 The comparison of bBBER and SNR of 5 MUX

From the results of bBER field measurements are presents.
The comparison between bBER with distance is present in
Fig.12 have a bit effect to distance nevertheless the comparison
between bBER with received power in Fig.13 as illustrate that
if the received powers are increase therefore the bBER are
decrease.



V. CONCLUSION

This paper presents the comparison the difference between
received power from measurement with field measure in line of
sight direction form transmitter to receiver via Friis
transmission formula, that has been widely used and can be
applied to calculation for this measurement. From the results
that illustrate the results of calculation and field measurement
are closely. However, some location the results of power
measurement are lower than calculation due to the obstruction
and mterference by environment are effect to the received
power level. The difference of the transmitter’s frequency has
difference effect and attenuation result. From the calculation
and field measurement represent performance signal of high
frequency will be reducing by any attenuation more than low
frequency at the same distance. The all of location
measurement area are located in Bangkok, the capital of
Thailand, which consists of many tall building and dense urban
area. This paper provides channel characteristic of DVB-T2 in
Bangkok Thailand mclude the mformation for fix outdoor
reception in line of sight direction and analysis of bBER that
have been compared with distance, received power. For this
reason, the results of this paper cloud not cover the non-line of
sight analysis that effect to the received signal power. The
future research will analyze the non-line of sight. However, this
research, DVB-T2 characteristic channel in Thailand cloud
useful for improvement of DVB-T2 broadcast such as power
adjustment at the transmitter, network planning.
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Abstract— This paper describes the analysis of modulation
error in term of EVM (Error Vector Magnitude) that will affect
to quality of service of DVB-T2, that is broadcasting in Thailand.
The transmitter of DVB-T2 in Thailand is used OFDM with high
order modulation scheme, which is 64 QAM. The EVM is the one
of tool, that also used to quantify the quality of digital modulated
signal. In this paper will illustrate the correlation between the
EVM and bBER that will affect to DVB-T2 quality of service and
the performance of rotated constellation function in term of
statistic. Regarding to DVB-T2 system in Thailand have been
chosen to replaced the analog system and there will be improved
the quality of service.

1. INTRODUCTION

The second-generation - terrestrial of Digital Video
Broadcasting or DVB-T2 has been selected to operate instead
of the existing system, which is analog system that has been
used for long time in Thailand. The DVB-T2 is the popular
system that has been used around the world there are many
countries in the world are using the DVB-T2 for broadcasting.
The advantages of DVB-T2 are it can simultaneously transmit
the multiple signal, which are difference configuration in the
same time and the immunity or the robustness of interference
or multipath. The offering of DVB-T2 are High Definition
Television (HDTV), Standard Definition Television (SDTV),
Ultra High Definition Television (UHD) services. DVB-T2
also includes a new technique of constellation, so called rotated
constellation, which is one of the main feature in DVB-T2
system configuration. Itis an optional feature to improve signal
performance at the receiver side.

Although, there are so many ways to evaluate the quality of
service of DVB-T2 in this paper will describe the evaluation by
EVM method. The data that used in this paper was carried out
from field measurement in Bangkok Thailand for 20
measurement locations that consists of urban area, sub urban
area and open area and there is the information about
correlation between EVM and bBER that will be atfected to the
quality of service have been provided in this paper as well.
There were many participants involved this measurement e.g.
MCOT Public Company Limited and National Broadcasting
and Telecommunication Commission of Thailand.

The rest of paper is structured as follows: Section II Error
Vector Magnitude. Section III EVM and MER correlation.
Section IV present the result of analysis. Finally, the
conclusion in Section V.

II.  TRANSMISSION STRUCTURE OF DVB-T2

A. OFDM

DVB-T2 used the function of the OFDM generation module
that has been used to take the cells produced by frame builder
and mapping by 64QAM in frequency domain to produce to
time domain signal for transmission. There are many sub
carriers have been multiplexed into single carrier by used guard
intervals, which is OFDM generator module’s function used to
protect the interference to another sub carrier. The number of
sub carrier depending on FFT size, that there are many FFT
size such as 1K, 2K, 4K, 8K, 16K and 32K on 8 MHz channel.
However, the DVB-T2 system in Thailand selected 16K with
extended mode, which is 13,921 sub carrier to broadcast DVB-
T2 signal. [3]
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Fig. 1 Block Diagram of OFDM in DVB-T2 [4]
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Fig. 2 64 QAM Constellation Diagram



Each sub carrier is modulated independently of the others all
sub carriers are spaced by the spacing of the null in spectrum.
The OFDM modulator could be imagined as up to thousands of
QAM modulators and the OFDM symbol is generated by a
multiple mapping. These two tables, that are real and imaginary
table are now input signals for the signal processing block,
which is IFFT (Inverse Fast Fourier Transform). Then these
svmbols are available in the time domain.

Channgl Bandwidth

VIFR)
g 4 A FFT Bins

P e — —

I =1 OFOM Symbol

Concatenated ~”

OF DM Symbols i Onthogonal Subgarriers: i

Frequency

&K
5 Time

Fig. 3 Frequency and Time Domain in OFDM

B.  Rotated Constellation

The non — rotated constellation the receiver need the both of
I (In-phase) and Q (Quadrature) components of the one
constellation point to identify that what the data have been
transmitted from the transmitter. | value doesn’t give the
information about Q.| 7|[8]

In case of rotated constellation, a rotation angle has been
applicd to the classic signal constellation. Therefore, there are
cnough information for cach I and Q componcnts by its own to
gucss which were the transmitted data. The appearance of
rotated constellation is shown in Fig 4 that the red square point
represents the conventional constellations on the other hand the
blue circles shown the constellation point after rotation.

Fig. 4 Rotated and Classic 16 QAM constellations[7]

The rotated constellation technique will improve the
performance of signal at the receiver in all fading channels
therefore the signal robustness will be increased it lead to the
signal can resist to the fading channel or any interference. In
Bangkok, Thailand there is only one operator which is MCOT

T

at the frequency 626 MHz that used the rotated constellation
function.

ITI.  ERROR ANALYSIS

A EVM (Error Vector Magnitude)

EVM is a mecasurement of how accurately symbol are
transmitted within its constellation and that is the important
factor uscd (o asscss the modulation quality of DVB-T2 system
with QAM (ransmission. The EVM that will indicatc the
impairment of vector point on symbol map between the ideal
signal and received signal. EVM is defined as the ratio of error
vector magnitude and magnitude of the vector to the outermost
state of the constellation as shown in Fig 3 and it will be
reported as percentage.

When OFDM with 64 QAM is used to broadcast the DVB-
T2 in Thailand, EVM (ecrror veclor magnitude) need to be
evaluated the quality of service as well.

EVM = 22455100 )
Q
Actual Symbol Location
"

E (Error Vector)
A

L ]
Ideal Symbol Location

Fig. 5 Error Veetor on LQ constellation diagram[2]

C.  MTA (Maximum to Average Constellation Power Ratio)

The MTA, that is ratio of the peak constellation symbol
power to the average constellation power.

Ppeal( = zx(m - 1)2 (2)
Posg == (M = 1) 3)

Where P, is peak constellation power or the squared
magnitude of the outermost QAM symbol and M is the
number of constellation point

The maximum to average constellation power ratio can be
then computed as follows.

Ppeak=3\/17—l (4)

MRSES Pavg VM +1



The conversion formula from MER to EVM as follows

—(MER+MTA4R)
EVM(%) = 100x10~ 20 = (5)

D.  BER

BER is the ratio of error transmitted bits number to total
transmitted bits number in DVB-T2 there are 2 type of BER
that will be used to indicate the quality of service that are bBBER
and LBER. The difference of these 2 type are bBER will be
used to measure the bit error rate before LDPC (Low Density
Parity Checked top) and LBER will be used to measure the bit
error rate after passed LDPC. In this paper the bBER value will
be used to analyze.

BER = (number of error bits) (6)

(total number of bits)

E. DVB-T2 Modulation Parameter

There are many significant parameters used, that relate to
quality of service. In table 1 is shown the parameter used for
DVB-T2 in Thailand that have been defined by NBTC. The
total bit rate for each operator is 27.4 Mbps and for each
operator are consisting of 5 standard definition television
(SDTV) and 2 high definition television (HDTV) with bitrate
1.28 — 1.6 Mbps and 5.92 — 7.2 Mbps respectively. [5]

The DVB-T2 transmitter of Bangkok Thailand has been
located at Baiyoke tower 2 building The measurement was
carried out by 5 frequencies from 5 operators. The first
frequency is 514 MHz belong to NBT channel transmitted
power is 4 kW, the second is 594 MHz belong to ARMY
channel mux number 1 transmitted power is 4.3 kW, the third
is 626 MHz belong to MCOT channel transmitted power is 4.0
kW, the fourth is 658 MHz belong to TPBS channel transmitted
power is 3.91 kW, and the last one is 722 MHz belong to
ARMY channel mux number 2 transmitted power is 4.3kW.
There was the combiner to combine these 5 RF output from
each transmitter to 1 antenna set with 14.31 dBd gain and the
radiation pattern is horizontal polarization.

TABLE I
TABLE OF DVB-T2 PARAMETER IN THAILAND

Parameter Value
Constellation 64QAM

FFT Mode 16k Extended
Guard Interval 19/128

Code Rate 3/5
Frequency 514,594,626,658,722 MHz
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IV. RESULT AND ANALYSIS

In this section will describe the result of EVM compare to
the bit error rate, distance and the analysis in term of statistical
such as PDF (Probability Density Function) and CDF
(Cumulative Distribution Function). That will show the
correlation between these parameter, which affect the quality
of service of DVB-T2 in Thailand.

The first result is EVM in percentage compared to bBER in
X axis and y axis respectively, as shown in fig. 6 illustrate the
EVM value for 5 frequencies that relate to bBBER. When the
percentage of error vector magnitude are low it will lead the
bBER value will come to low value or close to 0.

EVMvsbBER All Frequency

A 514MHz
¥V 594MHz
| 626MHz
[> 658MHz &
722MHz v >
A
A Vi, 4
10 v rA :/
< A b 7 <
& Vo e \¥ B q¢ v
z e, A g
A ﬁ v v
8 A 5B v Vv
10 V
10-1 L ! s
10°® 1078 1074 107 102
bBER

Fig. 6 Comparison between EVM and bBER for all frequency

The comparison between EVM in range le-1% to 10e2%
and bBER in range 1e-6 to le-2 both of these parameter has
been shown in log scale for each frequency have been shown
infig 6,7, 8, 9, 10, that are 514 MHz, 594 MHz, 626 MHz, 658
MHz, 722 MHz respectively the symbol represents the EVM
and bBER value for each point with trend line. From these
result has can be illustrated that when the percentage of EVM
increased it will lead to bBER value will increased as well.
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Fig. 7 Comparison between EVM and bBER for 514MHz
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Fig. 8 Comparison between EVM and bBER for 594MHz

Although, almost the high EVM value lead to high bBER
some the high EVM value are still give the low bBER value
as shown in fig 8 at the EVM is 22.4% it still gave the bBER
for 2e-5. However, at the EVM equal to 4.5% the bBER is
equal to 9e-3.

/ EVMvsbhBER @ 626MHz
10 T T
626MHz
y=670s2x+3.1 Trend Line
=
s10'f
S
w
g |
10
10° 10 107 102

bBER
Fig. 9 Comparison between EVM and bBER for 626MHz

EVMvsbBER @ 658MHz
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Fig. 10 Comparison between EVM and bBER for 658MHz
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5 EVMvsbBER @ 722MHz
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Fig. 11 Comparison between EVM and bBER for 722MHz

From these comparisons between EVM percentage and
bBER can be summarized that the EVM value is significant
relate to bBER no mater what frequency will be used the
tendency of bBER will be high when the EVM value increased

The comparison between 3 factor, that are EVM, bBER and
distance have been shown in fig 12, 13, 14, 15, 16 separate by
frequency illustrated the correlation for each other between
these 3 factor. This results were carried out from the
measurement between transmitter and receiver from 1 to 45
Km with Line Of Sight direction.

Although, the distance from transmitter increased almost
EVM and bBER value weren’t affected. From these result can
be summarized that the distance between transmitter and
receiver will not affect to bBER value. However, there were
some location that are not too far from transmitter that the EVM
are high it will lead to high bBER as well.

EVM vs bBER vs Distance @ 514MHz «1073

x10" 45
4

o 35

w

@

il 3
25
2
15
3
0.5

Distance (Km)

EVM (%)

Fig. 12 Comparison between EVM and bBER and Distance for 514MHz
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Fig. 13 Comparison between EVM and bBER and Distance for 594MHz

In fig 14 illustrated that at the distance 23.45 Km the EVM
percentage is 5.9% that gave the bBER for 9e-3. However, at
the distance 44.72 Km from the transmitter the EVM
percentage is 2.1% that gave the bBER value for 3e-5.

EVM vs bBER vs Distance @ 626MHz x10%
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bBER

Distance (Km) 6
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Fig. 14 Comparison between EVM and bBER and Distance for 626MHz
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bBER

Distance (Km) 40 s 10

5
0 EVM (%)

Fig. 15 Comparison between EVM and bBER and Distance for 658MHz
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EVM vs bBER vs Distance @ 722MHz
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Fig. 16 Comparison between EVM and bBER and Distance for 722MHz

Although, the distance from transmitter increased almost
EVM and bBER value were not affected by the distance. From
these result can be summarized that the distance will not
significant affect to EVM value, which is the parameter that
directly affect to quality of bBER value.

The analysis in term of statistical were carried out by 2 factor,
that are PDF (Probability Density Function) and CDF
(Cumulative Distribution Function) the results have been
shown in table 2 and fig 17, 18.

The following value in table 2 are consists of mean value,
variance and standard deviation for each 5 frequency or 5
DVB-T2 operator in Bangkok, Thailand. And the Fig 17 is
shown the probability density function for each 5 frequency as
well. The value distribution of higher frequency will more than
the lower frequency. Fig 18 shown the cumulative distribution
function for each 5 frequency.

TABLE II
TABLE OF EVM STATISTICAL RESULT
Frequenc Standard
(I?/le) . Mean Variance Deviation
514 3.19 12.19 0.78
594 4.35 28.13 1.18
626 3.75 11.61 0.76
658 4.17 22.87 1.06
722 5.4 41.32 1.43
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Fig. 17 Probability Density Function result of EVM for all frequency
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Fig. 18 Cumulative Distribution Function result of EVM for all frequency

The result in table 2 and fig 17, 18 illustrate that at the lowest
frequency, which is 514 MHz will give the lowest mean of
EVM value, that is 3.19% of EVM. On the other hand, at the
highest frequency will give the highest mean of EVM value.

The standard deviation of EVM can be described that from
the result regarding to the frequency at 626 MHz which is
MCOT operator will give the lowest standard deviation. And
at the highest frequency will give the highest standard
deviation as well.

From this result the frequency 626 MHz which is MCOT
MUX is lowest standard deviation and variance of EVM
regarding to the rotated constellation function that improved
the signal quality to robustness signal and it is significant
difference in term of statistic. From this result can be clarified
that that rotated constellation function can be used to improved
the DVB-T2 signal.
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V. CONCLUSIONS

From the result there are the significant correlation between
EVM and bBER. These result that have been shown can be
summarized that the EVM percentage or error vector
magnitude will significant affect to bBER, which is the DVB-
T2 quality of service indicator. Although the distance increased
there was no significant affect to bBER. However, there were
some affect from environment at the some of location lead to
the low quality of bBER as the result that shown at some short
distance between transmitter and receiver.

The EVM percentage in term of statistical shown that the
frequency that has been used is significant affect to EVM.
Especially at the high frequency will give the high standard
deviation more that the lower frequency. At the same time the
higher frequency will give the high variance more than lower
frequency such as at the frequency 722 MHz the variance equal
to 41.32 on the other hand, at the frequency 626 MHz the
variance is equal to 11.61 regarding to the rotated constellation
function that MCOT operator used to broadcast in Bangkok,
Thailand. This function can be clarified that can be used to
improve the DVB-T2 signal quality.

Finally, this paper is presented the analysis of DVB-T2 in
term of EVM that can be used to improved the DVB-T2 quality
of service such as parameter adjustment then.
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