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ABSTRACT

This thesis proposes an evaluation and compensation of terrestrial television
signal for DVB-T2 single frequency network with real network. For improve digital
terrestrial television signal broadcasting efficiency in overlap area of single frequency
network. In this research, the experiment was conducted by change the local delay
time of the transmitter in the SFN network, which is likes a changing of the transmitter
location within the overlap area of SFN to analyze the effect throughout guard interval.
Moreover, the minimum threshold required for signal reception is present by the
analysis of important values necessary for receiving digital television signals, e.g.,
received signal power, MER, CNR, noise margin, and spectrum variation. In addition, this
research proposes the compensation model for the minimum received signal
threshold from simulation. And experiment in the overlap areas of SFN network to use
the obtained data for create a model to find the minimum threshold compensation,
which effects of the terrain and the environment. The research results shows the
minimum signal threshold from the laboratory and its can be used in practical by
compensated the signal streneth due to the effect by terrain and environment. The
results of this research can be used to design and improve the digital terrestrial
television broadcasting for the DTTV network service provider to get the optimum and

highest efficiency. Especially, MCOT public company limited.
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dIN3IZTU DVB-T2

2.1 n&an

weluladnmsaddnsiainiefiuiussuuiavanasgiu DVB-T2 fivseneldludszine
1‘1/1afjaﬁ;ﬁ’uﬁlé’ﬂ%mdﬂaﬁmsua@Lﬁ%"lJLLUU%I@L@WﬁLﬁm (Code Orthogonal Frequency
Division Multiplex: COFDM) [15] ﬁ?fqmiua@La%’uquﬁﬁﬁmﬂﬁﬂuizwmsmzmaLﬁaﬁwq

Y

AANUALTZUURARYA DAB (Digital Audio Broadcasting) LUt @auszuunIsaanIudey gy

TnstminafuAusyuuAivia (Digital Video Broadcast Terrestrial: DVB-T) feiluinnsgiu
éuLLiﬂﬁdqshué’aujzywm‘[mﬁﬂﬁmﬂﬁuﬁuizwﬁ%ﬁaé’w%’%mima@m%’uuwﬁ I5suldnds
wsnileadadanissy 1990 Tuduusinassiu DVB Ifiiausunnsgiuaeanisasinse
aeiuRuszuURRTadeRsnsi nasdeanslSauviadu q o1fidu 11M5§1U [EEE 802.11
WS IEEE 802.16 uay Nnsgu LTE [16] sisAldinadinnisuequatuiuy OFDM iy

Haqtiuuiinsuiuilusnsgiu DVB-T2 annsaifiadsgans nmldfdetudmiy
m'ia'ﬂt:Jmé’zytg'lm‘[mﬁﬂﬁmﬂﬁuﬁuizwa?}ﬁa Tuguaud UHF wag VHF 1INTFIUNTTA
fsnanfanudangudmsunisidfadimand msidhsia msusuasusegiadu uagnis
Usuusemnuinauingfemsdieosuuusing 4 amsei 2.1 Wunmssveamaluladlyeii
dudnanluudonlaozunsy Seilidusgarsnmendeduniuiissylilunas uazangy
71 2.1 uandliifiufsudennisrinundnuesiinggu DVB-T2

unsgrumalulad DVB-T2 Iimuiutainunnsgiumalulad DVB-T [1] iy
sreavidundrulsznaulndidrunluaaninenssuvesssuuiude T2-Gateway lng
dutszneuiifnadiogiin vegiawed vioegluduvesnistegianduiunisuuuissuy
Tassgnaaudiien (Single frequency network: SFN) Tneld@ad1 T2-MI (T2 Modulator
Interface) [17] T2-Gateway ﬁaqagiudawummimaLamﬁaiﬁmaa%fwé’ngﬂmimaﬁdwEJ
mnuiifen fdnvasiloutuanyniedesdinelulasstne vieusinsgiislunsdvesnisds

wuulAsagIEAMEREILUY MISO (Multi input single output) @sldnanliluded 2.7

2.1.1 NSUTTUIANAYYIUBUNA

U955 DVB-T2 @unsasessudyaaduns lanadl



- Transport Stream (TS) an3uufininadeyaiiinnueninsiguiesiuiildly
DVB-T
- Generic Encapsulated Stream (GSE) ansuuiinunadeyafiiniueniuuunsiivie

N v

dl ¥ % v s v d’l L2
wuudsuudasls Tasaiunsasuilaainuegiawes sUwuvuresdeyanuuiiiingusvasd
dusunistdauaiu IP 7l TS-MPE (Multi-Protocol Encapsulation) [18]

- Generic Continuous Stream (GCS) ansuuwiininadeyafianunsafeundasle ue
ALawashianusnganueIvesiinng

- Generic Fixed-length Packetized Stream (GFPS)

d195U Transport Stream yludsasaunsaldiu DVB-T2 1a egnelsiniu faiden
vdugnesniuulvianuuinves Overhead laglasunisuusiliviail

(3 PN ! v < o d' i ¥

- nsasadeuuininailulalinu auiseneauinineduunnue e lgeu
99NN NIualosnansula

- muausganiamgs aunsaasiadealunilaanniualeinaniy wasdianunse
TglalusUuuures GSE

L1fNAYINIASUAIINaldl v oneneanlaludiuyaszuuladnaTInday
o [ o [ 1 6 a Ay v o A 1 dy A ¥
Jududmsuludiuvewsualesaaniunnesdy lngdufenmealaunsaienls suuuy

an3ulna1tgninasscag T2 Baseband frame warlunsalitldaiunsausuifsudeyaves

ansuuiininalu BB frameillesninillomsnanislu BB frame gitnavaly

AT 2.1 1nsgruelulad DVB-T2 [1]

Block New features Benefits
- PLP Flexibility
Input - New input formats Flexibility
- High efficiency modes Less overhead
- LDPC Robustness
BICM - 256-QAM Capacity
- Rotated constellations Robustness
- Time interleaving Robustness / Mobile
frame builder - FEF Flexibility
- Larger FET sizes Capacity
- New bandwidths Flexibility
OFDM generation - Pilot patterns Better Performance / Mobile
- PAPR reduction Energy efficiency
- P1 Symbol Synchronization
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Single or multiple
input streams

v

;' ( \
L.
Input
processing
i <
. J
!
BCH/ Demucbis |, Mepper
" LDPC mterhea'u\er to cells mrin?.;teeﬁ;t?on
BICM
_________________ > Cell Constellation rotation
| n'rter!aauer interleaver and cydlic Q-delay
i J
|
| A )
Frame
Builder
: < Frequency
| interleaver
. . vy
fanl( - «1
i ) Pilot insertion & dumrn‘,r FET
----------------- ™ Miso E°F tone reservation r—
ﬂFDM e — — If Jhal ¥R AEYRWRWEY B = ___
Guard Intarua
insertion reduc:tlun
¥

\
Group 1 Group 2
RF RF
signal signal

Ul 2.1 vdenlaszunsuvesnnsgiumalulad DVB-T2 [1]

2.1.2 Physical layer pipes

aslaniAuresInsgIumalulad DVB-T2 faufiudiuiuin Ao awisoudon
svumuuUTesdaadld FrensuSuussiiviedunanisnin (Physical Layer Pipes:
PLPs) Faflauunnsnsvassedunistestudgyaradidonuinung Tavaunsausuudaldly
DVB-T2 s3ulufanisusuussmanfimesdmdunisdsiatesdyia nsuiuiounaua
wiadu (Constellation) wagn1susuwdsdmsunsaduasnwnsndoyaidadin (interleaving
Depths) dyayres DVB-T2 anansasdenladndesmsldvunisdeiotunsnenimidense
vanevieumsmennlundey o fu FsansavinisuSuussld dregratu vnnsddesieo
%”’umqmstwImswiaﬁf?umqmamwLLSﬂﬁ'}ﬂ'ﬁ@iﬁ’Tagaﬂ%mmmﬂ (flefimsdedndeyadu

wnuazdsianistesiudilunsuainiadu) 1ioAeIN TN FYYINAINRUUANANTAZS
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(High Definition: HD) T¥dwmiun1sfudnaalusiuuunisindeaigainiAvumndaniti
VULHYINUBNVBTUNNIEAINTTINNTANTAIUNUNIUABNITIUNIUGS MENITAIUBYA
Ysunatles dusunissunuuieaeud laeRarsunansmdiwesnianuduiuslunisdenld

Toyauuulowenfidu (FFT size uay Guard Interval) Fdlunnviedunianenmiinisldsuiu

2.1.3 BICM

] v Y

mnmanaé’wﬁammsmsma@l,am%ﬁﬁa Ao FIUYDINTABAUNINTATUUDYA NI

Y [ 1

Wsia uagdumeunisuegian dntndwmiunisaiedyainudas BB frame lnggavingas

A7)

IoUudyayos T2 viedumnanienim mugui 2.1

<

a ¥ 1 =

aufildinadanisunsnaduudenuwasnisueaand sia iy dyayiuduna BB

o '
(4 )

frame VaviptUNINEAINAIINTERZgnYinsdhsRanewluduiuusnienisidn e
Aewen BCH (Bose-Chaudhuri-Hocquenghen) uasnsidnsanielusnenisnsiaaeusad
fianuvuuius (Low-Density Parity-Check: LDPC) n1sl4f LDPC [19] Snasoainuvuniu
seduminsumuiintwiiowSouiieufussuudy 9 wu DvB-T Wudu lne LDPC 1y
fugIurennnsgIy DVB Tu3udl 2 (DVB-52 DVB-T2 ag DVB-C2) vauziinisidnsvianisuen
BCH @nu1snanm1uiawaiaves LDPC asladn [20] 8msidrunsiunsiatlosiu (Code
rates: CR) 71 6 Wuuseni3endneghaissssuveinistiostu Ussneulsae 1/2 3/5 2/3
3/4.4/5 way 5/6 (Sesarvuanuuumstiesiugslumen) uazansadenldasssunuuly
daurasuuIn LDPC FEC frames Ao 16K uas 64K 11navas FEC fidvuaduasiinnunumniu
Woe (Usvaas 0.2 dB [21]) usidrelunisusuudeamisiiwes Ineanizdmsunisdadoya
USunauuae

JuAguws DVB-T2 luldni1sinsuanuy Convolution tag Reed Solomon ta7 DVB-

—

T2 lminauanisuagianuuy 256-QAM gavilviaansasiuysganinimlunisdeiudoyad

e

[ac)
2

JUU

[
=

AUIATIATINVUINYDY BB frame FWUaEAUIUIAYDY FEC frame WazdnsId@iunis

Y

WsWa g1 FEC frame 2ggnybidlaunansidmsu 16K uaz 64K daunaladn DVB-T2
Lite lanmuaguuuudnsidunisidisiaiuduuninddnassuuy (1/3 way 2/5) wavla
Weanliaednuy (4/5 uay 5/6) Waruinved FEC frames NNUUAUAS
dmiudeyalu FEC frames aggnyitmsaduasaunsnduvistaya sniugilynis
ad A2 o o ) ¥ LY (Y & @ o o 1
yagLanuy QPSK aﬁmiuﬂmawsgﬂmuﬂ%L%uﬂu IAgNEIINUY AYINILNITINAILNUS
dydnvaldoyasie q asvursuamadududuidnisinuauuuuvenIsinnguuuaoud

U ) v ad (% o [ 4 I
LG]La%UﬁﬂﬁiU'ﬂﬁﬂqiﬁaUﬁ@@LL‘VIiﬂWWLL%UQ‘U'&];JUQLLUUIV@JG\WNE‘ULLUU&JW@?@]U DVB-T2 Tutneu
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Uvasusiaigad 919830 umnUeeg 9 Aiumisvunsuanatuslagnuaganiuaud Tu
WABELYAdQNIMUATUAINAT | + jQ IaE I AR In-phase Way Q Aiw Quadrature-phase
AuanwylMivewInIgIW DVB-T2 Aan1svitn1suyuvesnsuainiatdy (Rotated

[y

Constellations) %Qmﬂﬁmﬁuﬁ’ﬂﬂulu%ad? Signal space diversity (SSD) [22] Tnguszasd
vounailadl vindudtelaunsndeiudeyaldludnvasannvanefiemsdmiudeyaiignue
ALan '3'§mi§6u'aEfl,uﬂﬁﬂ%’wgqmi%’ué’zyzyﬂzuiﬁa?jq%ul,ﬁaﬁﬂWiawaué’igapmashﬁumﬂu
Yosdyau Weldnudnuuzuesitnisd wadiomunazgnuauly Tnswansliiuniugud
2.2 inamuanslifiufanisuegianuuy 16-0AM suuunyuuariivsuresaeuaaady

InayuiUasulviuegiunsidentdneuamaty

9 N\
| \ — N\ P
- B—4Y-w -\
- \ :
| P g |
\ | | \ o - 4 '
A "
“ ! ! — T/ |.l
2 Ealcaim el s st g €28 ) -
\ T v
— 4 .' ‘J
o mal [ da \: ]
- - : R
" \ '\ ‘Y
! A -8
"y . o L) Do C g\ L/
‘ pl S | \ \
L D) \ \
L : {an ‘
3 ‘ 4 .
5\ | 1 s
| \ \ | o |
B S b=t -\ --n
e

gih?i 2.2 anwuy Rotated way Non-rotated constellation Iug‘ULL‘UU 16-QAM [1]

NNV 2.2 é’qmmmaﬁl,ﬁm%(umﬂmimwaguﬁ usiazduUITNOUTOId QI | LAz
Q szifivsweriemslideyadmiunismsisasuiuses dadnuaideyarigndan aglsd
au madenldnayuvesreuamaduliliiuiinsilansuivivinsfudyarailéa
Funnnidn mnvedayaa | was Q Usvavdunisgaydsliagiauinuieainnisaanauly
Yo3deyQ1aNIITU WioThonvuzdesning Mé’qmﬂﬁﬂmsm{ul,t,é"sﬂwsﬁfmfm?{awfmwﬁwaq

A1UUs2NaU | ey Q B99EYMIRLAAINULANAINNINAIUDLALANULANAIMINLIAT F5A15T
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5901 Q-delay wazdasinlviwiladngacie lagndsluludiuniunndisvesad 72 loy

[
[

Bsiddnduludeiinmsmuvesaeuaaiady Lag Rotation Constellation Cyclic Q-delay
(RQD)

nsuwnsnaduilunisiulseiudiulsenauresdgiad | ag Q Yeduray dayanual
foyariiedosiunsgnsumusionsanveudyaalusuiuusing Fedu drauniadule
yesdrulsznoudyanugniatsluvieifnnansemuiiosannisansnevesdesdyaia
duiidesgvesdiuusznavannsagnainanduamaunuls uidvinlaleviinnsvues
pouALaTy Teyaragameld ewnanisaesesdiutszney | uay Q ldgnvhangluii
AvNMssunulutesdyan

anunsnaguldan wedansmuvesnouamatu 3 Iffndaeuamnsalunisdu
Fyramuurainvatsfianis @aunsatelunisuiulTenmn mveAIessy DVB-T2
Tnenmgluloulvvesnisaneunasnisvameludesdayaios wuudiaes [23 - 24] uandli
Fumadin ROD annsniiudnsmenslduszaina 0.2 dB viiawnnniiu Fuegifunadonld
luasng o vesApuaAatUNITEaNINT 1IN HE (Code Rate: CR) hagjUnuuves
FesdunauilowSsudlautu QAM neudAETULLURNS 9

Tudrugesmsldinadadl Lifinsdueuguosdeyatuin uwiazdanududouluns
nensAUa AR DIy Tnolowzeeadedivsunsdennouaimiatuluuas q Sanediiu
dmsunsnonsvidlagniianniiieananududeunudeyadieds [22 - 25 dmiu T2-Lite 16
ndniAssismsfitudeutl namueoumnaduililadliluaouamadunuy 256-0AM

9nnsundYsaeuaimaduiiigieiu (Constellation mapping) uazn1sady
aoauwnsndeyalvidiSeusesuad n1svudyantisieivedludiures FEC Block ¥nves
nsaduaeaunsndeyafinnuuansaiulunsas FEC block suiilosnainnisadu frame
NPIULIAN

sounludiugavinerasnisaduaenunsndoya Aonsaau frame M19AWIAT N3
aduasaunanfoyauuviliudauiionige unissmiuvonsadsing q 910 FEC Blocks
fng 9 fatuinsiadunafiunnuvuniuvesdyanaainuaes Doppler Tutosdayain
wiffeananifuninfisturesnissutunisdiuna nsdenldwisfimesnisady
aoaunsndeyanisdiuiat lunsfindu desfiansuniauaiosduasiniosiuing
mirsanudrdmiunislinuisestundolil msdidunisaduasnunsndeyanisiunan
wiosiaanaudosmvesiiuilldnunhemusmnaeiessulitiosiias

nsasUasnLnInUayanIIavzAniiun1slu PLP lngusay PLP a@usavinnisaqu
aonunsntoyaiuldograunnsimarnvaiglumana fegratu Tu PLP Mlddmiuteya

wuy HD Felddmsunissumeateeinmawuufndsvumnasnitiu luladanusndudnsunis
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o o 1 ¥ ¥ 1

] v a Ng v v o Ly U d' A & a
aaumwuwagamqmunm wagInIuUDN PLP VlﬁL‘Uﬁ\‘IGUE)JJuaﬁ’WﬁUﬂ’ﬁiULL‘U‘ULF’]ﬁE]‘LW] RGN

oA o (% ¥

AnINIgyNIsadUasawnINYatanImIuaT gy liaunsatialanaunduly

[ 1

mssudyaas uindeawaniu msvuiuvesdeyaneiunainesiuundusie

T

umspulunsidenidnsaduasaunsndoyaminunailey 3 Asfidesfiansan Tng
uoeffuindonld FEC Blocks uuule Tngsznauluse T-Blocks interleaving frames ua
T2-frames @99gilmnuduiusdstunaziu T Blocks Aonavesnsadusiiumis v83d iy
FEC Blocks fstiumsaduiumisdayanisdnunaniuegfuruiaaiugiines T-Blocks us
anusaifisduld msredh T Blocks ansausnuarinassivivieldan T2 frames uuuld
soilaslel

2.1.4 n1sa319sy (frame Builder)
nudentaezunsuil dideyaveswadly PLP d19 9 ladaluluainudves OFDM

€

v

e dyanualdoyasig 1 990 T2 wisuuaziasaduiuney lng T2 wsuiliseniuin T2 gwes

Y

e 2

v

sy wennil Seallteyavesdiyaamlasunisandunisluiunsuil

o o L3

laseasnaves T2 LWsuisuauann dydnvaldeyausn e Pl dydnuaideyadaly

o

druunisindeUsgaunuveddiann muime P2 dyanvaldayadenaniiunisinestu

o
(Y] [ v &

touguiy wazndswintuidudiuaues dydnvaldoadeoyn nugud 2.3 Suiuves

2°

Y
Gl

MNe

yanvalteyatayaaiuisafiivuald uiaug13530v0e T2 tisudegldiiundn 250
fadud

AULANANINAILLULYEY PLP Bsagldun1sdnass Ing Common PLPs Faazau
fhedeyatmansuasitsdudeyasiufu PLP By 9 Mieglunguientu (avnausins q légn
Sualiuda) wasiommaazlisunsinassndanlaSudymianda

sULUUYBY PLP1 Rzgnandunisden aasessuaensiainuilsludiuiu pPLP 18

'
U [ v =

LASDISUILNEATUTRUADY ATIVYINNTINUTUEIUNdDAARBIALYDY Common PLP wazds

9 Y

anunsnnensia PLP Wsuldegaunsens T2 wisudusaluly PLP dns 9 Using flunumned
o § v 9 = = o Ay v
linsTukuuARouNaNaTaUTENEALUAWET LA

Fudrnvesguuuy PLP2 Wudiufignaiunisdely navesnisaadidiuiues Sub-
slices tugnasiUluddunsisiuduiuaiuiindeves Sub-slices 101 PLP2 Falunumsiiay
ieadaennaosiudmivusdas PLP laegnnszangluluy dydnualdeyatoyaves T2 sy

wnUNAzandIlluI9E@IURE19RBLERY LWUMARTULY PLP1 ANUMANgMA18NIIa ALY

Y

ilUdsaunmeslunsiu mniesessuisamsiudeyates 9

Yy I 1 [

Tayanlaagyinliiin PLP azanfiunislunsdas T2 wisudvdiuvesdygyio L1

U [ e >]

&z

Woagyilianusasu PLP ¢ 9 e Jsfimnudndufiavdesnsnsiadygyradidudiunsn

o
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Tudau T2 glofinsugnadistufesiuiues T2 wlsukesfivdiuvesiidenie
Future Extension frames (FEFs) 1inlusine ludiunes T2 gulasisunansliiivdiuves
FEF anunsaladayanadu q dindluld Tnewndessu DVB-T2 avuesiuiludiuvesiily

dmuiiestuluives ove-T2 Iiifinludiuvesnisiuuuuiadeudl (Mobile
Reception) @ai3eni1 T2-Lite Inganunsnds DVB-T2 nienfudeyaludiuves FEF Tundou
fuld Belundndu nisfididaunes FEFs Suilsfinudanduduegrsnndmiuniswam

syuusald

2.1.5 n1sei1edyey1od OFDM

Tudugarhevesudenlnozunsunisas DVB-T2 i feduves OFDM lng DVB-T2
TsinauemuansaiulSussludinves OFDM il

~ quAnTRs FFT sizes Sinavan 6 WUU TouA 1K 2K 4K 8K 16K way 32K (1K way 32K
luildiogludiuuas T2-Lite)

_ Suuudievisionan 6 wUU Ao 1.7 NnelEsed 5 lnnsidsed 6 wnnzidsng 7
WANELESAG 8 WNNLLESAY wag 10 WANLEInG

- # Guard interval Tsiidien 7 wuu 1/128 1/32 1/16 19/256 1/8 19/128 uag 1/4

a1 v ¢

AW FET 9uin 8K 16K war 32K g1unsatiuninuide dydnualdeyals iivevinli

e

ausadindnvInesteyalunisdtla msdenvsnilnesnanantuegiuanuaaenisiunis

9 Y
Tiusnisuue) egnerulunsdlvesnissunuuiadoun nsnlgiuau FFT size Ndlvuinlng
ladlafipuimuigay deunisandiuiudesinesnudlvedludedninves Doppler
Frequency 1y ANTONUMUABAITTUNIUAUTZNINNAUD (Inter Carrier Interference: ICI)

Y I

1 ° QU o/ o lo A I a a ‘N'ddqu d‘ (%
AIDYLYUY a'ﬁ/ﬁ‘Uﬂ']ii‘UanyﬂJUWQALLUU@QﬂUV]IUEULLUUIﬂiQ‘?ﬂEJﬂ’J’]@JﬂL@]‘EJ?‘V]&IW‘LWIﬂ’ﬁiU

[

Fyavuialngldmivgiuaia UHF aneldunnsg i ITU-R region 1 SURTRERRIRED
#o9lY AD 32K extended, WUUAIAY 8 LUNALLESHT wae Guard Interval 19/128 (1/4 lyila
JutamdmSunisidsauiu 32K)

d sy dydnualtoyavesteya (Data symbol) muunfivedyanualteyavzgnly
autdu Pilot cells (Continual, Scattered) data cells #3® dummy cells Tudiuvaq
scattered Pilots Idnsuliiaiassuldlunisuszunnavesdygia nsnszaesdaluly
Sydnuaitoyasing q wanilfidomn 8 suuuy nisléenluguuures Pilot ldnuuiuae
¥4 Overhead Aifluurmdn wazynldluguuuuddl Pilot nuuiy waflldAazyinliiinng
ﬂﬁzuﬁmﬁwﬁaqﬁmmwmﬁgﬂéfaqﬁéﬁu é’aﬁ?ﬁqﬁmmﬁi’ﬂLﬁuﬁ%é’aﬁﬁqmméfaqmﬂumﬁ%’u
Fyanas Wleiezldanunsadenldnisden Pilot Iogramnzay

Tuguauil § Pilot pattern wuuiiawagnilawuy (PP8) flaumuiiuves Pilot ey

% d‘ d! L% v L3

ign Tdmsunisussanuevasdygiuiisendt CD3 neteyaluigaanils dydnuaitoya

v
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gnlfiilasuntsmevaussnudves dydnwaldoyarioun [26 - 27] s Pilot pattern dlaild
lgsuiunisaduaeauwnsniuiadeya viseuwdusinisasluguiuy multiple PLPs [28]

wilsludoideddnmes OFDM Ao feuunnilutosdyainsnn musasgiues
DVB-T2 fausiSnisuflald 2 33 Ao nsiedsr1gegadnsndiuninds (peak-to-average
power ratio: PAPR) #38 Active Constellation Extension (ACE) [29] wag Tone Reservation
(TR) [30] n1slderudsnnsi avdenalfannansenures back-off reduction An1Aveny
Fynamuivenaieds wavansadfiulseavsnmnnsiiauvenadesdsld

d1m5u TR 1umus&aéﬁ1;ﬂéfﬁ%auﬂa Lwiﬁé’zgfgmﬁmwuﬁ@m peak power 984
Teyeyeu OFDM eQNanaenuusadayaInas naainnsld PAPR aevinlimiuquesyalunis
dadnyaianaslTeinn 1 %

du ACE vhaulnenisuiuusisanmnuussluusaziwadlasusiaingadieglnagaves
constellation anmsyguiazsiilden peak power anas dslianansaldldlunsalildau
rotated constellation wafiemlaniiuninnisld TR msenligadedoyaluidieldauly
Tnunid

agslsfimnn 3805 ACE Tuiifedlunsldemiifinmsldaeuanaadusi daunsld
o TR agiluiresnisdenouanaiatusuauing wasisdesisnsaunsaldaulindon
i

A15USuusa OFDM Huslnansynulaenseste PLP feduminuuansisvesdsyansam
TunasliuinisnasunsdygIudyINIzasLanNIn1en1sLdann1sUTULAS OFDM 11l
wigay n13l4 DVB-T2 uay DVB-T2 Lite Turdunviiendulaeld FEF anunsavilalaenis

A o/ ! a s 1 [
LONUITUBAINIT UL BINRGNY

L4

2.2 nsesetyed

Tugnuutesnilu 2 4u (Layer) Ao 4u L1 wag Tu L2 lag L1 10y

Lo

e
@
>

VRHGEE
‘W'mﬁLm%mmé’muzyﬂmt,l,azﬂﬁa;gaL‘ﬁmﬁumﬁmmwm Uty L2 Judvesdeya wu
dyans MPEG-2 TS wazdayanadu o lalldssyluinnsgiuves DVB-T2

Tayavesdgyin L1 gnuuandu Li-pre way Li-post sy Ll-pre tUudaya
Aeafulassadisvasframe uagludiures L1-post Lﬂusﬁayjawé’ﬂﬁ'mﬁums&gﬂm PLP %éqz;]ﬂ
aqlu lasd é’zgé'ﬂwai%aaﬁaﬁﬁwﬁﬁgﬁm%’umieiq L1 Ao P1 way P2 Tudiuves P1 azd9mn
Suduvesusiaz T2 wisuuaz FEF Tnglu T2 iwlsuvdaann P1 azfideyaves P2 muan aagy
71 2.3 luduves P1 avhmihiindrefusih Tnsavuenddiuiimdenmunveanissan

=

lngldnisdaiuu 1K OFDM wuulalll cyclic prefix uagnunuiisiensds dydnualdayangn

Y
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' 1
% v L3 = o o

Vg1 910 ddnwaldeuafignyign gnueneendugesdiumenisiieuninudvedunazdIy

4 Y Y Y
'

a

Aauanaluzun 2.4

FEF. 250 ms max.

T2 Frame, 250 ms man. {1 = max in T2 Lite]
- - -
| F2 P2 P2 P2 Data Diata Cratan HT FEF 4
- ] - - . -
Signaling (and data if possible) [*asn Ay Signal

SUAl 2.3 T2 wlsudwsu FFT size 4K (4 P2 Symbols) wag FEF [1]

Frequency shift Frequency shift

P2

Ui 2.4 P1 dydnwaltayauarlaseasnmiaian [1]

lassa$1eves P1 gnilifinnuudeussd1msunisnsiadu wazenalddmiuns
avndeuddasiudiiu nadunavesduna T2 ASUld (31 - 32] 39 P1 @wnsonsianu
IHusinseednsndruniunidedayaasuniu (Carrer to Noise ratio: CNR) iuszany -6
dB [33] Bl seadramasulawuannud ved P1 a1un5a3893un1s synchronization
eduALanTIng tnefinseaweanuifiuinnia 500 sadaiuisansianulugag
wuudinilday 8 wansdsed 39 P1 Ingnuagianluasewuy (S1 3 U wag S2 4 Un) lag
anansalvideya SISO/MISO T2-frame/FEF FFT size Guard Interval Uagguuuuves FEF lag

[ 1

TayanaIlan1T00enTE A TEAUAINLTId Y IUN CNR Anau wazluseloviagias

v ]

dnsuibianunsevaglnsudyaaldegnmingiludiuves dydnvaldeyaiivie

P2 drununils dyydnvaidoyavienaty dydnualfeyaidudiuiegieain 1 lay
41UIUYDY P2 EQNANUARINYIUIAYBY FFT size logimuaniuunuudnuiudydnual
Toyasiovuinves FFT @y K) lngazdisiuau P2 unngawindu 16 (enviudmsu 32K
Tufiiite 32) fegnatuil 1K agldvinfu 16 P2 AReswuves P2 dydnuaitoyavinun B

willou 9 fiu (aneiu 32K Farugdugea)
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Tuduves P2 azdedoyaves L1 uazdoyadu 9 funndidsmnuqmde msuogiaty
wazmaihsaues L1 lu P2 dydnvaideyaunndaaindiuivdedu 4 vesszuy lagagly
BPSK 1/4 dwiu L1-Pre uag BPSK QPSK 16-QAM uag 64-QAM CR 1/2 aganunsaidenld
1§8m3U L1-Post Tnedsiitimnudddmnsumsieianununiuwes L1-post dadosnisle
fnstostuiiganingiuves PLP nszdn vin Li-post lianansanensials azvils PLP i
anunsanensElfiduiy widisaugues P2 dndnvaiteyatuiivuiasidanudiuunes
wadfanusaldanuld dranundusivesnouanaatuiidentdlnefidrunosdymio L1-
post Slvunalugninfiudinaunsaldauld azsililiansadednld lunsaidneuaina
iaduseadendlyivieanduiuves PLP teandaudoyaly L1-post

msldau P2 dydnwalieyadiinanudululdvesnisldau time interleaving 03
Feyeyrau L1 wasdumilougeeaudmsunssudeyayias DVB-T2 wuuARaLd

windesnsiiinAamunulunsSudyanadiitu Ll-post awnsavildlaenisasna
wlsuaugniu 2 asa Tneiwsy L1-post '1‘7igﬂa%’wﬁuuazaamé’aqﬁ’ummamﬁﬂﬂw%’amﬁ’ﬂﬁ

ludiuvasIestuLINYeILIMIg U DVB-T2 ludiuvas P2 dydnualdeyasilrszaiu
Fynaugeuas PAPR gevintgdnuanaed PLP wWudiuauuinuaslugudaunlainisusulss

= a A &
Wenaniaesayyil

AN9199 2.2 A1SHIATNISITLeS [1]

TRERETTLE A1
Bandwidth (MHZ) 1.7,5,6,7,8,10
FFT Size 1KY, 2K, 4K 8K, 16K, 32K
Bandwidth extension Yes/No (Allowed for 8K, 16K, 32K)
GIF 1/128, 1/32, 1/16, 19/256, 1/8, 19/128, 1/4
Pilot patterns PP1, PP2, PP3, PP4, PP5, PP6, PP7, PP8',
PAPR reduction None, TR, ACE (Not allowed with rot. const.)
Constellations QPSK, 16-QAM, 64-QAM, 256-QAM
Rotation Yes?/No
L1 Modulation BPSK, QPSK, 16-QAM, 64-QAM
FEC size 16K, 64K
Code rate 1/3°, 2/5°, 1/2, 3/5, 2/3%, 3/4%, 4/5', 5/6'
Input mode A (Single PLP), B (Multiple PLP)
Input format TS, GSE, GCS, GFPS

1. lylalddusu T2-Lite
2. lulglddnsu 256-QAM in T2-Lite
3. fldaniy T2-Lite
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2.3 nrsmuuasnsdwasnuuzaulunisesnainiddsulssmalng

AMENITUNISAANITNTLABELS NAN1SINTIFAY LarAanNISINTANUNALLYIIIR %58

o w '

nany Fadumhsnuidniiiduguanisunsdygradyarainglnsiaialvalulszme
InglamuuaainisdmesNunraudusun1seena nid tng nany msiuatduauny
MUY TU (International Telecommunication Union) tWa9i1A1SNARBILEA L YN

ANNNSITMasNINsaud I nsuUssmelne [34] Inelasdunisaad

2.3.1 nasdeanldlunisnagau

o =

LH19991NAUADINITNILUNT T U UFU I ATOUARLLALUNUA LA LA B UL N AU

] oo q

Insvirszuunourasnipindadonlda Gl winiu 19/128 @saglavisialesiuwiniu 266
Lulasiuniilaglaiiimssuniumelutwesdmsuldluntseenomealugluuulaseiieainud

WAe lneaariinsesdsanunsneginsiuasanlanussanaliniu 80 Alawasvihnisvaaeulay

b %

v A 1 ~ al Y 3 1 d‘ o w I Q’lj d‘ al
19\n3esdspno1niAil 5.2 Aladan Aren1sdelinaannd Asvesnieussan 92 Alaluns

'
a

(@nNd7 80 Alakuns) auisasudnaalalaeseduves link margin 96¥ 4 dB 84 5 dB

HUNATEUAGUNITEDNENIAWILAYN d1uN3aaniasdvastnantagldisnis ESRS [35] tnufiif

'
I o (% o o 1

NANF1IMSUNIAIE998NINIARD 3.5 AlaTtnea

q

2.3.2 W15739a5 DVB-T2

[

190U52a9AY89N15NAABIN1TO8NINIAINSNALNIANUAUSE UL ARV ad 1S UUS LA

9

lng Ag 1BABINIINIAIMNITITLABSNANAAGINSUNITRENINIA tAENE1NTNANTNTINTES

Uoya (Data rate) vosdyyranfloastulauinian sufadeaninsndadasems (Electronic

o [y

Program Guide : EPG), goWuasdnsunisoniansianis (System Software Update: SSU)

o

wazdayandndulunfeuduls lnengwaninsasnviamnimvesdygyininledmiunisiy

o

dysyrunuvegiunatnaigenanAafsuuraeaIUIu Mssudyiauuuldenianiegly
WATANSSULUULAABUN WIS TmasisudulauiIaInA kil InNANEi19IUn ITU Tag
WEwesAnaTandlunTN 2.3 Fanansaddnsinmsdaleyala 27.4 wnneUndeiuni

dusunisdementianiosds (Multiplex: MUX)
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AN5197 2.3 WIST9857 ITU kUt i d1nsunisnaasdesnandbusseswsn [34]

TRERETLE A
FFT size 32K extended
Guard interval 19/256 (266 ps)
Modulation scheme 64-QAM
Code rate 2/3
Pilot pattern PP4
Rotated constellation Off
Max bit rate 27.4 Mbps

' a s vy PN o R |

Amsimesl liainnisnaaesiiuszmalgesiu laganansadslavianun 8 ¥aq
519713 Bearld 2 YessemsuuuauaNdags (High definition: HD) uar 6 Yoe31en 15Uy
AuANdaUnf (Standard definition: SD) IagmusaIni sdmsunisdariutoyadmiudes

a =

o 1 a i a a 1 a = \
ANANTRgS agfUsEaa 5.92 winngdndeiuii fs 7.2 nnednsieduil Tudiuvesany
AudanuuUnAeguszann 1.28 wnnzlnseduid 89 1.6 wnnydndeuii lneduediu
UszdnSanvasgunsalidrsiadyain dnsunisveasdddiasoinisdammandiuuieada

[

gy likuuianlunisadsnudygadiuseansnngegn asnsnandnsinisaudeys

T U U

vosinloanadldinde 225 wnnedarolund wervnnsiuran muay desresiivszan 23.6
wangdasedund Tasdmiudessisnisanunudngesninnsdeinudoyaszedi 5.2
wnneinfaIuag LLazﬁﬁ'aqiﬂﬂﬂwimmm%’mmmgmwasﬁ 2.3 winnzdafedunil N3
n319avUAMAIN (Quality of experience: QoE) LagUseifiunzuuunnuAaiiiuiade
(Estimate mean opinion score: EMOS) agluinausid wadmsunissunuvatgainianely
Hrunazuuuindsuiidilifiisane Woutdaymidniniwmessinandisdusndugesinig
Usuusiudla Tnsmsudladindnaguufiugiuiidesannsndsessensuuuaueudagsld
2 Yosuazdesnnunndnundle 6 os Inevhogavsaiziauldrmnimesnmnzaud
uandlumsnadl 2.4 [36] uazduautessenisuazdnsmsdsndoyanansliiulumsned

2.5
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WIANDS A
FFT size 16K emended
Guard interval 19/256 (266 ps)
Modulation scheme 64-QAM
Code rate 3/5
Pilot pattern PP2
Rotated constellation On
Physical layer pipe (PLP) Single
L1 post constellation 16-QAM
Number of T2 frame per super frame 2
Data symbols per T2 frame 83 symbols
A numbers of FEC block per interleaving frame 98
Number of interleaving block per interleaving frame 2
Max video bit rate per mux 21.975 Mbps
Time interleaving depth 86.5 ms
CNR for fixed rooftop 15.17 dB
CNR portable indoor 19.61 dB
Max range without interference in SFN 79.74 km
m5afl 25 Snsnsdsrhudeyadmsudesnenisinsiia [34]
Video data rate (Mbps)
Data .
min max
SD 0.75 2.5
HD 2 7
Total 6SD+2HD 8.5 255
Video shaping 19 19.7
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2.4 53uulA39N8UINTIU DVB-T2
2.4.1 1AssngnaIenud
1A59918ln39AUsEUUARTaNIASgIU DVB-T huushuiy Usznaulumiuwniogds

FIUIULNNUIYAYLATDIAINTUNTAITDI518N15 a1 a8 laeldainudlunisdsaan
2INIAsaziATINWANAaTY SULUUNSAsUUlsend1 Tassiekuuvatenndd (Multiple

Frequency Network: MFN) #98131150A50UAANNUAIN1T08N8INALARINAIINADINT

[ 1

F1UIUYBITIYNITNABINTATUBYAUANUNUNIUVBITY Y1 UATUNUNINTEIEBBNDINTA

Y I

ABEg19Yu NSAYAINTTHBALAR N1SAeA1ERTIdIuA1sTeei U (Protection ratios) wag

v

AUNADINITAINTUNISIIBRUIUNISIANTATIVIEY (AITUABINITNUNNNT

U s

10 UTTEA

o

ATOUARNARYAYIUEIAANTOATOUAIUANNVUILULYDNTEWINTEIEN Fosgniiunfiansanly
N199BNLUV)
2.4.1.1 n1siaassautamsulasitienaenud
mmmmuﬁuaﬁﬁyﬁywmﬁm%"ufmLL‘Wi'ﬂizmaé’fy,zymﬂuﬁugmﬁm%’umi
Fenlddnsaiunistlestu fedmiuinnsgiu DVB-T2 dnudesnisiasldiadesdsdman
UEAINEINTUNITUWI A Y I YU UULUULULADNEAINTUNITEDNDINA LABEINITALADN

[ 1 Y

snsaudesiunumnsandmiunsasdyaiauuuadnala egrslsinu Wesannaniunisal

= a o

NdgymazvInmIsnuuiuiiiefgaingnlun1ssudyyrunionisenin “brick-wall

q

aa o IS

behavior” s?iﬂmmmLﬁms‘ﬁuﬁ’uﬂﬂiéqﬁmmﬂmLLuumamaLLawma‘ImamqﬁUﬂ’]m’mLLNu
ponuuulasevgle Imamidqé’fgig'lmuwLLausaaﬂ%MﬁmamaUmﬂgm'ﬁzﬁﬁ Fans
senuuulaseedesfiladeininaus 10 dB §3 20 dB (FriflFmrannisialunaauuasa)
ﬁm%’ummﬂﬁauuﬂmmmLﬁi'fmmé’ﬁyﬁpﬂmé’mﬁmmmmamwwmﬁuﬁﬁnwﬁm ot
FruruvesaudilddmiuniseensiniAiieuInsgIu DVB-T wuuinAfinualdudld
wileufiuszuULouyaaNUUUIRNTURY Ansfosnsninennisaudasinudesnisge
ndmsunisanisnedyaiauulasinerateanud deweudisuiunisdedyyia
selasaiienuiiien

nseanuuulnaifisuiunislidnsdedaganvuneurasniu luuieduaieds
1A5§1U DVB-T an9azgnianastuksulassiislaghildfinusidudwiviiuing
Tu3ns seilunisesnuuulpssefinzaumsinnsandeiuiiluuinaei q idyaio
Sunneme msesenuuuiivhldldveunvesiiuiinsliusnsfiunniy Fosendonsiuin

NMITUNIUAUIINKANSENUYRLATBdIag N eusnuazaglulasademuss s uluuLHY
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2.4.1.2 n1sinusuulifosdunusiu

sosdslulaserneratgaun ldanusndundewinauduiusiu fedu

=%

JafiauazainluniseanwuuuINnINlasItigaudAgIBLATodeiagn1eTulaseuie

o [

= v Y [ [y [y 1 <@ Y 1 a a I~ o a ]
LAYINUADININNUANNUTAU E)EJNVLiﬂG]’]iJGUE)WU@QIﬂix‘i‘U’W?Jﬂ’l’]llﬂLWEJ’J ABY1UIULATBIE LY

TASIUNENDDNBUVILLAINUADINITIIUIUATBIENTBENIN

2.4.1.3 Adsdemiuanudndu

[

WIDINNANTENUYDINISUNINTEANEF VU IUINSVAUAIANURY ATV

L]

'
=

dygrunsulaniaiossuluuisiug

ANAINIINLAS YAz A UL UalUag9uINdU

Y

[ (%

¥

#
Wesniiuinssudyanu Msasdygiamessuufaatiu n1saaneuresdygIansuls

Lldfinannfigalaensadmsunsvamenesdygyia nsiiuiaidsduiiosnudienisi

e

ALY AINTUNITINBvRIF 0 Inglanizagsddluiiunviguouvesiuiinsounqu

) A g v A o w gy a 1Y) PN ! Y] '
dyanu mndululdvesnmsfinidsdadidneazifedunisiivludiuvesdnsidiunis

Jpaiu AvUsrua 10 dB 99 20 dB

2.4.2 1A59918AULAE7

2.4.2.1 %A1
dmsulassnennudies insesdwnesesntelulassiefeinnuduiug

fushonisueglatusUiuuifiontu Snvagdynuililumsdsiouvioutu uazanudild
Tunsdeonduaudiiiortu esminnssuaduainratefianiaainnisdesioninudd
UNUNBYBINIFAIUUY OFDM Fildannusiaziaiosdefiundsfsasninavean’essuazgn
sufudunuuswesdyyuisuldfiaiessudonis eglsiniu fes1invemanseny
ndelasuienILARen e?fagﬂGaﬂdwmiiumué’ﬁgmmﬁmm (Self-interference)
nelulpssang IG]Sﬁﬂﬁ'@igWMQWﬂLﬂ%‘lmﬁﬂﬁagﬂﬂa@@ﬂlﬂﬂ?ﬁﬂ‘tﬂjj’mﬂ’]ﬁd’sﬂL’Jmﬂaﬁﬁlu (Guard
interval) danauvaniuaniUisvadoududyarnsunufunanindudygaiidenis
mmLﬁﬁmmLwiazé’zgiyﬂmsﬁuagjﬁ“‘uL'ﬁaulﬁuﬁuadmaLLWi'mzmsﬁq;igm Faldsuuadluny

a1 MaArnssunIufueveslasitieauiifes ?jqai"nﬂuéfaqam&gqLﬂ'%"aqaiﬂuﬁuﬁﬁag
Tugasnandestiuingu msfafuaiesdsiioguaniiuiivasnantesiuagiiliianissunau
fuvesduannesradedlalls
nsRerraniatn1siesfuresaissdeasiinasesuiuaieddluiiud
ATBUARNNTITUNINTEAE Tyl nssmartsandestuiitesiuluasilideddsua

o | | a = X Pxy)
\A509AIlUlATIVIEANUNLRYY UNTUTURUNINANY
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2.4.2.2 UszANEAMN9AIUANLE

Tnssthennudiiies awelvgjanunsaliudnisainvaiegessienisinenis
Tpnudndnifieseuien safulassoauaiien Jeiussavsnmannninlaseienans
AR egaiuladn agrdlsAmumindoinisnisdesienisiivatevanelufiuiinunndiafiu
msldanuisunnsmsedmsunisasiiluddisndu suiugessenisdmiunmsdedingy
Trsetneaudiies anunsadsldegatostssuna 4 Yeesenis dnsunisldnuaieenald
1nd 5 930 6 YesT1ens nsadsanfiaiuqaven (Gaps filler) ilelviasounquitui
aseuAgudmiUlasatisnNAfied annsavildlneielnedltdesnsifiunsldnuaiiud

dulauisLfy

2.4.2.3 USLANSAINNIAIUNIASES
A5 191UlATIVILANDLALT UBNLUEBANNUSLEANTAINAIUNITLITIUAILD

wa7 Fain1sUSLANS AMAIUNISIdIY F9au1TaaSuelelagn1TRANTAIAILLTILT IV

'
U I

dyausuiinsnanasildsuniatnuludy g unuaaziATasas amTunITeenLuy

<

RS9 8 LUUL ALY gafuluiinsfionsananudidglaniziaiesduisy n1sUszay
mmﬁﬂL%ﬁ]ﬁm%"umiaaﬂLLUUIﬂiaﬁdwsﬁuagﬁuLUa%muﬁmaqmmiamqmﬁyuﬁiumi
29NANNIALAZNITAIUIUT Link budget é’aﬁ?ummﬁmﬁwé’adasuaqLﬂ%qdﬁuﬁudmﬁﬁﬁm
agslsfimuenisfudeaisaniaseufianie (Omni-directional) d1u3ulasstneninud
iFrmnudeanisvesdyaynaseneulufediutseneuresdaanadivainuats igndaun
PnAdesdvatnied el anuudsunlatazansmevesanuidudynufiunndieiy

NI0UAUANTENINITAMMTUYDIF Y AN LULRN AN LS U0 e d eyl AU AL TN YD

o d' | d‘ e‘l’dl ! d' d‘ t4 d' ¥

HyeIUINATENAIDY 9 UReranTENUveIALAGET0IN SR URUaItRENIanTDIAIN NN
dyga Wesnlasstisaudifiey awnsaldmdsdeiimaneasesdsle dedu Usyansaw
Y8IMFdeved Iassvigauiiigs Jadlanudidyd miununvigveuvesdyyiu lnggn

o

= 1 %

SUN19RT1VBN8Y09lATINIY (Network gain) dusulassvisuvuiuiloasuiunlunsiu

FuaazldIsn1sAumANLR DU S U UNILT NN

2.4.2.4 N1ISRIULUUEUNUSHU

N3Nl IUTEANB A MIIAIUAIId Az U TE AN AIMNAIUAILA
[ Id v [ 14 A ] a v [ o v &Y 1 al [y
duazresiliaIesdniasesdovinnuduiusiunislulaseig ety nsdssay
Audnsaluntsvinnunduiusiuty vniesesdzdoinisauaudfvisedis elanais
mold Tulpssinsuuiatugnisviaunliduiusiuluriaaniies +/- 5 lulasiundiagiinane

(Y

nsidenawesdypatungnaunn AUABINITTEINTNUAFIRUSTUTY Jnanseny
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[

nMsadyyInveIIenIsilduesasdinlinfeuiuluyniasesdslulassisainuiiien

Wiy NszezrnsiuvelusaziaIesdanlivnzanil azifnnissuniutesdygruiuedla
nsinunduiusveunaziasesdiniglulassineaudifes desludingg
wilvdyrantdlunisuegannislulassisanudiber Frnuwana1avesdyyIunITuen

waduaugiiiianissuniuiuszninuaissdimasntieiafidygatuiianuuaneig

[y

U

2.5 #@o1UlEINYAUaN
msldanuaniliesugauen (Gap-filler) vilaunsafududayaraduiunfidygyio

A

aa

Ala N1sNInsvirinIANUALTZUUATIaNIRIgIU DVB-T2 d@1unsasudyaialaainany

a $ o g va [ vy % N A = o § val a a a &£
Aty i lvsianadululadazasanniiasuyauendeasinlilliuss@nsamgaunngu

v v

dmsunssudanna Ineinann1saell waniuivesaand@suanuan aLluanea1n1FLuU

e q

v v

AN19SUA e N daLAT BB TS UINUEA YAIIINYINNITNTOILAE Ve a0

=)

=

gnazgniasilmiBnasilegldaunm uazgnasludeiiuiignuenves nsdayaiu

9

2°

o

&
N17U

D
anb

Milngdrenazgnuadauniudimatsnss egadlanain Sdedndndinsunisvene

randuiu lnadedndailas niswendgyralulisuniuduszrnindygrunsulanu

o

t:l' ! % = & v o v 9 Y a a 1Y) =
grauiazdseantumepaisoinia faduteiiinndesiliiinnseoadalatuvesanid

2 2

LE3UIAUN
annflaSugeuengnlidmsunsiiusnsmelusmiiiovnvedmiunsgadoves

fanandusgrmnnduieunanufiunatosnigluieins enuduvesduaiuniely

Fre1m g llldfidyamusarinfunteuendie1ns asmunzdusssdsdmiunsldam

anntlasugauon

2.5.1 wmsgudmiunseanuuudnliEiugauen

Tulpsstreanudper Janisesmnuaneslunisanasan diasusuliomnaues

1 o

n1stoundu (Feedback) 5213198y 1uNiIN1589990n91NLATOIAIAUAIEDINIANTU

dyaandnnvesaaniiasugaven deslasunisiansaiielinisesnuuudaaniliasugauen

o q q

a . dl 4

Usgavsnmasan Laeildannesiansandail

g}

o

- gnTIMTvEngasaniansavinlalilaSeuisuiuiuninseuagy
R
- aniiaseyeInIA
- LL“U‘UE‘UmiLL‘Wi'ﬂism‘EJﬁigz:Uﬂmsuaﬂmemmﬂ (Antenna pattern)
nsUsEanavesdyaaiiandiasuynueniinadolasaiignuinel argwuiu

AU MSTUNITEONLUUIASIVIIANUALRET ABIATID IS TmasaIsalUd

- anuhvensussananavasanniaiigauen
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- Masdsvesaniiiaiugauen

- anuludadu suluiansiindunesuegiatu (intermodulation)

1%

2.6 @3l

TuunillandndaninsinvednsvialnaiuAussuuAIaN1nsgIu DVB-T2 N3

a o [y ]

Uszaianavasdyaausunndmiunsdedyaian nmsdauunldnisuegianiiininuwnneig

q A}

[ [y

anewvulunioudulagldinallafiisenin Physical layer pipes #ann1sa319dey1as OFDM

o w o [ 1

wdhudAydmiunsddnsiriniaiuAussuuAIvialaglanzuInsgIu DVB-T2 5l

]

coa

L

e

=2 aa 1% [ o o (% 4 X a aa o

msuumau’gﬁmiaiwazgzywmmmuimmﬂumﬂwumuiwumwammgm DVB-T2
g.J/ Y o a d‘ v 5 ! a & o J

UBNITNUU 1@1«!’]Lau’t’]ﬁ’]EJ@%L@‘U@LﬂEJ’JﬂUﬂWiGNﬂWW’I'i'TiJLG]E]iﬂ’]MiUEJ’W]iﬁ’WU DVB-T2 n1%

AUAANNISITWasIWUNzaLd MU Saana NFluUssmalnelay nany asuludanusIu

<3

=

yaaszuulaseiedmsun saalnsiialaIan AN uAuTE UUATTANIASEIU DVB-T2 Fellag
aossunuUAe lassievanganud waslassearadees Ingluudassluuuvedasaigla
ssueiwtondeidssiulufssedvinmantusiaslasatie wazvnedn laegulefsani sy

AUBA harnaNNseRNRUURLANMSTINdmTUNSAnRsaniERuauen
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=),

un

%4

N1531809AMNNE U UIAUINTNALNANUAUISUUARYA

Tuunil d1iauen1ssIuTINEaNYRFILLUUTIEDY Wagngedmsun1sinsisnda i
L4

A7)
[

aa v Iy

nsdelnsiFuAIfanIAfiuAuLInSgIU DVB-T2 fdlddmsuinerdinusatull WenUsznau
lUaie nsiesevdyiatazni1ssunauandainaei telwaiuisalelunisuszidu
Uszansnmveslassiiensly

3.1 LLUUﬁ"IE’I@\‘]Iﬂﬁ\‘I?i"IEJﬂ'J'\SJSLaEJ’J
TaseenanuiifeadstuaInnIsuns NIy e duyme IR osEs VAN S oY
Imamséﬁagaﬁ%ﬁaﬁmﬁauﬁ’unﬂﬂismsﬁaamm?ﬁﬁmﬁ’u naUssleviandaanaiisuld
mﬂLﬂ'%'aa%’ummﬂmiiamﬁ’umaﬁaﬁmmmmmaLﬂ%qaaﬁgﬂﬁqmé’aLﬂ%ﬂ%’%@ﬂﬂiﬂﬂﬂ&
ALALAEY i’hm‘%aﬂﬁaagJJ'”Lﬂaa]’mm‘%'m%’UMﬂLﬁﬁﬂfd Fyanaiiundaeiesuasinnissuniu
fueanasnaefudyainsumuduidonnnnuavesnisussieaan dmsunsdeduai
memalulad OFDM msmuAsTnaIwesMsUssiadya udisule aunsavildlag

ASUTURAS LAY 998719 9N AN LA S 202 aNUIN NI 2L N9 TLAS B9EIR AR I BE

T.-’.l | Tu <

TR » 4§
Gl StEFHRLENLY U AU LATE®E 1
T, =
Gl STl DT E T AR T INATBE 2
1 I
e
il 3 s g Ty (e L Tt LR L PR
tanrlasiu (Gl)

JUM 3.1 msUsglaanvesdygnanassasesddlulassiganuiiied aglugisim
Uaaniu
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3.2 nsdendlwiattasiu
N3aalnviAlsEUUATTANIngIUY DVB-T2 Tdudendmivtiaiardesiuiie
atvayunislvnudmsunisesneimeiwinzan Useneulumediuddgvanassusenis

De
De

- 9sszegiataaiu (The guard-interval duration) T,

- gnsdmvesinadesiu (The guard-interval fraction: GIF) = T, /T,

dyaunmuaniuisisaailesiume Jenin T, Usznaulumediuues Symbol
e T, wazdmvesiardesiu T, dwanddugun 3.1 vuinvesiraianlesiuladed
ANINNIINTUTEINIREEAVDIANUABINTTVBIHUTIATEUARUARY QY NIAMUATINIAN
Uoaiu (GN) ievinlidesdygralunisdiliaununiudeaniunisalang 9 dausunis
unsnszanedye i lne T, Ae Yrsandesiu msdmusdraiainistesiuiu Juegiunis
f91sudenlduuinves FFT Meltuiy auguestayaaiand nsunsaeilavuegiueni
v A 9 | | ) = 2o o A - )
Wegignueignsndiuvestneialdeiu (GIF) Faninaduineuileninvuinves T, Wiy

1 [ A 14 @ ! ¥ g

agelsiinny nasidentd FFT Afiwadenissuniukuy Doppler effects Aag L1s1agUUNTS
- = o v Ay a .:4 %
\donvuInves FFT AlldiudAyiidasiansadenly

wanlannisidentdtisaitesiu adyaransulaeglurisiandesiu dyarui
Suldnninsesdimate 4 wsesnaedinanfiddlasludiuegrsgnies Taaglifanissuniuiu

[

521319 Symbol (Intersymbol interference: ISI) wadvndayaaufisuldiiundigaisian
tloaitu Aasiintlgvnissumuiusendng Symbol I duiugesfiansanisiaianueanis
UseAaa1vedyannainuiasasesdsdmsulasaiismuiiienfidosnsesnuuy n1s
Usglanafiislulaswiganudiies Lﬁmsﬁulé’ama"’magmﬁazﬁaui’mqﬁm q Tudawandeu
vadlastteanuiiien Sumsinedeaiudyaiaasteusns 4 Mnatuluiiuiinensyae
Ao ﬁ@ﬂ%ﬁaﬂﬂmmuﬁgﬁﬂizmﬂiﬂEJEWL@EJW LLazmiﬁﬁmmﬁ’wmmﬁama%ﬁﬁmmL%’;t;_jq
9819l5 AR éfm%’ugﬁﬂwLwﬁﬁﬁmwmmL%Uﬁ%laﬂélﬁmﬂmmmdwﬁiﬂaawwﬁﬂmwﬂu
Beaferfumsasieusndnoadwiseennsuny sunisd enldrvestisnalosiud
diodliinseunquamiuynaniunsaifienniasfntuls
miLﬁaﬂﬂ'WjNmmﬁaaﬁwﬁuagﬁwmmm FFT ednsnanuvestaanandasiu oy
annsaidenlddheasing q Fuanddunised 3.1 Tneagarandestusananlddmiuns

A9lNTNAUAINAMILVUIAKLUUAIAN 8 LINNTLETAT

3.3 WuUUIIaaIvasdy

NaveInIEMUS e nted awuUlEaed niumdanunisuldfiaiessu an
wuanduassdrunan o fe Naﬂiwuamﬁuﬁmumiwm (Large-scale) uaz AuiivuiaLdn
(Small-scale) ﬁm%’uﬁuﬁmmmlmﬁ NansEnufinaInNnIsiUasuwUaesseiudyaaisuld

a4 da X = v v ¢ LY d' A o o & A [
RASANVUTLDIIINANMUFUNUGVDITLEENAUAMNYNIAAU TUVUE NS UNUTNIUIALEN
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nansznulunissudygraninannanuiuriuresdygrunsulasuiewianszognig
WEUNAUAIINETIIARY AR UUTIARITABNANTENUBUNAINTAIEYDINTEYLAITIID
(Path loss) 5¥73191AT0dMALATOI3U (Transmitter and receiver: T-R) sl duiiugiu

A MSUNNIANUINLAZERNKLUUEIMIUNNINIZANS Y

dl 1 % 1 o - 1 -7 fa 6
A15199 3.1 Fraa1teeiu (G) Tunuie ps @mSuUtesdy1auInLUUAIAT 8 Lunny
BRI

Guard-interval fraction
FFT size | 1/128 1/32 1/16 19/256 1/8 19/128 1/4
32K 28 112 224 266 448 532 N/A
16 K 14 56 112 133 224 266 448
8 K 7 28 56 66.5 112 133 224
4 K N/A 14 28 N/A 56 N/A 112
2K N/A 7 14 N/A 28 N/A 56
1K N/A N/A 7 N/A 14 N/A 28

ﬁ'm%"uwaﬂizwwaaé’aﬁgﬁmﬁaw1ﬂﬁuﬁ%umiwyjQﬂﬁmﬂ%ﬁuéauﬂizﬂauiua%w
LUUTNADIN TSI MTUNITNEINTAILAZNTIATIIMIIINERR n1sngNTaivila
NNITFYASTRNTBUAUTZEENIE AUATINTIY0INTIAT 1Y oedeyayrauasieIng
aunsadweyagiuszimaunldlunisAuiu lAfimnaiisensdugunndetu wuld
mmqw‘?waqgﬁﬂiswlw‘%aé’ﬂwmzﬁuaqmmqﬂ,uﬁuﬁiwdwLé’umaﬁé’iyﬁmmdﬁﬂmﬂ
Apsdsinainssy aruduiedsvesdnniuegiuniuasdavestoyanivsemadils
NF1UTYA ﬁ’m%’ueﬁayjammaxL%&Jmaaﬁuﬁ%agﬁwiw 50 Agd 50 43195 Uag 1,000 A
1,000 193

dmSuitufivmndn fognagu 100 ABd 100 tuns anuduvesdyaisulday
ﬁﬁuagjﬁ’umﬁmﬁsmu:daqquﬁaﬁzmmﬁuﬁﬁlﬂﬂﬂa (Terrain irregularities) ¥ lALAAN1I5319
vevesdyaduiionnainnisuats (Shadow fading) wanadafildnisiasigsinig

Wasuuwlasdl Tnevaldannldnisuanwasuninigdaen (Log-normal) A9ty LUUT1ADS

[ =

Posdeyyrudgnlddmiunisussunanndevesdyg uniulanesesiu warn1sanaig

[

Yasdaruanasrudutuudtasdasndnnisnisadanaziiug e lgluniseiuiu T

EYEYEUE)
el

N84

Y

Ao vy a o, &
e uAsula B ansadeuduaunislasadl

P. = M . 10%i/10
L

=
p
= P.- 10%/10,
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Tnefvuald
P, A AAdI00NNAWDINANINAUEN (Effective radiated power: ERP),
G, A SnIIVIBVDIELEINAVDUAS DA,
L, Ao Msgayididaifanniadesddluduniassufignneinsalarnuuudiaes
NISLWINTEFYY I,
G, AD PRNTIVYIBVDIFIYDINIANIATY
{ AD LLUUﬁT’laaQ@hLLU?EjJJLﬂ’]ﬁPhLQ?iIEJ@uE? (zero mean Gaussian random
variable modeling) 7834M15919W858Y 9 Fuvtiavanaiessu Sumiedu dB

lngArasidluauntsi 3.1 B gnlvenedaane Fausenda Mdsuniulagiadeluiui

(Received local mean power)

3.3.1 nsweansalataaeniasnunsuldlununnissudygyiu
Tugr9aMRuIN TANSUNAUDITNISUINUIYAINSUNITUTEUIUAINITNENNTAINTES

muﬁ%Julﬁé’mﬁaammﬂﬁuﬁmﬁué’zyz:gflml,wwi’m 1 flesnnmnududouveninanuii
LAZLUUTIaDINITUNTATEAIUNISUNSTIA (Ray-tracing propagation models) i1 lA Ny
YAINAAYOINITAIUIUAIBITEDIMA LUUT1809989 ITU-R [35] TAUL@UBLUUIIA 09615
miﬂizmﬂé’ﬁymmiuﬁuﬁﬁm y %agﬂwﬂwé’ﬂﬁm%’umiaamw‘umm‘wémzmaé’ﬁgzywm
AR Ing Vi

3.3.1.1 WuUd@es ITUR [58]

38015909 ITU-R Idirfiufigdvszimannldidusiuusnieada Tnod
W1513A0T AD AINNAIVBIAIERINIAAIUEAL (Reers) LLasﬂﬁammgqﬁwaqﬁuﬁ (AR) B
am1iaﬂwmﬁmmﬂuﬁugmmaﬁagamﬂLﬂ%qdﬂmé’qméaﬁﬂmaLﬁ'uﬁqLLUigmsﬁagamaa
dnuwazgiivsymasiuiuiuusiassmsneinsalnnuduaualviih ey dBuv/m
Huiladduvesszazmenniedosdeiiszazynssening 10 Alawns 8 700 Alawns auyadn
ERP iU 1 kW uwsnszanedyqiufeanseiniaemilalna uazfionsaniianiugs Ak
Wiy 50 lns lusgegniesening 1 Alawes 8 10 Alawns MIUsznamLuudadugn
117 1dulAsreIn SN nIzaned gy 1ati@uoA1AILTNA Y UEITU 50 LUDTIEUR
vasitudl (L) waz 1 Wesioud, 10 Wesiwusd war 50 Weodwusvesian luitufidmiugag
Al 30 Wnneldsnd 9 250 wnngidsad (VHF) uag 450 wnned3nd 89 1000 Lwnng
F509 (UHF) Ananuduawnalndindmsu Ak whiu 50 wes imnuunfuresiiuil 50
Weslwud annsalviduldefignieslugia Ak iy 10 was fa 500 was Aanamndu
dmSunuil sz 1 wWesieud e 99 Wediud Mduadsiiniessuluituiiaise

N3 ANAIAMUTN VT Y IUNLATITURINENNITN 3.2
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_ E? ¢ G,

_ L€ Gr 3.2
i 120m  f?4m’ (3.2

AAUA A
E Ao ANadsvaIAUTNEU WA Tvdedu v/m
A < a 1 I~
c D AANULILEY HuULdU m/s
f Ao Aud Suhedu Hz

fatuns AU ARk UUIIa0Y ITU-R dmsuiiasnueasnlasuluiuisang
9 @wsaAuIMlanINELNIST 3.3

B. = (P, — 30) + E[dB(uV /m)] — 120 + (G, — 2.14) (3.3)
+ G, + 10log(c?/(480m2f?%)) + 10

[y

w‘%ammmLs‘ﬁaumingL?ﬁ'au%ﬁﬁ5mwu15mmammiﬂ7i 3.4 A9l
L, = 142.14 — E[dB(uV//m)] + 10 - log(c?*/(480m*f?)) (3.4)

ALULUI97A ITU-R P.370 dtaustdulAsvosnsiddiniunissuaie
21891n1ANAIINEY 10 Wwnsanfiuay eg1elsinin dusunistiuinisnisunsnszany
&y uU DAB waz DVB fissfflsfanisiudyganuuindsuinig danfen1ssudyeaiu
d‘ ay v [ Y @ Y PN 1 P 4 a
1ANUgeEIEeINIa 1.5 wng #afilaainnisasadawanddviiuidesiiudunluiigndesdn

= & 1 A o [ o [ [V d' a o 1 v
10 dB Fulugundndudmiunisudyagrauuuiaieun seusingeglumeuganieves
Aun1sN 3.3

3.3.2 nﬁiaﬂawqa%aaé’mumﬂmé'uLﬁaammnmsgnmﬁ’e

pwiildnanuudrluneudiu naainnislédeyaienfugiivssmannsanlunis
fuasilildnavesmumanrateve g wudisuldnuan ity q Jufedoeiu
mimwnaﬁuaqé’zymmé’uLﬁaqmﬁnﬂmsgﬂumﬁ’ﬂ KavosANABLLUaIvBdyTiSUld
puaniuisng q 4 MWnsuanuasnfdaedon (Lognormal distribution) Inedasiuene
ﬁuaqmsumﬁ’mammaﬁwméﬁ"sl,mﬁqmLméﬂ"}La?{a@uééhamﬁﬂizmaﬂmwmuﬂmmm
AuULJU (Probability density function: PDF)

_ 1 —x?
fz(x)_\/ﬁa( eXp(w) (3.5)
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AAUA LA

o fe ANT8AUUNIATTIUYRIH Y IUNNMNEIINNTUATY

sty Masunsuladinadududsuuudenund Wield w ludongiuduves b,
9zlel W = 10 - logyo(PB) nsnszaremumuwiuveseanuiniuves w uandluaunisd

36
f(x) = — (_(x_m“”)2> (3.6)
X) = = ex .
N N PT——_ 207
AMvua s
Oy = O¢

my, = 10 - loglo(ﬁr)

dmsupnudenvuiosnnsusiuiegldendonuumass iy o, viu 8.3 dB
Tnauuzihlmldaddmsunsnunuesnuuulasitianisliusnissuvweurasnlugu VHF
waglii g, iU 9.5 dB dmsugu UHF [38] og1slsnniy nsinnisunsnsyaedoyein
Yo IUAITREMSULULTINY 1.5 Winnwidsnd 59 8 winnzdsad Jundnsliidiuing
AnuUasunlasvasmanudonunvetanuduvesdyginndy o, wiadu 4 dB f1 6 dB
Aanandluauise [39 - 41] TnsanuRenainlunisneinsalves B, Sanadudiuddadmsu
nsfumiiuiiasouaqunsliuinng lusuide [42) uanslifuainud dsundases
amnufianaIalunsne nsaivesnIsn sz uUUdoameandouuuIAIgIu o, Wiy 3
12 dB ImaﬁﬁuaQﬁum’m?ﬂ'aﬂﬁlwuﬁﬂamm'iu;wémzmaé’cgmum wiuluswidy (43 - a4] la

TAvindu 5.5 dB dSUMSUNSNTE MUY QUIUAINALUULUUAIATIAIS

3.4 walulad OFDM
lumalulad OFDM gnuszgnalddmnsunisdelnteyadnuiuumenaludnsidnid

Y
'

a

ANNSIGS BegnueguanmieiuaudgesduuNInuefeglndlntuuinfianltaelaiinig
sunuiuseninmud lnganudgesdnuauuntu agvibinsvuaedeyaniidnsanus,

'
|

JaNdnasmennud sadsulanuaunish 3.7
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o Ne—1
sO= Y > alge—iT), 67
j=—oc0 k=0

a

P [ 14 1 o v 6 a =& 1w
Wafmualy g, Judyganiadsunmaeu (Rectangular pulse) BaAue1viniy

e/2mkt for0 <t < T, (3.8)

0  otherwise,

9® = {

MuuaLA
N, Ao uuANNDYoY
a’  fo Symbol Yeyafleguumuiies k sxninagiauden OFDM jth
T, AD 52821287099 Symbol OFDM
T 717 - ey M AN 3 LTS\ .
| NaNeN 1
i | | t | | i | ]
I‘ ] | ‘ 10
| L\ |
| PR LM
| 1 ]
R 1 A
| 1A {14
Xﬁ-l:t:lﬂ._-l' | ’,'
| b |
| ' F vl
} | a |
{ | 1} |
{ 4P (1
| N
|
| i | | '
N ) AvoEiiniAlAl
& B 2 a G a8 10 12

5U# 3.2 anasuves OFDM AN o fu 31U 5 A [1]

nsUsEynAlddyauiadsUamasLinld Symbol

1% =

yey 3 magagmwnaammnmmaLﬁsm

=

[ 4 Y 1 ! A ! a J & o v 6 a a
LENUBY FIRENNTUY fi = f; + k/T, AD AIMIIUDVDILABSAGUNIN deyaraunadiUdtasy

anlddmSun1nsgiuves DAB wag DVB [45 - 46] uana1nil 1H8I91nN151heNnf188n31N

= ¢ & v o § vax = ] a a 4
AAUNINLANUBDY ‘VI']GLVT’JﬁﬂTi OFDM Mﬂ?qﬂlﬂmaﬂﬁqumﬂwaqﬂV]'NﬂT]llﬂLLa%ﬂ'ﬁflﬂgﬂ'ﬁmﬂaW

waes (Doppler) [47]
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AUAUILUUVDIEUNATUAISNUY X, (F) VOIUAAEANUARAAUNA fr, = f- + k/T,
Beulanuaunisi 3.9 uasuwanafaguil 3.2

sin(m - (f — fie) - Tu)r (3.9)

5= [5G

] U d‘ td‘ [l 6’5 (% | U
dmTu OFDM Adun1vingnuagandzegluguRuUYaINITAIRINGY S88ER19TEnINg
a 1 5 I ! v [ [y 1 g v J A 6 & a =

AudwatududIunaUTRIAULAZ AUYBITIe Symbol Ny urazaaun i ludassds
Autaziy fewdnaunasumantuaziiudoudululamuaaud wasIuAIUUILLLYY
aunasunaunYes OFDM ABHATINYBIANVUILULANATIYRIMNATUINY

AITTUANIUAUTZIING Symbol SULUBINIIIANATBINITSUR QY QI UL UUNAIE AN
v lvinaaudRsenindyaasslimiloudu ivegirsuitagmviil Yrsaandesiu T, gniiiu
wWrnneululsasdyginl ge(t — jT,) F9989288ANDUN1TIUNIUTZIAIN Symbol Taenis
goulduaazwasnunvasseenuiuisdiu Tnsaunsaliouaunts OFDM lalnaiasil

0 Nc—l
s@= > alge—iTy), (3.10)
j=—00 k=0

[

Wemvuali T, = T, + T, Waggusnwesiad g’ anunsadeulasiail

g’k(t) o {e]'ZTL'fkt for0 <t < Tu

0 otherwise. (3.11)

LU999INVUIAAIUNATIVDY OFDM Symbol Hauialng) nndaunniuroin1uning

= ' A ] . | ) | = a
Yaa1uE ludiwvesyadunan (Main lobe) YasaumuuuualUNRTUYDLAar AN
YUIRLAUNINABILYIIVDITLULTINTENINANUD AaLUAIUBUIBLLYIasatUnesudsli Tdanag
Frne UL UUAIANIUIALAN

3.5 LUUIIADINITIUNIU ”zy,m'lm

v
1%
o

AuanygNldlun1sTTANAMAINYRLULTIaeY A dnsndudyIfaINITHe

o

fEy1aITUNIU (Signal to interference ratio: SIR) d1usun135UdY g 1aumIlATIINEAILE
W) aun1sdusu OFDM WWeulaniuaunisi 3.12

. t
Sp(0) = She a1 <t<T,, (3.12)

ANRUA A
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(0) o~ ) a | a &1 o | | <
a, A Symbol magamawaquuﬂauwmaaa k 32913199 19L3I87UaN
OFDM # 0™

Fuaruvareddfmileutuiunisndediasorniasulunaifiuanseiu ns
ASTANEMIIRANHaTinaNNanTE VAN dosas fe msnsraneiilosannisazTeudaans
U3aue3edu wagn1santvesdyandntesdiinenedesdsfisnaiu fesaindaeeany
nsesuden T, = T, + T, Tulasstneanudidendannunienndieseuiisuiusssumi
YBINTNITANIBT RANTLNUIINMINTFAEMIIAMLEITUTRTNaLiendndes do
nMsfudyanaminaiesfuansadeuldmuannisi 3.13

N
r@ = ) 8isp(t = 1) + 2(0) + () (513)
i=1
AUl
2 ° d‘l & | a o
N fio DA oAIINAlUlASIUNEANDLAEY
T Ao ATN15UTEINIAINITUNSI ASEANLEUYIUINLATES i bUES
LA3095U
a ) 1Y) vy ° N ' a ¢
5; Ao Gn31ve 18V uBIAINKULTIABY Gaussian ARREFE

AINNNSUTLUIARNAINNANRAYNEIU

z(t) A AINIITUNINIINATEUBNTNIAINTATIVIBANALAED DU o Nl

d' a %
AMNDLREAY
n(t) A9 dygiasuniu
P.; = E{|6;|%} = P, ;- 10%/1° (3.14)
ARUALA
P.;  fe masunsuldainieiosds i
¢ Ao LuuTaewUTaNdALaiuAuY
16;12 @D AINISIMELTLDRINFIWINR 0N TUNUN

¢ A

Fouaaunsula r(¢) 1una1n OFDM wegiawes auyRlmasessugadasiuddnayind

= o d' a

Sulasufadyaanuntaadining 9 wau N 8 N Feeglunegludiaianlesiu wineu

AR

< 1 1 o a a v [ A v a1 LY
NUAUIN OFDM ﬂ?ﬁ%@ﬂﬁ@@’]ﬁdﬂLﬂﬁﬁULLUﬁﬂ‘U’] AU IIFYUNUNEVIUIILUATAINT

'
[ =

5ENI9Y1VEN OFDM Teeduanansulaannainuiges [48] falandnuaunisi 3.15

A

(3.15)
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No—1 No—1
re = [HK) — 6' (k, K)]a® — Z G'(k,k)a’® + Z G'(k, K)a® + 2 +
1=0,l#k

e H(k) Ao Hendunisanelouvesnduniviges k

—i2mh—L
errkTu

H(k) =3V, e (3.16)
¢ PG00 — 6
G'(k D)= 3.17
(k. D j2r(l — k) ( )
dlo G (k) Ao Hedduntsdanuyes N e N*
2k

G(k) —Zl 1+N+5 T (3.18)

Gl yiymaﬁmﬁ%ﬂéf r Usenauldivaetdiu fe diudwsunisldnulunisdadoya

(Useful part) Fswuatadoya ol wardiuvesdaymrausuniv Fasawludedyinsuniu

el dygrasunmunisuen dygiasunmunislutesdygin wardyyIusunIuTening
Symbol ImEnqﬂdfamaqamagmmumammm gluthwandesiulasameludnildnul
Y o [ ' = < R A & L3 1 ! A o Y a

nsdedaya dwmiuludiuau 9 onalulansdiundudseleviuasiludmviliminns
sumudeyaals

FM31dIUTENI AR LA AUADIFIUV T Y Y1 TUNIUGNUILAUD AL AT
SR 91d2UTENINF Y IURNITTUNIU dydneal Ao T Felddmiuinusz@ndninvag

A [ Ay v & A Y] a

ARV IANLANRUNAR 9 LanIFIaunIsA 3.19

Ef|H (k) — G'(k, )|*}

£ J , (3.19)
E{IG'(k, k) |2} + 28, . EUG' (k, DI?} + Zo + Ny

Weauydli E{la]?} = 1,V L Ny Aie Masnuvesduaasuniunigluesesu uag
Zy A9 N13IUNIUAUTZIINTOIF QYo ULDININLATeIE0U ¢ Tulassiieanuiiien 7

Tgudananudifentu deanusasulaeanni1sa 3.20
N+E

Zy = Z P (3.20)

i=N+1
Wy H(k) waz G’ (k, 1) villuaunisd 3.19 axldradees SIR suaunsi 3.21

u_ YLy Pw (T — To) (3.21)
I ¥X Pl —w(t — 1)) + P Pr; + Ny '

=
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e U uag I ﬁadaumaqﬁwé’muﬁ%’uiﬁﬁ%mmLLazﬁwé’mumaaé’mmmumuﬁ%um
sy feidu (z; — 7o) Mardudnindstusgfudismeuiunsuuuuranaiosiuuas
sUkUUNIRATHE [49 - 51] warilsddunisuseiaiaivesdyain 1 é’mﬁ’uéﬁ’wméuﬁu
NIOUVBINTATIINUFY Y T dmduilaifushmin w(ar) aansifeuldnuaunisi 3.22

( 1 if0 <At <T,
T, — At + T,\?
w(At) = < (%) ifT, <At <T, (3.22)
u
k 0 otherwise,

e w(-) Ae T, dwi¥u DVB axdidvindv 2T, [49] dyanaisuldaniaiosds i oz
ogflursilldnuauietaifyynsuniuidoudinss ey lufsantn ndsruimunlutaed
THnuldazduduiing p w0inseunafindessunenduaiald anuwiugivenis
Falasludiaranlaannsunas Symbol lunsauves FFT @msun1snsaadunisdslasiug
pesuagld Symbol ﬂmwﬁwgﬂmﬂm dwsunmsdaasiud Symbol azldidunaeidmsu
M SIR gean LesesiuspadoniaiaufuvesnsauNssuIINdY R AATin LT NN TIgRazsh
e nuresdygasumudaniosiian waiiBududBeninanarndwiumsidasiud
ANE81NYDIN58elASludNFendn Pre-echoes uay Post-echoes léifin1sesuslily

LONA15019949 [50]

3.6 N13IATIUAGYEYIL DVB-T2

3.6.1 N150159380UUTEANENNVBINTTUNINTZAEdY I InsTIAlsEUUATIA
U1M55 1 DVB-T2

Uszansaanveslnsitriniaiuiuseuuiitauinsgiu DVB-T2 ludiuvesnis
LLWiﬂizmaé’zy,zyﬂmmqmﬂﬁuau lﬁMWQWﬂﬁugwumaﬂmiﬁmammﬂLLUUf\T’laaumw‘hmi
Usunrailoasradusasgiues DVB-T2 (51 Taeldiwuaisnsliai

- MMueRMAN ¥ YBIRId MM Ud S ULVUINaadluNYAdeU

- wanIveaeuUsEAvSanvetuUTaedluusardiy uanddiiiiuialsgansaind
Ihilenssunitsufumanuquesnsdesiudeyaild

- wamIveaeUUsEAvEnmvssuUTaesdmsunsgapdetiosiigndiniunislday
whomusiilelddesdyanauuy Rayleish dmiutesdanaludnuasildnaaaudmsy
Tuduwes BICM ity

- wansnadeuUseanininveinuuiiasnfiensiaaeulszansaind sy
Yosdy Iy TU-6
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- LU‘%&ULﬁaUﬁUNaﬂszwuﬁLﬁ@%m‘%ﬂusciaaé’ﬁgiymﬁ’umamimaaumﬂLLUU?SWaaﬂ

- NANINAADUUITEANTAINVDILUUTI8IEINIU P1 d1%5UNITRTIATULAL AT
nOAINE

- HANIVAERUUIEANSNNUDILUUIADIVDIAYY M L1-pre kg post

- NanN1INAAUUTEANSAINVOILUUT 1809 vRd ey el Ll-pre Lay post Tu
YosdygIuuy TU-6

3.6.2 WUUINADIYDIA YN

3.6.2.1 na171n
Tusendnemsnmuszuy DVB-T2 Auunnssvestasdyaiagnldlunis

ai1auwuuTaeuielanINavelsEanSA M 91NANTNEINUYe IRy aly DVB-T MN1uan
lpvimsiugluuudesdyaas dmsu DVB-T2 Tngguuuudesdyarniignidenuniu wiely

'
(VY] =)

Tunisasragevusednsnmdmsuiaulanissudyaiuininedau desaulidenissulu

o

' 1
= )

sUkuudmsuNsSukUuegiunnITiukuuLAfeun wieulinsenin1siululuunlasedng

AN azluua MISO

3.6.2.2 YD1 UU Gaussian

1%
o

N YMEHALIH Y 1UTUNIUIUY Gaussian T9QNTIN
al
i

]

LUUDIADIVDIE
£y

Tuiudeygu TegludnisSudyaanuunaie?

3.6.2.3 YOIHUYINLUU Rician
N5MYBUUTDIYRIFY R 1YY Rician gnAmualiluaudnuaenissy

[

1adues DVB-T lddnsunisesureeulanissudyyiawuvegiun dmsunisiu

'
[ a

al
Touayraunuuldangeiniafndsuundianedneueneinis Inedesdygyialunissudu ldla

[
LYY SN =

FuNavINIstAnAeUlNaes At Tagsa uklsUsIuludesdygyiu Tne

YosdyQativiaNn 21-tabs

pox(t) + XLy pie™/Oix(t — ;)

y() = m

P o a (3 o [d
x(t) AR FEYYIUBUNVILASLDINWVIAHAIAU Taewmanusnidu

(3.23)

AMviua s

Fouansulalaense
y(t) fe dygradunnuazionivmauaidiu Tneweounsniduy

Fyunsulalnense
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N Ao Srunuvesduaztoulas 6; Ao watihudsuldvesnis
NTEINNILALVDIFYYIUALIIUIUEUN ith

i AD NIAAYIBUVDILEUNY ith

T AD AMUTEIIAVOUAUNIN ith

[

AN Rician factor K Aa8n5181uu09n1819unsulalun1awmssdrusmennngs
P Ey) P v ~
Nunsulaannnsasiau TnewanInIuauniIsn 3.24

2
e - (3.24)

N 2

Tnevnleian Rician factor K = 10 dB Alaaydaaunish 3.25

) = /10 P eia Yofy (3.25)

3.6.2.4 Yp3dguuIuUU Rayleigh

NMFINIBLUUVDITBIFYILUU Rayleigh %aléfgﬂﬁmuﬂl’ﬂuamé’wmz
%99 DVB-T gﬂiﬁiﬂumﬁa%mEJL‘ﬁaulﬁumi%’Ué’zymymeULﬂﬁauﬁﬁ'@ﬂwaiuLLazﬂwﬁuaﬂawﬂqi
Tnevesdaanissulildsiunareinisiinnounasy fudufaiasanfissenuulsusiu

[y

Turesdyea Insvesdygruiinanin 20-tabs

N
y() = k Z pie 0ix(t — 1)) (3.26)
i=1

AuuUAL
x(t) wag y(t) An dygyndunnuastevinm 1oy K As aun1si
3.27

(3.27)
/Zliv=1 pi?
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3.6.2.5 YoYU INNITTULUULAGDUN 1ATFIU TU-6
YoIdyg Ul IELNNll AOANYUYIDINITSUSYYIUNITENINTE e d Q18
aanufuluaguvuies lngfvuanuannsgiu COST 207 Fullguwuuiiednu TU-6 lag

A5197UNNT2A8AVBINTTUTEIIANFURUS AUAIA1d9unsUle Ineauansuvaanis
a ¢ a
WNAADULNADS LAAIRNNANNITA 3.28

1
K(f; fp) = m (3.28)

3.6.2.6 é’mﬁmﬂmﬁugmtmuaauﬁuma 0 dB Echo

Wudneasmssuduanasuuiifswaosdumariniu Inausazidunis &
1l . 7, way Af; $9f0 Anuuswesdam, AmsUsEia uaganudiideussniy
Suilosnanduma @

ANTAWes ‘A vaneRsan g andediu dvtiedu ps

3.6.3 UsrANSAINVBILUUTNABIAINIULULAINYRIF YIS 8 lunnedsnd
nsUseiiudesdygnaudmiunissudyasaznistslashsifiauaysal lifinng
sunumalaty gndudunadnsldainnisaaoy Tnsnanismaaoumaiinanly
Y04y LY Gaussian Rician Rayleigh 0 dB echo wag TU-6 33ldarnn1snsivasusn
BER #8910k 1uNsuAluauiianatnaie LDPC azaosfianlitiy 107 was BCH lifiu 10™
iielinadilafianuindsienniign msvaasuLuudaosazaiunsnaisnig
aosdoulagsil
- ﬁmmﬁmwmﬂﬁwqm 100 #5371 FEC block
- fimuRanansasdnan 1,000 afsdwiunmngany
w157fines OFDM wea DVB-T2 Aldlunsyaaeunuudians gnidenainanuduly
¢nunasgu DVB-T wisidimesiuariide FET size 7 8k Tngldhanantesiu 7 1/32 uas
LuUAInInAY 8 lwnnzdsad tnaidentvaanauniund luildldlvuanismyunsuaina
iy way PAPR dwisunmavaaouiiauilimnogsoglugauai foghadu Bosweanisds
laslwiwdunaznsussiiutesdyginlugauni
Tuwuusraedd dyaraildlunsddalldsudyaa Pilots way Symbol #ldluns
Sudu (PL way P2) wardaUansy (frame closing symbol) FauA1ves CNR, A59%E]
ANYNHBIdIMIU FFT size uay Pilot pattern mudilioSuelilusided 3.63.1 a3
Uszanaailldldunavesdosdyanaiiuiade luded 3.6.6 wwuandiiiuluseaden
naly
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3.6.3.1 msuflvanlvigndasainwavasnisldau Pilot
A1 CNR, tJuansudundsldlasiunisnaneusisindu CNR Liesannnnsty

31U Pilot lngnan1sanveuiliiaduasiusgiunisidenldau Pilot Pattern lngkaued CNR
Alaluvineanazlaann nsawinlaen1svnwe Agy Awandluaunisin 3.29

CNR = CNR, + Agp (3.29)

1neA1 Agp MlAANENNIN 3.30

(Ndaata + Nygp + Ngp * Bgp + N¢p - Bep) (3.30)
Nggta + Nypp + Npp + Nep

App= 10log,

Mvualy
U LAaveya fie OFDM Symbol

Ndata ﬁ@
fim 9uauiilaly Boot Pilot ie OFDM Symbol
8

NNBP
Ngp — A® 37U Boot Pilot (scattered Waw Edge Pilots) #o

OFDM Symbol

A o o o so (3 a1 0w

Bgp  A@ A1619983 Boost Pilot Ndwiiusiu wadveya Aty
Adp

Ngp A8 97UUVD9 Continual Pilot #ia OFDM Symbol

2

)3

o v

Bep  Pi® 419799 Continual Pilot Miduiusiu lwaaveya did

1 U 2
Wy A%,

aun"37 3.29 uaz 3.30 191 Symbol Tayaluuund us P1 P2 uazdoya
dmiunsUasu gnesnuuuinuldmdenuiiguiaiy Symbol wuuund (Hauuaneing
fufies 0.1 dB) fauaunisseanunsaldldiu To-frame A1 App ¥9E5¥11319 0.29 dB -
0.53 dB Tnefladunssmiuseningdi FFT size flumnaes Scattered Pilot Pattern PP1-
PP8

3.6.4 wanliann1suszanaAdasdyyranldnuaie
HaNlaaInkuUIIasIInitefiIuN1vinliRaveIn1sduTi vgIuInIaTuiiaAy

auysal Usaannnissuniuludesdygia Jadufisnisgaunivarliausaldauasld
Tunsldnuass wsessuiinnuvainatelumsujon egrslsfinig seahunfiansanin

aglsvgliinavainisiulndifsaiunamavenisgauniniglianiunisalsing 9
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&

wiseasulumaulddmsumsiudyanalvlamiloudu Aouamaatu Ngnasun

[ '
v v v =

satudyaansuldausadnUiouiisuanudululivesge rsuamaatu fig o 1inis

A

ddlu iielvinasuanunsasuteyaiigniowesusazivad damsivegainesanuusadya o
fifuldvaudazivad auanienisusyanaanIsnovaustedyyIa S1n15UsTIIuANT
Augneeawiug (llanuiianaiawazlaifidyayiusuniv) ﬁwﬁaﬂ%’é’w%ﬁué’mmmﬁgﬂ
dwnuaniudyarasuniuiiiiudhunfudygnansuld

TumauFiR msussanuaiinnugenduieanainanullauysalveanisudly
waznIsAnAITTUNIUA QY I Pilot miiumuﬁLﬁm%uﬁﬂﬁlﬁﬁaaﬁzyagwmlaiaugiamazﬁ
aalifudadu nansznuannmsuszanauailiauysaleziinaduegsunndegauu aeua
waladu Tnslawzesdsludruvassmuemnaniidudegiily egdlsiniu nsuflals
Qﬂﬁaaﬁu %mmmﬁﬂﬁﬁ@iaLﬁaﬁmiﬂizmmﬁﬁﬁg@’]miumﬂmimﬁiyiymgmauL%’Wd’]
Funansznu Frmnliflaunsmendnmansiidamnamanzaluniseualdduy sl
ansamanalunsmanwgydsUsansanlutesdyna uazliaunsamendigndes
I

ot19lsAnn nsldautead Pilot Tuszuu DVB-T2 Taesialy astiind1dsgn

¥ o/

WisuWeuiuwaddaya Famuneninudl dnsdiuvesdygiansulddiumedyainsuniuy

o

S Y Yo PN ' ¢ v | v
Mpsesdu azlasumsudlalaananuinnimsudlulagwandesa Yesdmaalunsiniuag

T o

T4wad Pilots Mgnasaunsnidun wisldlumsuszanadidesdyaadiviuwaddoy

Tenue FanasuniuesnsUssnamdesdygianJufliituresmnfinpnuusaves
dryeyrad Pilot waznisesnuwuuwila augﬁdwmmfﬂmé’qﬂa'nLﬂﬁauizﬁuﬁwﬁqmaﬂﬁmmwm
iumuﬁug’mmmé@mm Pilot %Q@i%ﬁﬂiﬁmﬂé’ﬁ]ﬁﬂ’ﬁsﬂEJ’]EJ“U’eNﬁﬁyQJﬂEUiUﬂ’Ju fint Faty
0 finr < 1 @0AARDIAUNTANTEAUTBIFQYIUTUNIY augmﬁﬁagagmsumugmﬁmLSW;LJ
Tunniwadviewad Pilot uazieaddeyasenussiiiniy duduagaimisanal SNR lu
dnvazdnIIdIumasULUUTREudmSU e Toya LagnIsdonuNIntutdyy e

ANSUTTUIUAT AIEUNIST 3.31

_ (A%p)SNRpata _ BppSNRpgtq (3.31)
SNRChannel—Estimate -

fINT fINT

NN1TUTTUUAIAS LTI Y s unIuad [l @ saUszunual SNR
6 ¥ dl o v % Y v d‘
voadveya Minlvaueaiulanaunisn 3.32

! = ! + ! ~ ! (1 + leT) (3.32)
SNREQ—data SNRdata SNRChannel—Estimate SNRdata BBP
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aufilinanliudatnediu Agp Ao nansznuan Pilot boosting UuAILEUTLSVeq
SNR sgviamaddeya uay SNR iavun udsintuntsimunfudsdmiunisudlasiely fe
Apcr FatiuagldAamunves CNR idoanisdmdunisldauass AsUTEUTUANE Yyl
Tumuimj'mﬁmqmmmmaaaqﬂléfﬁqammiﬁ 3.33 Ay 3.34

SNRgqtq ( fm) (3.34)
Aprr= 101 ———— = 101 1+——
RCE 0810 SNRrg-aare 0810\ 1+ Byp

n3fIMUA By rgaitmualagn1sidenguinuy Pilot pattern Faazlden 16/9,
49/16, 49/9 F3ldarnnsiden Pilot pattern PP1 waz 2, PP3 wae 4, PP5 §9 8 m1uaisy
fiNT G?Tuagjﬁumiaammiﬂ Tupnaduadslamvunetdmaudmsunisasunlasiuns
wadnelsagfisaumasng q waniuludnvae 2 ffves Scatter Pilot Ingazaanndasiiu
dmumavesmuiesmudluiivas Fegiuuuvesdedsagltiflssdnde Tnosudnly
Tuaunisdmsuavesnuiuaynsuiludans

AIUNENNIS N150BNLUUAIINATIENIAY/ WuUNAIAY (A wmsuaanud/nsufily

% o

Hamsn) IanniswSeudisufiudesniaues Nyquist PRI T TV or CRUITSR e ERRTSATRIR
A153UNIUILANAIRINEWU 081alsAmL Pilot patterns Mignidenazdustusiudn Guard
intervals 7l iielwarunsaldauldnnalddaditaves Nyquist Saeiidyamsuniusiun
wazamsovinliussanalagniziiluaanud tiuudasuiuiieninauesiaaielnls
Fosdayaeuivanga

dieldnsudledings Gaaainagldsunsudlolusuuidadu Faiussloridmsu
MIINTVEBURIA Y IUTUNIUA MUYy Pilot et

d1115U Pilot pattern 7l Dy = 4 (PP1, PP3, PP5 way PP7) azviliiindnsivensves
Hoyyausunu (1, 0.625, 0.5, 0.625) %aﬁ%aﬁé%aeﬁ 0.6875

d113u Pilot pattern i Dy = 2 (PP2, PP4 uag PP6) 289N lALANSNS10818UB

Toyurausunau (1, 0.5) BaAaaeazegi 0.75

3.7 Heiduvaanasilassdreainudifien

sULuunsdaasuulsans wiadu 2 Usean fe Yesdygaunuuiusey (Flat
fading channel) wagdodayeyrauuuudonaanud (Frequency-selective fading channel)
[52] dwfutesdaauuuuuiEey amnuLswesdyaaiisuldziudsuulamiuna vie
FunBneg19nTeInN1FIELUVLULANT1S Tnediuusenoudig 9 189AURSIT YN
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Haarareme nMsenewal aansasandidiuldlaglnesunsuvesnisnszareianig
nan Fsaunsaldnsatnnisnszanefimianaivesdyganuunaields n1snsiatnnis
nszanefvesvesdyyrmauisaldlunisfiasuinasiveslaseieauidier laeu
nevaueduiaduestosduyaaannsadeuldnuaunisi 3.35

L

hs(t) = Z @6t — 1), (3.35)

i=1

AuualA
hs Ao NaRBUAUBIDUNAEURITD Id e 10U
L #e Siuvespduastion
a; A8 ANDNIINITVYTY
5 fn Wendumadaunsn (Dirac delta function)
7 AP AINNTUSEIAN
nsUsEInavesdy iU ldiAntuain nsazfeuandniarang 81as Q4
Lazdaandeusy msdzteudshe q i lrSuananiunienaeadn wansliiiulds
U 3.3

ATHLSIBBIA U
(power)

12a1 (time)

5UN 3.3 nisUsgisaantudesdiyn1aueinsunsnsyanedyaia [2]

€

LY {

luwsiaznanauaussdyyiaduiadaenaaosiuauaI T v IuAazIdUNIIdy Qe

[ A7) o
'
[ =

AUNIIUIDATEI5U TUNTMAMSUAINUDVDIFUUIUAIT NAYDIAINUAITIAINSUNIS

[ e

WNINTEIEFYYINAIINATNYUVBUNEVRIF Y10l UrazN15UTEINIA1v0IdyYIUaY

oo

gonpdesiunmanyuvaty Jadudiudrydmsunsiasuwaznisindsesdygin suay

1%
oA

ldnisadrmseannisiinnissuniu dyarasnaitigninauslusuvesa lnouday
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[

Tuanazandlusliuunug1veInnmeslagdenndaeiuina s 1Y sdy g Lays

DAY

b =

aenndesveuna dyanadisuldraonndostunasiuvetinnesvelavesdya uvaneia

LﬁawaiamaqW\Iaimgﬂ’jﬁé’cyapmﬁm@ué (Direct path signal) @sagviliisnsnng
venelagazldinndyyranfuiagieunmionniadesdidee glulassteidendu wu u
nsdinsdsduaamuulassneanuiiien Lé’umwaaﬁigmmﬁaﬁmmﬂmaﬂaﬂawuﬁgﬂdauw

[

TugUwuudnnu nduluades S, Weuldnnuaunseiail

n-1

Sur(®) = ) sihe() eIt (3.36)

k=0

d1m3U OFDM wy, = 2mkf, wag N Faduiumungeefegnuagianmiedoyaanis

WUUTUIUIIUIL N 198INUIUAINDYDY LEAISIEAZLDEANNULENE1TDINDY [53]

i (1) = ekt (3.37)

Wo fi, A AUAWNIBLAY k 910TIUIUAILDRTRBURY OFDM Tne OFDM Symbol
AN NIBALARIIAUANNERETY N 103U Landsaannisi 3.38

N—=1
¥
s kZ_O X BeE) (3.38)

Wanmuald x, Ao Fuluateyavesvyielay k anitdavgnaedllon1ved ¢t dunin

ANUYENIYBY Symbol tiefaglidiuiuaudgesnfIniuetngluvaulun A1 f, A9

Y

WINAUAT k 113A28AIN819T8 Symbol naunsl L IUTUNIULAZNITINNNEVDY
tyaagnendiuliliinduuie FsazilhiAnnisidennssvesidsauldlunsdi
WEsuaAUTznevYdmely Tnsaziuldaia SNR Aildinazdadininganusy
wuuranedn [54] lne Symbol ‘11?14%@%@@@@@1’38 DFT $833n15 FFT 3sldanannudas

aanalunnsuin

(%
tY ¥ a

nsfavansaUszauaudnialunissudypralutdisadesiuiy 61989laann
9 QEF (Quasi Error Free) [55] #s¥uagiuiniosfuannsaviinisuiludyayrunsuunld

o

nelanansznuandgyiadzNounseli Inelidosinlsnd1Ay A A1UTZILIEU04

Az NDU LagAIR18IUYIdY I NaYYIoU F99z N 19Bd 1S UUTEANTATNTY

N35UAYYIUTRIlATITIBANALAEN
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3.8 nsUssiliunakaznisuiluvasdyyie
fawdnnsudygannsessuenatiauauysaliseuios wadnyyineinnil

hOlY

s \/Ly

31NNA FFT Asegrawmasondlilmvilounudyadunndiuatu dyaunduninsulee

el

TumenvesuenUdyauazinangnivegiatuealinansenuanuanisneuausIe sy

Ag]

AMNFULDUVBIAULTIF Qe UVBIPAUNIENL Tl ulanNENNIT 3.39

Yo = Hy i Xp1 + Nyt (3.39)

AAuAli
I U Q"q./ ¥
Yo, A9 AMWI0sdyqaisule
Hp: A9 nanovuauasaui
Xy,  Po dysraunagiatu Symbol fidasn
N A9 dIausunIuiLeAIessy
2 A
k A AL
l #9 Symbol

% a

L199971ALATBS VAN UAUIaI0 1999LAa1n Continual Pilots wa Scattered

]

<

Pilots n13UszanaipsdyaInazysraunudiialannmssuiteyainiasiigndanain

Pilot cells a1ty F9anunsaudguduaunislanad

Yieu Ny
H). = ——=H, +—= (3.40)
X Cry iy o

AUl
Cr. A ALLTIVDIAYYIUO1994 Pilot cells

b 2 | o AV Yo aa
H k.l A8 NZLIG’]@Uau@ﬂsﬁaﬁﬁﬁgmqmV\lﬂiUﬂqiLme@Wﬁﬁ

1

3.9 NM5AATINNTTTUSRYYIas DVB-T2 lusasdfuinnis

Tutadeill asldndnimsinreidyaauasesusiuaiosdeildlunsmeasdy
3ol Insszudaduidedes Wisssuredmdusmiideunsaiunmldmanuianan
Tun1suegian (MER) syuldfsisnsanatadygauasinudoys

3.9.1 nadivusvasdyIundEnsasunnla

a v Y

HesannisuegianteinsaelvsiieiniaiiuAuszuuAdvadneddnisdsdoyaidu
Fuun Audstlenldnisuegianiuy QAM (Quadrature amplitude modulation) %3®
PSK (Phase-shift keying) fugiulunisdsdyaiudnvauriidusuuadusuusaiiiog

[ a

(Continuous wave: CW) TasUsznaulumedyan 10 Fsdyan 1Q 4 mulnfaziianvuy

AR}



ar

nsindousiesnusnilavesninudindun mamﬂmiﬁw\IaLLazLLamﬂa@maa Q wWasuluil
wvilvianinsnainqauy ununwaeuamaady Tasqaty 4 WWusuvdsres Symbol w9
Yoyafiosnisddly dremmidmiunmsdidnsimiuuuiitaty nrinaruussesaiunii
feduaasunindadiddy eswindraduiiinldieuussnidyanasuniuan fagiili
M5A$NALL LHUAMABLAMALATY Tnruifisansuazyilviaunsonensidlfed1sgnies
wieonalinanlaindunsuansienuninvesnisueg.atu ﬁaﬁ?umimmmﬁmmé’igmm
dusies CNR (Carrier-to-noise ratio) SsfiaudrdaysonisnssudiaUszansnmuaanissy
fuanas Tnern CNR susiideanansasunmldualdnueaunsd 3.41

CNR = P,,; — F — 10log(kTyB) (3.41)
Auali

CNR Ao dunaurdunvidedyainsunau (dB)
Ppin A9 ”zuuzgm%guﬁﬂﬁ%uwmmm‘%m%”u (dBLV)

fio dunaisuniuiiinanesedsu (dB)
k f® Boltzmann constant = 1.38 x 10> Ws/K

fio wuLA Ay IasUNIUTeLA3aIsY (Hz)
To Ao gaunfiauysel = 290 K

3.9.2 5615’1%4’314?’1’3’1&ﬁﬂWﬁ’Wﬂun’liuaﬂLaﬁl

ansdiunIuianaInlunisuegian (Modulation Error Ratio: MER) T Hud e
Uszﬁw%mwmaqm'ieiqé’aﬁg'lmé’m%’ﬂmﬁﬂﬂmﬂﬁuﬁuizwaﬁﬁa laandunisnsradeann
@mﬁ’ﬂﬂéamaﬁma%maam%mﬁﬂ wiouinszianisnsninennissudyanioonainia
sUnuudyaandunuy QAM Imﬂé{’mmmﬁﬁwmsmni’mzaeﬂugﬂLLU‘UGU@@ WHUNINADUE
waLatu ﬁqgﬂﬁ 3.4 Tnganunsavinnsasiaiaciidifadu o WWenwu Wy dyyiasuniu
ALAANANATN AN ATURANAIAVISANE warnSRALREUsS 9

mﬂgﬂﬁ 3.5 wanliiiuanuiananlunisuegLan FefiRor1AuRnNAInves
a3 (Error Vecton) Ssanunsnsldaindaanl 1Q TnsnslFeuiisusznindlugay
aRfuATnldads Tngldnuasiumdsansvesuannnesdygalugauad (I;, Q) 13
FUHATINANS 1A DU NAESF I UTRANAR (81, 5Q;) Tngazilvineadu dB fatiy

T o

A1 MER 4NNV 9R5181U009ALaa8A189d89 (Root mean square: RMS) S$1a9dayay e

'
o a v o =

By grandinnmesianatnluandygiao1ass Feruinlsainaunisn 3.42
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v

5UN 3.4 ununmeeuawmalatu dvsunisueaadunuy 16-QAM [1]

(3.42)

N (12 + 02
MER = 1010g{ 2l +0)) }

N 2 2
117+ 5)

ANDERULNINSgIUYeY MER Tddmsun1snsivasunavasnissuniulugesdynyin
155U MAntyuuulInggIuYes MER dAen mingandidasdyaulunisiuiinissuniu
10 wazdlonssumulutesdyanuesasuandiiiiuindtiosuuannsigiuees MER fan
AuiU ANDEUUNINATEINYDY MER LaRIA9aNIH 3.43

|2 (emeRi — "ANY; (3.43)
OMER = N

119 oypr AD ANDERUUNIATIIUYOL MER, Xypg; AD A1 MER NlaTIRUMIIAIUD
ARUNLDY § 13 7, Xpypp AD ALRAETDY MER 2INAMUDERENNAIUIUL Wag N AT U
ARUNVIEBE N1
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Quadrature (Q) = Imaginary

® .. ~
CE ﬂQﬂNNﬂWﬂﬁﬂlUﬂqﬁ'N’aﬂLﬂ“ﬂu

5UN 3.5 anuianaInlunistanan [7]

3.10 NIPUIUNITAATILVITRYA

nsUszInanaUsyansnisdansiminaaiiunuszuuiavia DVB-T2 dmsulaseng
mudliies T Mnisasandeunisidsunlamauaiunasumiuinaongsuuusinvive s
az MUX Fslufitfewvusiaviauin 8 wanzdsnd Inevhnsiiouiieussminemiuuses
Fyanadisulaluseiudndtumiuussusvesdaaradidinensanenstadyanmninle
1ng91989371n3A QEF FN1INAFEUAINFUTUS IO AR IR IEN1TILAS 8 AN
Fuuszavsanduius wisanduliidenlduvusiaesnisinsizionoesuuuliidadu
(Polynomial regression model) Lﬁ'aﬁmwwaﬁﬂiimaammwiﬂsmwé’zgapmwu
Tasenenuiiiies MnuanssnuresnIsUudsuaUssiuiaiseninsaniilulasegne
AudLiies Fearinaiiliiniessuldsudygaanuiazinsasdduarlimidy wifide
wiindeseglurrsiandesiufiodtu msnsivasunuuitassiidonldindinnuimanzan
at4ls MRS nszvidnfiings (Residual analysis) FUATBUANITEUIUNTIAT N TOYA
aglananidluindessld

3.10.1 msAAszvinsilasunlasidsuvesannsy
NAUDINITUTEINIA1VIFYYIUINNLATOIAIADILATOINIONATE 9 LATOINAINDY
d' [y A ' I voa [y LYY 1 a a = I
w3ossulunalivindudnanssnulaenssnunssudygiaanlaseneganuiifies dadu

anvs i insiudyaaniesessulinunimines lngnansenuazsiiauginfigaionis



50

UsgAwavesdyaandlng 0 us vieniSeninvesdyaia 0 dB echo Fulugafidyay i

o

SuldansaaainIesdsaziin1sinaneiueg 19guuse mauleuunnsgIuvesalnnsy
LUUAIANUYI 8 wnnelased vesasdnaagninanlddmiunsiiesesvdygyiunisds

wUUlASIIEANUDLALD LIBAINITUSEIIATENINERLAsadwUAsuLUadlUTuY 1080

Uosiu Insnsildpuntasvesuavaunnsulduuaendnvazgosdygrunstanslunisned
3.2

A197197 3.2 anuideauumdsnuresaUnasuiUTs s uAuan vz o0l [3]

o

Spectrum Variation (dB) Channel
0<o; <1 Gaussian
1<o54 <3 Rician

gsp =3 Rayleigh

nsmeaadsauuidinuresailnasulunuuding 8 wnnuidsed vousaz
MUX  @aifintuannwavesnisiasundatainisuseasaissninnaiosduasiildlunis
naaeInsdsdasuUlaseauiifes fegunisaassend 514 wnnzdsnd
%ﬁﬂmé’mwmiejmmmmﬁ 509.701 wnngLEsed 019 517.943 wnnetgsad lneagiivisaiu
Fiefuviafiu 86 kHz agldviniu 94 frsghnasatianuusinsannsy 8 wnnzdseg v
miLﬁuﬁagmmmiLﬂﬁauLLﬂmaLﬂﬂm%’uﬁwm 20 AdsdmSunisdeuud asAnsUseis
nauazade whlilddeyamsudsunuasarnafinisau 1,880 fegis vhmsafudoyalag
LﬂﬁauLLﬂaﬂﬂﬁsUixﬁﬂL’Jmhhqﬂ 9 10 us U 270 pis ﬂsaUﬂqmaami’Nnmﬂaaﬁuﬁ 266
us aunsAlElun s uaA AT VU YR IAUNATUAREAYIMULAINY 8 NNz

189509 V99N TEIUUTATINNEALAAET LEAIRNENNST 3.44 uag 3.45

1 N-1
p— z D), (3.44)
N
n=0
Auua LA
p AD ALRALVDINMANIULAUAUARSULUUAINY 8 LUNNZLETAS 1Y
Ju dB
N Ao TuunguiegmasulukavaUnesy
=) U ! o U U U fa L3
p(n) A fegmasulukavaUnasuaunasunuuaiag 8 wnng

BRI
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ZN;I . — 72
Gop = % (3.45)

AAUA LA

O AD ALRAEUIMAIULIUAUNASULULAIAY 8 WINNBLETAD Mt

Ju dB

N Ao TuunguiegmasulukavaUnesy

Di Ao fegramasuluwauaunasuaUNASULUNAIAN 8 NNy
\B30d

A9 ANLRAYYBINAINULAUALUNASULUUAIAN 8 WNNLLTIAG e
W dB

S]]

4 Q‘ 4 o/
3.10.2 ANFUUSTANSANAUNUS
AMUFLNUSYDINA N TS U el I SViAUARTaN AN UAUSZUU DVB-T2 dusunisds
WUULASITIIANUDLALL SEMINANTSURUQIUAIBAULTIUNRNUNTS UR QI UA I8 AT

Pfarunsasunmlaauisansivaeulalasdulseansandunus (Correlation coefficient)

v o 6 '

N1INTIUAIAIINEURUSTZNINADIF Y Y IURING1IYY iR lafed neusnIangfins sy

Y

wazNanIENUUIdy1aAsuld Mdmumdouduniouanasegisls nsmadNUzaNs

o

AVEUNUSTEMINF YYDV LAPIAIANAITN 3.46

cov(X,Y) _E[X —w) — 1)
OxO0y OxO0y :

pxy = corr(X,Y) = (3.46)

dianinualid p Ae Arduusedndanduius lay X wag ¥ As Araauusiuiun
R399 Tursn 1y (U oy AB ANRAEKASALTERULNINTFIUYEY X 18T 1y AU oy AO
ALRAULAANTELUUNIATIIUYY ¥

A v av v = Y] & v a Y

diedeyanlaninnisasiadinludeyadnuusiliuyadeya X uay ¥ awnsaldoula
Ju x; way y; We i = 1,2, ., 0, Teaduussananduiusiednsanunsaldlunisussunn
AEELUSINESEY (Pearson correlation) 7 581119 X Way Y Feaunsadeulanivaunisi
3.47

_ Yt (i =0 —y) _ Yisi (i =00 —y) (3.47)
(n = 1)sy5y X (g = )2 X (v — §)?

Txy

e nualy X waz 7 Ao ALLAveIRIMUTdN X Uag Y a9 s, wag s, A AN

UauuinsgIuvesiauls X way Y
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3.10.3 WUUIIARINTIATIZinnnaauuU LTy
n15UsELIMAIveINISYITUIEAMn N dy b luawided Tduuudiasanis

AnTzianaoswuuliiBududniunsinTginazyinuengAnssuvesd gy unlaainnis

[ Ag]

naaes ngvhnismsaaiaanisuszlanaiiasuudasilutisnatosiu dedeyadildan
mstedaaradudiinisysyianaians q Sefsendrstudusgiaunluuiagiswenis
Usglana nsidenlduuusiaesiiinuminzasasnadeaduegreiidmiudoyaes
”zgzgwmﬁlé’%aﬁmmﬁumuqa

a v

WUUINBBINISIATIEV N DL UU LT RdUNTHlun5Ide T

6

AlgEIMSUNISIATIY

nsdsuLUasesaUnmsy A1 CNR d1m5UAMNLT IS 1TUsN

[

s@nunsasunInle An

=D, e
e

MER wag Noise margin lng@isaeduielaniuaunisi 3.48

Vi = PBo+ Bix+Pox?+ Pax? + 4 Bpx™ + (3.48)

Wemuuald i = 1,2, ...,n 1ag y Ao HansuaueIvodluuiiassnnnouluulailds
@y Tuwuedl x A ARaLUsNISITWes B A ATWIIALNBSAUUITEEVD Lag & A A1AIY
HANANR AIUEAIMINEANASH 3.49

1 11
V2 S L2 TR T Sagf T\ 37|
y3 — 1 x3 x32 x;n BZ +[(’{3| (349)
YnJ ll Xn xTZL x;l"J B gnJ

A o a ¢ % 9 a ) & o %

Wewsuluguuvuanindazlasuuuudeaunisi 3.50 #deR1ntuinnIsAnaem
sualnauvsndves [X] aslanuaunsn 3.51 wWetldgnismiAmisiwesvesuning
[B] auaun1sh 3.52 Faduamnsfiwesdwmsuiuusianinisiaszianasenuuliifaduy

Algam (3.50)

[Y] = [X][B] (3.51)

[B] = [X]'[Y] (3.52)
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3.10.3.1 NYUAIATINDT
ngUaeAsINes (Cramer’s rule) Tdlumsundavaunisigadu wieldlunis

MAFLUSAUUSEEANTNNS0n008 Lagldn15MIA1AWeSTLUUATDIUBWUASNG X F9UsENDU

I3 '
a

lUmeaduUTEaNs B; AILEAIMILELNTT 3.53

_ det(Xy) (3.53)
T det(X)

L3

Wemnuali X; Ao lWa3nd X Jsunuaisieasauil ith 9anaeduliinmes Y
NIDAIAD Y

3.10.4 N1SAATITHALAYNGD

wandenuuusasildlunsiuisuds asfidewhsesifensadeunuusiass
fdonnflanumunzamiiesladiniun1sidnuy n15nTI9EeUAIURANAISIZAINIANT
asraialdasauaiilaanuuusiaesnianuianainegasls 1435n1sEenn nsiaszn

ALFAEaD (Residual analysis) FOLEAIRINANNITA 3.54

e=y—79 (3.54)

AR LA
e AD AANNRANAIAYDINITIATIZAALAYAGD
y - fa mdilgainnisnsainass
Ao ATlsaInLuUSaDINISTILNY
g Ye=0

<<

N15HATsNANUWEIEaIvddun T EenldlunTliassideya s
P529aUlYAINI TITDIANN o) NEDR T9zlauanssvaziden fail

3.10.4.1 WATINVBIA1IENNIA9LLBIIINAIURANATA
ANADAULTE 1S UNTITAAUL T UUNINUAYDIAINDUAUDIVDILAUNTIND
WLNEEN U38L58NI NATINVDIANYNTAIUBIALAYAGD LAULARIANNENNITN 3.55

n
SSE = z{wi()’i - )% (3.55)
i=1
AMuA s
y; o AfinTaTalaass

fi Ao AIlAaINWUUTIaDY
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w;  fie Adnhvtinvedwsardeya auunAlAiU 1

Ardlndaudazuanddiiiuiiuuudiassildlunisnageuiinnuianainiiie
dntey waganunsathunldiionisyihunele

3.10.4.2 R-Square

i aady v o & 2 v v =

Amsadaildiiensiraeunisuszauauduialunisifenldidunsiny
wangauiutayalunisesuredeyaniivlisuudas visenanilidn R-Square Ao fAdaaasves
AavduiussyninwansuauesdayalazANanaUaLeIYeINTLY lngdianansaisendi
AAasEDIeIdNUsTAE N anduRusSuarduUssansvaanndnesiwuug uandliiiue
aun13i 3.56

Yieadwii— f)*} . SSE

S N U A 3 R (5:6)
MAUALA

fi fio AmavhuneilFandunswiiuanzauiudoya

Ve B ﬁ%aﬁlaﬁié’mn%aﬂaﬁﬁmm

yi fio AfingIaialaass

w; D mmqﬁwﬁfﬂmaqwiaz%yﬁ aRUARIANIIAY 1

SSE  AB WATIUANSIADIUBIAIANUNANAN
SST  AB WASIUANSIABININLUA

R-Square @1unsadalaann 0 e 1 lnadiefiAlnd 1 wapsIluud1aee9
assuilealnaiAgslunsineveyadss

3.10.4.3 Adjusted R-Square
N19M52989UAY R-Square Idputuuizauuinieuiiesle 19350159
158091 Adjusted R-Square Fwildlagnisandiuiudeyand 1 ¥a waIN1IAUINAT R-
Square ngl lngminwanilafid161n31 R-Square wniiulufauisaagulain wuudnaed
Wenldiilenanazianuianainglunisiiuieg duilleswnanamdudsednsuazdnuiu
a s a1 24 a | Al o [ . ] 7 o dld
wisilwesoraliatesiiull Avunigand sy Adjusted R-Square d1mSULUUTI8D9A
a0 ' & v . A N Yy
AI392UAININIT R-Square Lanusy d@un1s Adjusted R-Square LagAINRUNZAUAITUAINUN

Tna 1 fenansmnuaunsy 3.57

Adjusted R — Square = 1 — SSE(n — 1)/SST (3.57)
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oAl SSE(n — 1) Aen1sandnuiudeyaas 1 yn

3.10.4.4 ANRBIVIIMIAIHIIVIATUARIAATDY

A1RAEve9R 8 1d098IAUAaIALAREY (Mean Square Error :MSE) 14
ATULAAIAIAIINAAIALAE DUV IR UL a0 TaRnel TagldnsuszinaAin sy
umsUvesduUsEneudaTzuesieya Inetdeuldfaunisil 3.58

SSE
RMSE = \/M = 7 (358)

LONIUALA MSE Ao A1LRa8U0INada809U998 UTNLED hay v A 314U
VOIYATDYATIINLA

3.10.5 N153AIIZIINIS0NADY

TusnAsedlldisnsmeadnfiiaends nsAsIEinIsanaee (Regression Analysis)
Lﬁammmé’mﬁuﬁ‘ivmwmmuﬁmLuumaqﬁﬂwmwﬁuﬁﬂﬁﬂizLwﬁimé’umaﬁé’mmw
Aumnaluunioduanndunieeng g mmmzumumalﬂmmaamamumammmh
Tnssthemnudiies Wisuiieuiuaamuidssuuidsuresalnndusuiewiainnares
dumafidanasiunianisuaiessu Tnelunidseidlidenls msanossdadu (Linear
Regression) Fauandluaunisn 3.59 LLazg‘Uﬁ 3.6

9(x) = ao +a;x (3.59)

108 ay way a, WuAshgesdudesmuamaidmsunisasiaaunis
Wun SN utayaivtakaziiAANUEAna I e Tign
A1SPIAIAINURANAIAVBILEUNTIDADDURUULTLAUNAS 19U VSR E 9

(2
v A

Aegunndeyanun n Jeya awnsadeuduaunislinad

E =Y, [d(x)]? (3.60)
E =% lyi — g(x)]? (3.61)
E =Yy — (ag + ayx)]? (3.62)

aUNTOMANFUUTEANS ap war a; NeITMddeatieusn (Least-squares)
F91A91N3ITNI5MAITU (Minimization) Ya4AIANURANAIR L EPRIAUNITA 3.63 way 3.64
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y
1 9(en)
R

- Yi

& d(x;)

S '

B g

s g(xi)

E \

s \

Q2 i

= g(x) =ay+ ax

=

3%

o

5 °

=
-3 Y1

2

[ 5d

&=

> X
X, Xy X4 Xy Xn

= o w =
AU AUV WEUIENA (T o1 ain)

5UN 3.6 wuudeesnisannsgluulBsduUIsUmEUTUYaveYalaglnianaiatayian [3]

oE
= (0

EP (3.63)
0
RN (3.64)
day
ndeulvluaunsi 3.63 aglaaunsi 3.64
2Yilyi —(ap +a1x)](=1) =0
zn=1 Vi — Z?:l ag — 211'1=1 a;x; =0
nag+ Qie1 x)a; = X1y (3.63)
wazaniSoulvluaunisit 3.64 agldaunisi 3.65
230 [y — (ap + a1x)](—x;) =0
?:1 XiYi — Z?=1 Qg X; — Z?=1 a1xi2 =0
Crix)ag + Qe xi®a; = Xing %y (3.64)

aun1si 3.63 war 3.64 anunsaldeulviegluguvesuvsndla aunisn 3.65
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L Y
[Z?=1xi Z?=11)zz] [2(1)] - Z?zllx}i]yi] (3.65)

TENYUOIATUNBSLNOUAFUNITMAIRIN ay WAz a; WAENNITT 3.66 Laz

3.67
0 = (Bl y) O ) - (B iy (BT xi) (3.66)
0 n(ZL, xi2)-(Z, %)
_ ki xiyvi)-(Eis, xl)(z? 1Yi) (3.67)
B ) - (B, |
3.11 agU

Tuunilldnanfeinguszasdndn Ao msfnwinuuiaesingiminiafuiuszuy
Aviadmiulasiiennudifiensinsgiu DVB-T2 Anwmdnmsidentasiatesiu dwmsu
TAsaieAudifies N1sAnwILUYS eI sdaIaed ITU-R 1546 sauluianisnennsel
ﬁ"]La?wlaﬁwé’ﬂ‘ﬁ'mmia%’uiéﬁsluﬁjuﬁgﬁﬂizLmﬁumﬂ@i’mﬁ’u NISANINITINIBVDIFYEYIUIN
nsgnuUAte Anwn1svinauveswalulag OFDM e?iaLﬁuﬁugmwé’ﬂﬁmé’umsm@La%’uiuﬂws
dwiudygalnsviriszuuAdva uaﬂmﬂﬁé’qﬁmﬁﬁﬂmme"wamﬁuaamiiumué’zylagm
Tnvieil mﬁLmns‘v‘?ﬂizﬁw%ﬂwwsuaqmm‘wa'ﬂizmEJé’zytgmimﬁﬁﬁmmﬁuﬁmzwﬁ%ﬁa
dmiulaseingannudifennnsgiu DVB-T2 Fadudrudidlunisneaounaninnig
sonemeAvesdanalvsTiinaiuRusTuURITA

TuuiilgtiAnunsinseiesdyanalnsviminaiuiussuuasvadmsulasae
AuARIdsausaswuntdidu 5 Yesdyninfe Yosdyqiu Gaussian Yosdyaia
Rician %0388ysy184 Rayleigh sziaaﬁagapmﬁm%’ums%’mwuLﬂﬁauﬁmwmuﬂmsgwu TU-6
Yosdy LUy 0 dB Echo wonniuldeoSuneds faituresshrveelasanennuiiies
n1sUszidunauagnasuntotesdygia 350153t 18n15udgyeynad DVB-T2 Tu
Mol uRn1g mima;mL1J§8ué’1’muﬁ1pm%y’uﬁwsuaqmi%’uﬁzgapm laesuIefan1TmIAIEnIIEI
ArAanarlunTNegIAn UBNIINLL léfaﬁmaﬁﬁﬁmﬁmswﬁ%auﬂaﬁiﬂmm%’aﬁ Y

'
a 3 a o w [ I a £ v

ANSIATIERNTLURYULUAIN1AIIUVDIFLUNATH NITUIANFUUTCENTARFAUNUTS v‘mfwms

[

0
FUdYYIUAIIAULTIF Y Y I1UUNALAZNITT U Y Y IUAI8 AL TIT Y fg'lméuum N3

o

Usegndlduuudiassnisiinszinisannssuuvliifudadu nmsldiniesdenisadfiiie
3meﬁfgmLU%sué’igig']m%w?wﬁm%’umﬁuﬁﬁyﬁmmimﬁﬂﬂmﬂﬁuﬁuizwﬁ%ﬁaﬁm%’u
Tasatoaufiieannsgiu DVB-T2 lagnsléisnsmiaeadia 1w mslinsievisne R-Square
N153AT189IA8 Adjusted R-Square NM5IHIUNYUDIATUUET NITIATIRANAYNGD N3

Usvenaldaunisimsigimeanaisvednididesvasniiunainiaion wasluviegala
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YUAUDNITITIIUNITIATIEANITOADDEFINSTUNISUIAIY ALY LN UN VUAINETIAIUITATU

o

Fyaalanndeyanisindnyaaluninauiuass
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=).

un

ANaTITUATtuNsSUd N INALAIANUALIZUY

v
(] %4

AINA UINTFIU DVB-T2 §m3ulAseiennunLag?

4.1 unun

LY

nssudygralassiisanudme lununsudyaralunirauiniu anisuseianan

<

YesdygIuaziinnuLanaretaInuatetiueg19uIn Geninuaidivesdy yrmfiunied
LAS9I5UAINLATBYEIMAa18LAT 09N 8T U AT IeALALR e InTudainisIAsIzRAIL

winnzauluren1sUseinatsdnanitutianaitaaiu aunlavinniseanisitwesdmsuld

a

luniseeneinali egrslsfnnu feudindygrufuiainnalewniosdsagiiaiuseianan

o
Y v 1 [

ey wavndgaamsulianasetdavartiu wegaialaviaidesiu niesiuiay

De

o 6

anunsasudygalanulnd uddslunausinantusngsaunsasunnlagmiunissy

aa o o

dyinlnsviruniaiufussuuAdad1nsulas9918A30ALAEINIRSE U DVB-T2 1ay
NI17U1INNITTUF Y Y IaAINLATeNdIaTBLAT R Ay gy 1aun1n e Tugisatdesiu

ey neluiuneasaldeilaninisneassnisaslunuulaseioanudmes ue SISO

6 LVNEl Ohe.osile |

(Single Input Single Output) YinlsiiudayauasdnsiziaNd fasing 4 Ao Arddanud
Suld gnsiauiiananasanisuegian auileuuuitfIuvesaUna sy Noise margin

6 1 %

LardndIunaun R g usUnIL (CNR) TnenisnaaedideiiasinnisSeuiion
seminsedyaai uldbuuunitudady g duniiidanunsasuanle dre38ns
as1vdeuAdNU sEABanduuS (Correlation coefficient) wielimsuinavesdnyaasdisu
IHuuuunifudyanaisulduuumdumiianuunnimiemilousuatsls
dewnnsrseinsusyisaanisunsnssaedyaainsiminiafiufuszuy

v o [

Avadiviulasstngaudifennnasgiu DVB-T2 ﬁﬁuﬁmamqmé&ymmi‘]uu%nmﬂ’ﬁw o8
fanugssndmunsnsataluiiuiinisesnsiniasis feduluauided Jelddanens
UsgAananseninuaissdinislulasmieanuiiiies aaentianaitesiu nsnaaedld
w3esdsananiadnerinisudouinisussiaanielueiesds (Static delay) wdsandy
ﬁflmilﬁwﬁauﬂaLﬁaﬁmﬁmswzﬁﬁ'}Lauam%uﬁmaqﬁzgigmﬁLﬂ%‘laq%’ué’qmmm%’umwﬁ o8
Huusglominenisuiuussussansammsldmdsnulunisesnamefimnzausialuis

N3MNLURsER TS uavansioly
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4.2 fumeuisnmasssuaznisnsaialuieaUfjianig
Tuhdetavesureddinaasenisasuns nszaedygalnsiminaiuiussuy
Aaviarelaseenuiiies Msvnaesdavinduiienaaeulsyansanaenisdslasiud
sEninnadesdtans winanelilassineauiiies fvinisdedyyiaunduadesiulu
Hranardesiudeniu lnenisneassduiesujifinisazutaluaesd Tudrunsnaznaass
UsegANSAINULAYAMNINYBINTTE ST ey By 0u ﬁ’lmimwaauqmauﬁaﬁﬁwﬁ@ AD AN
TAsaeauddies Annmeives MER ArrnuRanaindnneuiiniseilugie LDPC wazan

Noise margin [11] Tudiuiiaes \unisneasadfiodausadusifianunsasudymianinle
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4.3.1 wisfiwmesdmiunisnaasaiieUszfiunaivaddasaiteaudiien
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A15199 4.1 AU lUNISNAAD MU LEIUDRSINISVENEVDILATIVI8ANUDLRED [62]

Mux Channel Frequency (MHz)
NBT a7 682
ARMY 1 39 618
MCOT B85 586
TPBS 28 530
ARMY 2 51 714
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A157199 4.2 ‘meﬁma%mwag}mmﬁm%’umﬁmaaqLﬁaﬂmﬁumﬁmmﬁau ”zgzymeuw‘h
1 -d' a
289bAT9U18ANUDRYD [62]

W191ELND3 A
Bandwidth 8 MHz
FFT Mode 16k Extended
Pilot Pattern PP2
Guard Interval 19/128
Constellation 64 QAM
Constellation Rotation Off
Code Rate 3/5
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Mux Channel Frequency (MHz)
NBT 26 514
ARMY 1 36 594
MCOT 40 626
TPBS 44 658
ARMY 2 52 122
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M13197 4.4 WITADTAIMTULUUTIRDIN TLNINTEAEFY Y IULATIUIEANDLREITENTIN
annfingauvne uazanlaunsasnsiu [62]
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. ) 99.994444
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8 42.12 8.11 -5:39 19.02 1.00E-02 | 2.40E-09
4 30.31 8.16 -5.34 20.04 1.00E-02 | 4.00E-05
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Normal vs Min
Minimum Requirement Mean STD X R-squared
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Power (dBuV) 66.03 0.7695 0.6266 0.5255
MER (dB) 7.93 1.1786 0.6973 0.7791
Spectrum Variation (dB) 3.02 0.8822 0.8970 0.9263
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Yspvmin(®) = (3.099e — 16)x® + (—3.603e — 13)x7 + (1.732e — 10)x° (5.3)
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51119 2.62 dB B4 7.09 dB @nilumsnedl 5.7 uansdeyanisasainaingamageu lasstng
Moy dmfunmsuduaasisnuusdyatatusideninsaiunmls Tnermds
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YY)

uduiausasudyaala da1egsening 22.65 dB 8s 42.51 dB §n5IRANAINNITHEY
1A% AASEIIN9 8.06 dB 919 8.29 dB A1 CNR §ANSE1319 18.19 dB 22.65 dB warA1A31Y
WY UUNANIUYBIAUNASY TANTE1ING 2.62 dB §9 7.08 dB 1agA1n15UsEI 48158 1Ig

A uandodantas AA192riNg 158.07 s 89 202.47 us

M1319% 5.4 Toyan13n5IIRH Y IANAMUMINTInNUNlATIIeANAGe dmsu
N3TURYQYIMEANLIE Y1 UUNF

point | 0" L ver@e) | O | cNR@B) | Delay (us) | 0P
(dBuv) margin (dB) (dB)

1 28.67 9.45 4.05 23.12 176.72 6.03
2 41.27 16.65 315 99.59 168.99 5.30
3 4557 21.45 7.95 3253 158.07 3.45
a 34,77 14.25 0.75 26.36 184.17 a.47
5 45.77 21.34 7.84 3230 172.59 3.3
6 46.97 21.84 8.34 33.94 160.18 4.46
7 34.17 9.31 4.19 20.78 192.09 3.83
8 41.77 18.66 5.16 29.87 179.12 3.57
9 45.77 18.66 5.16 30.85 162.29 4.55
10 a1.77 16.09 259 29.73 196.84 6.00
11 30.17 10.40 310 23,63 182.41 5.59
12 42.67 18.31 4.81 2857 165.59 2.62
13 3357 11.28 222 2221 202.47 3.29
14 39.46 15.98 2.48 27.96 186.59 4.34
15 44.71 2176 8.26 36.49 170.25 7.09

(% '
[ o

Mia%mwuai’waawm%ﬁ;@L%;JLU?%wé’zyjzyjmwmﬁ%mmsa%mﬂwléfmmaﬁléf
mﬂﬁawﬁﬁ’ﬁmsﬁu léjmmﬂ%’auuamﬂamwﬁuﬁﬁé@mwmﬁumacimam’mnﬂé’am%ﬂlﬂ
denudayayne e‘i’jwﬂéfmmmLﬁmmumaﬁsé’ummqﬂLLazmmﬁwaaﬁuﬁ lnetady
Fanamdwmansenuseaudsnuuidanuvesadnasudyaiadunisiuiinsataléan
fundenisin deyatildgninunldairanuudrassnisanaesdmiunsiasziavaie
desnituiisudyamninauy fauanslugud 5.9 1WunuuTaesnsanaesdmiudung
nsSudaandaniiniesddnsiainaiufusyuuAdia NTUNN oAU AsuLUas
vesadnmsuvesdygadisuly anuuusiaesdilduandiidiuin anudesuuesiiudiiien
tiow wardwalirnudssuuadnasudesuiu TnsrunwemuuswesdygUussatu
fisanansadunnldasiidnfisening 4.45 dB &4 4.6 dB gﬂﬁ 5.10 unuudiaesnsanasy

A1519% 5.5 U83an1995393nd1anYnadeuATIAauINlATItIgAUnRYY  d Ty
N33V dyeaumsanuussdyudumideusasuninlea
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point | | O MER | Noise margin | - - 8) | Delay (us) asp (dB)
(dBuV) (dB) (dB)
1 22.65 8.24 526 21.59 176.72 6.02
2 35.98 8.20 530 20.87 168.99 5.29
3 42.12 8.11 5,39 19.02 158.07 3.45
a 30.31 8.16 534 20.04 184.17 4.47
5 42.45 8.10 -5.40 18.89 172.59 3.32
6 4251 8.16 534 20.03 160.18 4.46
7 30.34 8.13 537 19.40 192.09 3.83
8 3821 8.11 5,39 19.14 179.12 3.56
9 41.22 8.16 5,34 2012 162.29 4.55
10 3577 8.24 5,26 2157 196.84 6.00
11 24,59 8.22 58 21.16 182.41 5.58
12 40.05 8.06 5.44 18.19 165.59 2.62
13 30.28 8.10 540 18.86 202.47 3.29
14 35.11 8.15 5,35 19.91 186.59 4.34
15 37.62 8.29 5.1 22,65 170.25 7.08

d1nsuidunianisTudygraannaniiiaiesdslnsiadniaiufuss uuadna

AUNTAIATIY RanUAsunaasanasuvesdyganiuld Wesndmwa A
unnaTosdsiaanaaeuindayanaluniaauinidszognadilndniinissudnyyinan
andlvsvimintafuduszouddva nsamne wn lnefiszeynisUsean 15 Alawns e
Feufumssuduaaanaanilnsiminiaiuiuszuunaa nganNe eilszerniavinadia
Uszanm 69 Alawuns nanszvuiiosnnituiideanusdsUsiuvesanaduieduinnit 9
sUAm s nuumdinuesannsu avilAisywing 3.7 dB 89 5.2 dB
Lﬁma}’mmaﬂizwusuQQ5ﬂwmsﬁuﬁﬁﬁm@wmﬁumal‘ﬂé’qLﬂ%q%’uﬁm%’uiﬂiww
AuBies Yu Resiansaieindunisiduaasiuelliuniesuanieaenniesd
aeluiiuiivudeuvedasstennudie NNFUN 5.11 LansHansznusuLiewnanituii

L a dl ! d’l dl U 4 1 dl = a U dl U
ﬁiy}iyﬂmmu%’]fl‘\ﬂﬂLﬂi@\‘lﬁﬂﬂ'1EJIUWUVWIU‘?JEJUGUGQIV’]NEU'W‘EJﬂ'J']llﬂLﬂ‘EJ'J wunelldansaesu

(%
Y v |

PIADIAUNIG ANANULT L UUNLEANNLUUIIADINTONNDE TAISEUING 3.65 dB 019 5.15 dB
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5.4.1 N1331899A10A0B8EMIUNTSVALIEYAEUURBURYIMTUANNENENTa
Sunwnla WUUT1A0N a9 NV ALdUNNNF YY1 UAUN AN 1IBUINA DU

[

lufaasudyanalnsininiaiuAussuuAdniau1nsgiu DVB-T2 lassteanuiiaed tngld

T

VUANLAUNWAFYYIUAUNIAIN a0 TdNTUNNUMIUAT WazanTdeaynsasnsy uae
wasuaqmsLumwuamﬂmmuaqmﬂwaﬂimwaaLaumwammmmumqlﬂm Fauanadu

q

ammsmsamemmiamaamaumim 5.6 ﬂﬂﬁllﬂ’ﬁ‘l/l 5.8 piail

yspy = (0.0920D)x7py pric + 4259 (5.6)
yspr = (1.199)x7gy 55 + 2.012 (5.7)
Vspy = (1-909)xTRV_bkk_ss — 0.2265 (5.8)
MUl
Vspy Ao Amsifsauuresaunady whodu dB
XTRY A Gh) ﬂ"]Lﬁmmuﬁummmaﬂﬁwmﬁuﬁmaa@Lé’umq“‘é* Uay e
Wumsnnaaflnsiiadaefiuaussuunata g FUNW
lugsumissudygio
by 2 50 ) ﬂ"]LﬁmLuuﬁummmgqﬁwaaﬁuﬁmaamLﬁumaﬁ ey
Humsnaadinsiiadneiuiussuunata
auvsasns Iy Wdswhumissudaynin
Lol Ao ﬂ'wLﬁmLuusuaqmmqﬁwmﬁuﬁmamLa’l’umaﬁé’f Uay e

AuvInaainsiainAfiuAusTUUATR NNy
wazaynsaansn ludaasudyain

5.5 nisifIgunanisiigivuullfindvsuniseaniuulasedng DVB uag
NuReTiieades
ATl dnnaediseanmadwesiidlumsesnorndlnsimintaiuulussuy
ARViaNINSgIU DVB-T2 dmsuusemalng [60] mslSeuifisunaiiléanauidedudedlid
ToyaliuSouiisuunntn L‘L!ENRHﬂ‘Wﬁ’]ﬂJLG]EJiVlISﬂUﬂﬁE)E)ﬂEﬂﬂ’]ﬂ“UENLL(ﬂauUiuL‘Vlf"‘i Tailala
wisfiwesdmsuniseenemeafimiioutu lurrsdudunoufivsldfmuanisdmesnis
seneInAddmSuUsEmalng nany lisaudnidunisvaasswazuiuusinsines
wangandmiuUsemalnesindu MU lngfiansanan 31uiuYessenis snsinsdideya
dlmnsfiwesdmsulsemalne Saldldmileusumsnfimesildouluusemedu q 910
WAHANITNANTUIAINGT
ogslsfinny udteiliinisieuisunanisaassluiesu fiiinns fuuun
UftRdmiunsesnuuulasatie DVB AlddRulilu [21] [61] TasvinmsiSsuiiteunadils
MuMISBIMIiaueA CNR susiinsaudmsuniseenwuulaseine Tagldviinas
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Wisuiieuduameamnsfiweslunmsesnarmadifiaulndideasu fufivssmalne 14l
N1590N9INA

1nA15199 5.6 IEimsiUseudieuluaudrudididey Ao A1 CNR Fusitdosnis
AU YesdaauuuLnd A1 CNR Fushiidiosnns d1m1%U 0 dB echo waze1 CNR Fudndi
Fasmsdmsumssudaananuy Taseennuiies suwdainauen CNR Jushiifosns
ﬁm%’ums%’ué’igigmmﬂﬁuﬁ%’ué@@mmﬂaumLLasﬁwmlﬁnﬂamﬂm%’mﬁﬁmms INAITN
AildnnmeassdmiudesdyaanuuimdiamulndifesiuadldanuuiufiRdmiu
nseenuwuulasigne DVB fildudnauely adildainnisvaass SAnvirfu 17.4 dB Fafien
Indidssfuitldinaueliifios 0.1 dB whiu dmdud CNR Susiidents 0 dB echo lu
MuITegedlainanitsnnassdiniunisadimesdmsuuseinalne Islidand1uiu
Wisuifeuluiadedl lnerifildarnismaassdldnmafu 28.5 dB dm3uA CNR Fusndi
éfaﬂmsé’m%’ums%’ué’q;apmimﬁﬂﬁmﬂﬁuﬁmswﬁ%ﬁammgm DVB-T2 lasetneminud
Aefiaintu 22.94 dB wazdmTun1svaenIsdosuuTe L UannSULAZA LS8N
Fyanaiigosmsdmiunmssuduaaluiuisudyaiaesa dawihiu ¢.5 dB

A15199 5.6 N15USHUMIBUNANISNAABIIRENUINUIEMNYITD9

EBU Tech 3348 r4 [61]
DVB-T2 Mode EDP247 (Table Empirical
; NorDig2013 (Table A4.5)
Constellation 64-OAM 64-QAM 64-QAM
Code rate 3/5 3/5 3/5
Carrier 16k 32k 16k
CNR in Gaussian channel
Simulation *1 159 12.0 15.1
Calculated CNR *2 17.3 14.5 17.3
Average measured 15.6 14.4 174
Difference to simulation 0.5 2.4 2.3
Difference to calculated CNR ]
*2 -0.1 0.1
CNR in 0 dB echo
Simulation *1 - 13.9 -
Calculated CNR *2 - 15.9 -
Average measured - 17.6 28.5
Difference to simulation - 3.7 _
Difference to calculated CNR
* ] 1.7 -
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A1519% 5.6 (510)

CNR Tulassdneanuiifen (naaniesufuinisg)

Average measured - - 22.9
CNR Tulassnganuifissvawelaessfiuaugauasssfumyssandzuindes (Haannn1sin
39)
Max measured - - 22.7
Min measured - - 18.2
Average measured - - 20.1
Average spectrum variation - - 4.5
Data rate (bit/s) 22,038,376 22,038,376 22,038,376
RN

*1 ETSITS 102831 V1.1.1 Tab.44 [21]
*2 EBU Tech 3348 V2.0 Table A4.2 [61]

5.6 @3l

Tuunilldiuauenaiilinnnisnaaeiteuasniseiusenadmiudayaalnsiie
aptuRusTUUARTasasT I DVB-T2 Tasstheadudiies Tnoudududdn fe dwiinis
tiauenisUssdiuUssansnmeeslassineanuiifedluiesufiinig Fudunismnasse
N1908NINTATTIIB AT L‘ﬁa@JmamwumﬂﬁhmiﬂszimaﬁzijamLﬂ%aﬁﬂu
Tn59918A2148LR B WS BUTBUNANSENUAINNI58DNBINIARIEAINAAT 9 NSIAABUAN
duuseansanduiusvesdyanaiddasiudfulugiinisussiniatdi g 4 aaentasaan
sty smveumiuUfiAmanadadimsunisliuinsinsdminaiuiuluszuu Adva
UBY NEANY

Tudwitaes tuaueransnmaesiiomannasidumidausaSudyanalidmsy
Tasstheauiiie luosuoinis msnmeaessiiunslussuuTnileuasiinnsvheinans
ﬂ%zﬂLﬁ@lﬁsﬁa;ﬂaﬁmmmL%aﬁaumﬁ'qm AANuLs T U A ssiszneuly
#ae Amdnutunidnnsasunnld manudenuuidinuessadnaduiiiolinsed
ANWTVBITRIAYLI BNTINANAINNITURRIAN A1 Noise margin LagA1 CNR

Tududiany ﬁ']Laua"?%mﬁmﬂ"lsmLSUEJQ@L%'NLU?{aué’zgzgmsﬁy’uﬁﬂmwhammﬁtﬁm
MnuansznuiiosanituiinnsSudyann Imsﬂ%%amﬂamnmsmni’msluﬁuﬁﬁaashw%& uag
UouaNLUTUNTU Google earth a"m%’uﬁmamqwﬁl’waqﬁuﬁﬁﬁmmm@umqmumﬂm’%laa
deludanindyansiiogig Iﬂaﬁli’fﬁa;ﬂaﬁuﬁamLé’umqé’aﬁyﬂmﬁgﬂaaqLﬂ%‘laqaiﬂuimqszha
AR Lﬁaﬁﬁamﬁlﬁmﬁm'ﬁa%ﬁLLUUﬁi’ﬁaaQLﬁa%m%mamL'%'mﬂ?{sJué’mﬁmmﬁﬂu’uﬁ'}ﬁ
mammmiuammmlwlmmﬂmamaaﬂwmﬂgumma mwﬂwmmaalmﬂuumma
Usggnddmiuniseenuuulasstnenuiifien dwmiuiudinsiudyaadu 4 ldkeld

ludiugayng dnausnisileunanisideduiwiufiidmiunisesniuulaseig
DVB wazauddefiiuates ilesninimisfiwesildlunuideld W msulsemalnewiniu

Toyadmiunisiisuiisunanmsnaaed liuindn levinisiwieudisunuidediuiui
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UftRdmiunseenuuulasadne DVB Fawadilddmiuan CNR Fumiidsanusasunmldly
nsdivesdyanamuuinmddanlngifsstuann Tnefldaananadios 0.1 dB Inednusatull
liinuddeiionniu Iuﬁ";umaqﬁmﬂL?f:ﬂLﬂﬁsméi’cyzyﬂm%’juﬁwﬁm%’umi%’ué’igcym
TnstminiaiufuszuuRatainsgiu DVB-T2 Tasstheanufiiiien Slduansuadildainnis
npasslinsuiiu waranunsalfiluluimsdmiunisesniuunsiiuiniglassnelngsiey
apiuivlusruuRITaRdTainass L DVB-T2 Tasstheeuiifiesliog1sussansam
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6.1 NA1IU

3waﬂﬁwu§aﬁ’uﬁﬁwLauamiUizLﬁuwaLLazmimLsuaéffgzg']mimﬁmﬁmmﬁuauigw
Aavadivsulassieaaiifonnasgiu DVB-T2 lneilinguszasdiilefnuuszansnmnns
aaﬂmmmaqé’i’iyiyﬂmimiﬁﬂﬁmmﬁuamzwa%ﬁaé’m%’uimqszhsmmm?ﬁammmgm DVB-
72 luifuiviudeuveslasisanuiine ﬂ'ﬁamLéuLU?%aué’zyagwms‘ﬁqmmé’zgagmﬁé’q
annsosudaalddmsulasaiienuiien LLasmsmﬂ'wmLmagﬂLéuLﬂﬁauﬁzyagwmﬁwqm
‘1‘7ié’qmmm%’ué’zgwmé’mﬁmmmnmamwumﬂﬁuﬁ%’ué’ﬁy@ﬁm Taun1un1snnaesly
#osUfuAnsnuluienimeassiadyanaluniaauiniielassiieads iothanugalss
Wannseenkuulasstensliusnslaseie nsviadaaiuRussuuRatadmsulasstne
ANudlAgINInTEIL DVB-T2 Tnglanizegnsdsdviunisliiudeyadiviunisosnuuy
dwisulassnomnuiiier Jsagldedugliluduvemsasunansidesioly

6.2 dglnanig39s

6.2.1 Hani1sAn¥In15UsLLaNYseansSnInvelassinena untned tu
WaulianIs
nsnaaadtureslfuiinisaniunistesldaunsailuniseanainieaie eaneine
AIUMSIIUAT 100 Haddind evndeunanistalasluduesdygraainadssaiasddnsyiel
AATUALTEUUAYALIANTFIU 1ATIUI8ANAWYT Tngrinn1silasuAInisUsedeIansening
daabAIsddlnsviaunnNuAusEUUAIa n1elugIsnadeeiu Wesainnisnaasaily
wisimesiuniseaneniadmiuyssinalng azdinngiviartesiuaegawiniu 266
TulasAufidnsunisnsivinnansenuaInnisuseAsnanelutialaiteaa iy agaiunig
<@ % v a = 1 a a a =2
WNudeyanan1ingiadann 10 lulasiuriinaenyiaussInianain 0 lulasiuiffs 270
TulAs AU laevinn1sns1aTag1anue 20 AS9 e linan1sInlAuLITNawasRANAIe
% ~ A v o A ~ A Y] | A a
WoaNign waliainn1svnaoInenuandlunisnan 6.1 Ae dn519e18lATIUIEAUDLAEY
AMSUNMAIUNSULANLAS95USEIN19IN1509ND1NAR28 1ASITNENANEANND LAy TATIUNE
PA1YAINND LLANULANFANAUNUTEUU 3.61 dB 519 5.48 dB 31NAITNARBIAILAIUD
28N01A1AV 5 AR Huudliudn8iauin1588n9INIAZITUAIAIILLANAIITENIN
gnsvenglassineanudiies MedaunnTuguiu annaeivesdasiianaianisuenan Ay
fiAnegsyning -4.42 dB §is -8.79 dB dmsudnsiianainnisuegiand Welinsdelasludiv
1 dl 1 o 6 dgj a aa o o U 1 dl = d!
sErinaAsesdlnsiminIANuAusEUUAIad S UlATII8AUDLAEINIR g1 DVB-T2 &9
PAMUDBNDINANNTL LN TUNLTANRARUNINTY d1SUNNTISUSEAAT 0 tulasIunfinse
dl 1 U 2 1 dl = o U o 2 dIQJ yd‘ dl U a
vosdeygyrad 0 dB echo 8ns1w818lATIIEANNDNREY dmSuARIUnAsUlaTlAoesUaLd
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AvasRINALRREnaanYIadaiulsEiin 3 dB duANMIIeIdRIIHANEIANT TR

1 AilA1Uszanad 0 dB

A13519% 6.1 wan1sUszilulszANS A veInIsSUdy g alnsiiAla AN UAUITTUUAIYA
dmsulasstiemudiieInnsgiu DVB-T2 luesfusng

NaN1INAHU AN
dnuadunsiusyanulwualassdionasanud 42.76 dB
aadsmysusyamlrualasiinsanuiiie 47.36 dB

savwenelasnonnuiiien 3.61 dB ©14 5.58 dB
ATV MER -4.42 dB 04 -8.79 dB
msgzyl,ﬁzlﬁ"ﬁaaé’fyfynm 0 dB echo -3dB

6.2.2 wansAnEINMIMAsBdianAIaEIURsuS Y MAgaTidEIN1Ta T
Fynalddmiulassiisanuiifien Tuiesufians

Mnmsnaaedidulumitenountiil lWniseene neesidmiunisnaass Jeymd
wuRevilwlFSunansenuandunndeniilifosmsnisluiesufiinig SsenailiAnem
Anwanalunsiaduaodd msmeaedudeisuilalaginismaasduszuula ngld
dyay10uaInqm Directional Coupler siaiinfivaunsalsaudyamuassoctiiugunsaldmsu
annauLuuUTuAlditelianusomainasiagendamn s fudy ulidmiulaseaie
miie sflunisnsisiauiaytisnisuszianat 20 afsmutueatumInnassise
Tuderountini nansfnuideldnamiuandunisnsd 6.2 fe nsnagouridudszans
avduiusseninanssudaianinlasaieanuiifies Aszaudaainund f‘ﬁ’mzéﬁ’mgm?fu
Wasudygnamanifanunsasudyaals wadlifanuduiuslulufieniafoadu ans
As1edeUANdIUsEAVS AN ALNUST Lﬁ@L‘TJumi@uﬁudﬁsﬁummLmﬁ’muzgwﬁgqamﬁgﬂuw
ety Aidssusgansulsiiniossuiidszana 66.03 dBuV A SasiAawatanILeg
wan TAnUszanm 7.93 dB AnsiUAsunlasvasuauangsy fnusyana 3.02 dB A1 Noise
margin #ANUIENM -5.34 dB wayA1 CNR dA1Uszunal 22.94 dB LUUIIa99d11suns
Muedyyrunasntisrarlesiu lduuuitassnisanneenyuiuaveningla Falet
Gunuwaliunsiuedilndnansvaaesnniian asnsalduuusiassidmiunsiue
wgAnssuvedeygale
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wansenuluiuiinsiudyen

é’ﬁgfg']mﬁ%’uié’mﬂmmwﬁﬂizmEJé’fgfgwﬁuiwiﬁﬂﬂmﬂﬁuﬁuizuuaﬁﬁaﬁm%’u
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A19199 6.2 HANIINAFBIA1ALSUUABU Y TUAd T U ST Ud s Vimd
AANUAUITEUUARYIAUINIFIW DVB-T2 1Asavneaduiiien

qm’%mﬂ?iaué’m@ﬁmﬁﬂqﬂ ALade
ALY 66.03 dBpV

A1 MER 7.93 dB

Andosuumdsnuanasy 3.02 dB

A1 Noise margin -5.34 dB

A1 CNR 22.94 dB
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Abstract; DWVE-T2 trosdessting with & singke fequency metwork (SFI) alloows an efficlent roenegetrert of fequeney
utiltration, and ewtends the oowerage area, wlhich will engble moome people to wew @ biosdesst. The SFM moode alwo
inpre axen the coneeniration of the signal In crerlap sress. Howewer, somne dfferenpe of crerlap aress In aotusl 1we of SFH
retworks Toay heve sorne degradation, of the recetved spnal due 1o the effest of the SFI. In this reeearsh, we analyms
EFM broadessting in SISO roode. This paper represerds the effeets of delays on the SFIT signal over differert delay tirne
within the guard mtervwel (G by snsbrdng the irdrooarn reseption threebold. The analysis of mecetved siensl power,
IEE, bEEE, LEEE, and noilse rmsngin ate stviled nsing a0 actial digttal teleyidon trererntiter for the erperiment. The
results show thet the rordrourn thresholds for & delay time st O mderceseonds will zequire Mgher receire dgnal power
tharn other delay tires within the 31, The reeults of this experfment are wefil in dedgnine the SFI metwork sand mele
1t poeelble to detarmine the spproprista ST threshold for the design of the digital tertestrial teleyiion network.

Eeay words: DVE-TZ, single frequeney netwark, recepticn threshold

1. Iniz oduction

In thiz paper, we study the brosdeasting of DVE-T2 dipital terrestrial telarision [1]. In addition to multifre
muenay network (MEM) broedoasting, thers i another transmission broadessting mode mlled single frequenay
network (SEFI) [2], which hes more adverdages then the MEIN mode. The EF systan can manage the proper
frequaney and bandwidth afieiently Ancther advwertage of the SFIT mode iz that the eoversge sre. ean be
epsily srpanded nsing the mume frequeney. Using a low-power transtnitter maloes the SFT systamn highly fesdble.
For escarnple, if one of the main transmitters fails, then the soverspe ares, does oot entirdy disappesr beoaass
SOme arees fan readve sipnals from other SFM transmitters. Bor etample, the viawer may still be able to re
edve signals from another transmitter in the network aees, if the signal is stronger than the minitm threshold
requiranent.

Many studies heane analyeed EFM transmissions for DVE-T2 by finding the minimum sarrier-to-noiss
(2T requirermerd. for resl broadossts sompared with implementation midelines and laboratory messumerents
[8]. The 8FM channel waz determined by finding the path loss gin by arelyzingand evaluating the effets of the
roltipath channd. Inf4], the suthors studied srd investigated the BFI gin from real broadeast tz.
In [8], atuhors propose the SFI grin ealoulation of the diffrenes of signals reesived from werious ovalsp
traremittars. In [@, 7], anthors proposed an anadysiz of the 8FM gdin when the modulation error matio (WMEE)
shanged due to the propagtion channel with reseption of 2 signal from more than one transmoitter
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In some EFN coverage ares, the queldity of the meedved signsl may deteriorate due to the effeet of the
ZFM propagation channel. The work in [#] proposed the ZiaBertond model and 2 model bassd on the Hata
for analyzing EFI propegtion. The workin [¥] mopossd the anslysis of long path delays for recsived sdignal
rltipath in EFM=. The pafomanese of EFI: depending on different Doppler frequencies was preserded by
laboratory and field messuretnent in [10]. The quality of service (G302 wes shown by the resalt of MER. =t the
reedver, and the dday of rereived signals from the SFI network will especially affeet the MER. [11]. The effet
of interfaranes in the EFI of DWVE-T2 depends on the influense of the guard interwml (GI) durstion. In [17],
muthors presented the result of bit o ate due to the 31 duration. Furthermore, meny echo delays produee
the power and [§} imbalanes thet causes degradation of the signal quality. In [13], I inbelanee and residual
oarrier fraquenay offsst (CFO) afeted the sapasity symbol error 1ate (FER). Intersymbol intaferenes (T21) also
ooours due to the eho delay effent. In [14], authors proposed = new channel estimation and an intepolation
technique to diminste the effet of phass motation cansed by symbol timing offsst (BT Ch, whish can help to
solve IET problans.

However, thae are fow studies on reeeiving signal threchold requiraments, espedially for ZF=, and
partioularly studies on the efferts of echo delay within 31 protection. The results of this resesrch show the
effet of the relatire delay and relative arnplitude whish is important and ussful for EFH network design to sot
the transrndzsion power and to malibrate the ssho delay to an appropriste sstting for the soverage sz,

%, Single frequency network

4 SFM iz the traremission of the mrme dats, at the zame frequensy and tirme oo rmltiple transmitters. Conse
quently, the modver will reosive the signal from several trensmitters. Howerer, the sigred locks lile multipath
signals. The reeeiver can meraive the sipnal sueessfully when all of the signels from all transmitters arrve 2t
the saome time within the GI moge. In the DWE-T'2 system, the 3l san be appropriately configured to the
coverage ares with sitable design of the EFI. Howerer, it may still be neressry to analyze the performance
to achisre the best parformancs The recsived signal of 2 SFI i= shown in Figare 1.

In TAE-TZ, there aze sereral st ting modulation parsmmetars to ssleot appropriate multipath protection.

Figure 1. Eecetved SFIT signal
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The field test of the DVE-T'? modulation parsmeter wes pressnded in [15]. Choosing the might G will solwe
the IE] and multipsth problems berause the multiple smrrier has o fieed walue per symbol. The wlue of the
reflentions that are shorter than the G indisates the emor of the pilot frequeney responee. I the pilot signal
inserted in the symbol fails, the ressiver sannct estirate and correct the frequeney response. If the moiltipath
ig longer than the GI, then the rensived signal will sufEr from IE]. The g@p between the sarrier prevents the
Doppler shift efiset cansed by IE]. I the Doppler shift is wery smell compared to spacing, then the signal will
be fairly iroroune to B, The symbol period and the mmber of frequensies san be adjusted according to the
CWE-T 1 stanidard and 3l dependingon this parameter sating, Conseqently, the implementation of the SFIT
has many difErent settings. The best reception of DWE-T 2 cemirs when the sppropriste squalivation welus is
shosen, The signal delay tirnes within the G is shown in Figure 2.

GL Tr=efill Fortion Zignalform T 1

| G Tkzful Portion | Sigmelfoar T2 2

Bowser f T The sigmal dezy tite batisean tuso SFH Hmn s s,

ST time

Figure 2. Signal delsy tirne within the GI.

2.1, SFM =ignal madsl

Many fastors smnafEe the EFI minwlue The mejor factors aze the power imbelsnes (PL, relative dalagy (4,0,
propa.gtion channel [z ), pilot pattern (PF), and sode mate (CR). These parsmsters involne SFM signaling in
Both EIEC and MIBO modes [16, 17]. Howarer, there are diffrences in the impact of diffrent netwaork: featines.
The nurmber of transoitters in the SFM iz =1, ..., T. For general SIB0 transmadssion, this can be expressed

az
e S
ne(f) = % Rt —w) wald), i1
i=1
whete f; and 7 are the shannd impulss recponses snd ddays from each transmitter in the EFI systam that
are visible from the reeeiver, and v is the nurber of received multipath components.

&%, 8FM measuremert
In the mesurerent of the SFI signel, the received signal is the e 28 the reception of the acho signal. The
shanmel responss san be writtan 2= follows:

L
Ba(f) = > edit— =), )

i=1

where L iz the number of echoes, while o; and % are the comple: gin and deay.
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Within the QI time suceessful reesption in terme of the quasi-error free (QEF) artais. [14] depends on
whether the rereiver san equalize thesipnel and orarcome the effeets of sehoes. The eormection effisiensy depends
on two medn faetors: the eeho delay and the esho power. This iz important to porantes the efBotivenses of the
ZFI netwark.

2.8, Chanmel estimati on and equalization

Even though theinput signal of the rerdver is properly synchronized, the output signal after FET demodulation
oy not be the sne as the originel sgnal. The sarrier signal derived from reception in terms of the smplitude
and phass from FFT demodulation may be afSeted by the shannd response. The eomplawity of the smplitude

sartier can be written sz follows:

Yggg = Hgnggg +Ng¢__4, (3

where Xy is the eomples modulation syrbol eonstellation of eszrier f and syrobol [ of theoriginel transtodtted
signal. My i the amplitude of the rereived sgnal, Hpy is the eompler Sequeney response of the shannel in
syrabol [ by samopling frequencies fa, and May iz the noise signal on the meedver added to the systan. Sinee
CVWE-T I rerdvers can 1ecdve rfaence signals from cortirma] pilots and soattered pilots, chanmel ewlistions
can be achieved by perceiving that the informstion wes s=nt by those the pilat eells, which can be espreszed by
the following equation:

= 5 = B @
where (. ; is the comples amplitude of the referenes pilot eells. In the masirim thanme correction wlue, the
chanrel responss is definad as H};; . There aze only reference edlls o [ The channel response B,y weries with
frequansy and times.

3. Ohjective

The objestive of thiz work iz to obtzin digital TV rereption in the SFIT mode in diffeant ameas. The reedivers
aan reosive signals fromn maultipls transmitters that transmit within the mme GI tme In sach mecsption anem,
the erho delay iz diferent. Although the enho delay is diffrent, the echo delay is still irside the GI, and the
meadvers oan reradre the signal. The main objective of this ressareh i an analysis of the minirmmn theeshold
recaption of DWE-T 2 in SF mode and the developrient of an experirnertsl model for the ZFN in 8130, The
anzlysiz of the delay efeetz during the Gl is done with messures moh az the BFM guin, rensived signal power,
and modulation error atio (MEE). In our analysis, sormparison betwesn the normal recsived signal power
renlt and the rinirnrn recsived signal power meeult was used for eveluation, and the minirnum threshold of the
EFI signal of DWE-T 2 was obtained.  Correlation wes uzed to analyze the effet of the miniroom sigoed delagy
requiranent within the G time. Messuring the diffrenee in the eeho dday &5 diffieult in figdd testz. Therdfoe,
in this reseazeh, 2 laboratory messurernent mmodsl was used to sitmubte all dedey time situations in the GL Two
ZFH transmitters were usad, and the statie local dday time of both transmoitters was changed during the GI
tirn= to anslyse snd find the minimum threshold reception for the desived EFI sgnal.

4, Lakoratory mmeasurements

The experimertal equipment is shown in Figore % The MPEG 2 Trensport Stresm (T'S) i= derived from the
MUK provider. This experiment wses TS sigreds from the MOOT MUK provider. MOOT is one of the four

iMs
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Figure 3. Block dagraro of SFIT mesamerent systern for DVE-T2.

M moviders in Thailard. TS signals are sent to the DVE-S2 modulstor fror the head-end eenter and s=nt to
mtdlites for distribution tothe DTV natwork. [ntegrated recdwer/deecder (IR mecdvars rersive fgnals from
the hemd-end centar via mielites. The reneived zignal output is the TE signal, which iz zent. wis the asynehronous
zarial interfaes (AS]) port to both outpit ports of the IRD. The signal from the IRD is the modulator interfans
sgpal (T 2MI). This TI-MI sgral of DVE-T 2 iz based on DVE Domment 4136, The modulation patermetar of
the T &-MI signals is shown in Table 1. T2MI signals are send to both TRFE-TZ transmitters. The trarsmitter
haz an BF output power of approsxmatdy 1 W bersuse the transmaitter used to generate the exdter funstion
a5 an outpt signal does not hewre high BEF power. In the aotual broadesst, the ecciter will us= BF pows PA
to drive a high BEF power outpat. The DVE-T X trensmittar used in the erperiment was 2 Syes POM 1, and
both transmoittears are connested to the gobel positioning system (GPE) to lods the time base to syrohoonize
the signals. Te to the inevitabdity of EFI transmission, there most be o consistent tims baze  The outpart
fromm both transnitters for this epaiment aan be obtained from the BF menitor port, which is scupled to the
trazemitter outpat. This experiment usss 100 m# tensmit power. The coupling signal a4 the BF monitor
port i= -3 dEm. By combining the BF signals fiom both transmitters, the BF powe iz appooximately -7 dBEm
afte combiring with two transmitters, snd this BF signal is connested toa 13 dE attenuator to reduse the RE
sgnal to roughly -3 dBm (signel loss in the mble and the combiner) or approrimatsly 87 dE w3y at &0 ohm
irnpedanee, whish iz suitable for experirents and sralysis. This ressareh uzes 3 ROVEER HD FROTAE DVE-T

Table 1. DVE-T2 paratcetars for Thatland

Faramete Walies
Frequensy &ld MHz
Bandwidth dMHz
Pilot pattarn FP2
uzrd intervel 1a/123
Constellation & QAN
Constellation rotation | Om

Code mmte ifs
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SDVE-E f T f C analyzer for the arperitment. The signal is meamired and stored in twa wages. The messnrament
dat= with normmel signel strength and minimom sgnal strength are moorded. The minitoun signal requirement
iz based on the low signal threchold at the quasierror free (QEF) eriterin. The Ht error mte before LDPC
(BEER) raust heae srror bit less then 1 2 107% ar 1 2 1077 after LOPC (IBER). Ancther method used to
mesure the GHEE oriteris is the messirerment of minirom signal strength that melees the quality of expeaiance
(0B} not mizsing eontinuonsly for no rore than 20 = ATl of the messimernent, dats. are obtained by shanging
the static locsl delay of the transadtter frora O gz to 270 ps, divided indo 10 ps steps. Each step is stored 20
times, and each time, the rewived dgnal power, MEE., BEEE., LEEE., and noise rmargn ame colloted. ALl data
are analyzed and emluated wsing the polynomial regression model (FERY, and the correlation eosffirient of
the norroal signel strenpth snd mindrom signel strengbh has bean snalyzed and presented. The mdndromn EFT
signal requiraments sre then verified for DVE-T'2. The equipment. of the SFI sxpariment is shown in Figore 4.

Figure 4. Eqdprrent of the SFM evpenrent.

4.1, Experimerdal parameters of DVE-T% for SEIT

The mirirur signel requirsrnent threshold for the EF wes tested using the roodulation parareters brosdasst
in Thailand. Digital telerision terrestrial brosdessting in Thailand i= reglated by the Ifational Eroadeasting
and Tdecororunications Commisdon (MET ), which sssigns parametars for broadeastz. The frequeney rangs
in Thailand iz 810 MHz to 760 MHz. This experitnent uses = frequeney of 14 MHz for tranemission. The
roaxirearn bit rate that can besent with this prrarmeter iz 27 4 Mbps. Cne ronltiplecer (MU san broadeast
4 ahannels, divided irto zix standasd defindtion (200 and two high definition (HO) shannds. The transmission
rate of esch data. chennel i= approcimetely 1.248-1 6 Mbps for 80 and 5.92-7.2 for HD. The change in the data
trarefer rate depands on the parformmanes of the parametar modnlation eneoding, For Thadland, the remiltz ame
2= shownin Tehle 1.

4.2, Minimum recsived dpnal required

D to the modulation of digitsl TV transredesion, mueh dats, transmissdon iz required, so guadrature smplituds
moduladion (AR i= nsed for modulation, which eonsiste of I signals. The phase shift of the I and @ sSgnals
mades » eonstellation point, and the dats syrobol will ssand by reference all of the dots in the sonstellation
point. For this resson of digital telerision transmission, the cartisr waae strenghh messurement & important for
inspention of the dgnal quality. Therdfore, the minirmm signal strength of G/ is important for the pereeived
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reedivar effinianey with the minitnmn ©T7 signal, which san be expreszed by the following equation:
CAN = Popg, — F — 10kog (W15, B), ()

where C/IV is the signal to noiss ratio (dB), Pawmse i= the minirmrmn signsl st the receiver input (dB V), F is
the noise generated by the ressiver (dE), K is the Boltzmenn constant = 1.38 & 10-% W5/K, B is the ressiver
noize bandwidth (He), snd T is the sbeolute temparature = 20 K.

4,3, Modulati on error ratio

The modalation error ratio (MEER) is a messure of modulation quality paformence for digitel televison. It is
mesred fom the eonpling BF test port at the transmitta or even from the broadosst rereption. For (uAhd
traremnission, the messured signal is in the form of & eonstellation disgrarm. The MEE. memmements mn b
showr, such as the dot amplitude and phess error in the constelbtion disgram. The weetor eror of the I
sgnal iz the wlue obtained fom the eomparison of the mesmremert of the idesl IG signal and aror I signel,
given. the surn of the squares of the ides] signal vestor dize (I;, Q) divided by the sum of the squares of the
armor veotor (8,86 ). The MEE. hes unitz of dE. Consequently, the MER. is aqual to the ratio of the mesn
aquare (FLE) betwesn the referense dignal and the aror weetor, 22 saleulated fom the following equation:

MEE = 100og

ol

7 Ly
e (17 +EEH)

T IR R ]

4. Channel proces

The prosessing effireney of the EFI signal ean be obtained from the analysis of speetrum wmaiation. The
eorapariszon betwesn the normally rereived signals and minirorn received signel required i= done by using the
eorrelation sosffinient method. The polynomisl regreesion model is used to prediet the behasior of BFIT signals
due to the shange of delay titne within the GI Verifieation of the shossn model is done to see whether it is
approprizte or not by residual analysis. Detads are shown 2z follows.

4.1, Specrum variation

The delay tire between two fransmitters and moultiple transmitters has = sippifiesnt effert on SFI chanmels.
The factor most afEeted by the delay time & the degradation of the rersived signal. The most s=were irnpast, is
the delay timeat 0 B, which & ealled the 0 AE acho. The meoedver is most afEeted when the signal form twa
trarsTnitters arrives at the rereiver at the suone time with the sane power level, 25 found fror the experirnent 2l
model. The stendard deristion of the spectrum in the § MHz bandwidth rangs is nsed to analyze the spectrum
wariation at esch deday timne within the GI The spertrum werdstion i=s used to deseribe the ehanmel [5], 2= shown
in TaHe 2

The equations used to evaluate the veristion of the spestrum due to the effert of dday time shift are
gtherad from the data, colleetion of the BFM transmission sxperiment a4 ©14 1Hs and 8 MHz. The =mpling
rate iz from 508781 MHz to 517943 MHz, with a sample spasing of 86 kHz for 94 sanples thronghout the &
MHz bendwidth range. Bach delay time session iz colleeted 20 times to obiain relisble data. A total of 1530
=rnples sre collented erery 10 ps throughout the G delay time which are then wsed for caleulating the spertral
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Table 2. Chanmel olasefioation,

Bpecturm variation (dE) | Channel
0= o=l Janssian
l=og=i Finian

T = B Faylagh

varintion for each delay tire. Egs. (V) and () deseribe the speetrur wriation:

-1
F = Y, )

where § is the mesn of the speetrumn powe, N iz the numbe of spestrum power sarmples in the § MHz
bendwidth, and pin) is esch powsr smonple in the speetium bendwidth range.

-1
BN ey o ®
T4 MN—-1 E
where 7 is the spertrum wristion, M iz the mrnber of power smnples within the & MHz spaetoum bendwidth,

1 iz sanh power sarmple within the 8 MHz spertrumn bendwidth, and F is the men of the spectrum power.

5.8, Correlation coeffi dent

The ecrrelation of the typiesl strength of the DVE-T 2 signal for SFIY transmisdion during normal signal strength
and minirmurm signel strength ean be verifisd by = correlation cosfficdent. Knowing the correlation meles it
poesible to understand how the two signel strengthe af8st the same reeeption or difErense,

P =eom(xy) = 2D AE i ], @)

where ¢ i the correlation eodfficient, X and ¥ are the wrisbles that are compared, gy and sx are the mesn
and standard devistions of X, and gy and o3 e the men and standasd deviation of 17

If we hawre serial dats. of the meamremantz, X and ¥ ean be written 2= o and 22, where <=1,2, .. 51,
for which the mraple sorrelation sosfficierd szn be used to etinate the Person soerdation » betwesn X and
¥, whish is the smple somelation. The soeffisient san be written a=

oy = S5 AE o T A9
(e~ Lsasy o — B L 5

where 2 and & are the mean of the randorn waeiables of X and 17, and 5, 3nd 5, aze the standard devistions
of the variables X and ¥,

{10}

5.9, Palynomial repression m odel

For estimation and predistion, the polymomisl regression model is used to inspeet and predict the waristion of
the erperimentsl data messurements. In this ecperiment, the messured wlues change over the dday time in
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the I, in whish the messurement data are wary diffrent. The use of this model is very usaful for snalyzing
data with diffrent flustuations.

The messurement data e gven as {(X, 1), =1, ., T}, where X, iz the delay time in the G, and I}
is the pradirted value. Thadore, the polynomial regression model san be written as

P
Y=oty Xl te, (11}
i=1

where & iz a sonstant, £p is the random error sondition of Xy, o i 2 parameter of the roodel, and p is the
order of the model.

The order of the polynomial regreszion modd in thiz study iz 4. In addttion, to irmprowe the nomeriesl
propatizs of the palynormisl repression raodel, X iz centralized and resized:

2=f=# (1

7/
where @ iz the mesn of X and o is the standard devistion of X

5.4, Residual analysis

Aftar shoosing the appropriate predistion model, validation of the seleeted model is wery important to beableto
Jmow whether the model shosen i= sppropriste or not. Model wlidation by checldng the diffrence betwesn the
artual messired values and the prediction walue is walled residusl anelysis, which uses the following emation:

e =g—H 13}

where ¢ is the error value or residual, % is the astual messured value or the obeerved wlue and % is the walue
fromn the predietion modd aesording to 5 e =10

£, Fesults and discussion

The r=ult from the DVE-T'2 signal analyzer is shown in Figure ©. The signel speotrum resulting from SFM
reaaption with a zignal delay of O ws is shown in Figure . It san be seen that the signal is gestly redused
throughout the & MHz speetrum bandwidth rangs, whish results friom the 0 dE echo phenomenon, The speactral
v=lue varied, and the power smplitude wes not the mme throughout the renge of the 3 MHz bendwidth cver
the 20z period of mesurement eeording. The masdmoum degradation wlue is approximately 20 dE from the
reesived signal threchold st soughly 40 dE . The recsived signal ot delay 0 ps exhibits 2 great redustion,
where the signal strength power from two transmitters i equal. The resalt is that there is no reveived signal or
int.erroit terd. recaption.

Fignre 7 shows the spectrurmn of the rereption =t = @60 ws delay. It iz arident that the spestrum is
significantly lesz than that at the 0 ps delay. The signal bes 2 slight deviation in the spectrumn. This i= dmilar
to the MFI reraiving signal. This figure shows the spectrum result of the theechold reseived signad of the ZFM

Figure & chows the remlts of the simulation erparitents bassd on the laboratory messrements to find
the rersived signal strength rommpared with the delwy time betwesn tpo transmoitters for SFM tranerndssion.
At 0 pzof deay time in GI, the demedation of the meeeived signel iz approximately 12 B from 37 dEpV
of approinate signal strength. The FREM is used to display the predictive wlue of the reeeived signal beesd
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Fraquenap (MEER)

Figure . Spectrum of the SFH recelving with a delay of  Figure 7. Specﬁmm of SFH recstving with, & delay of &0
O pre [ies

on the srperiment. The mdndrourn threshold requirenent of the DWVE-T 2 received signal in the EFM system is
roughly 8 dE ¢, The degradation rate is also dgnifissat during the delay period of O gz The degadation iz
redueed to spprowirnately 3 dE compared to the delay time in other time periods. The correlstion coefficient
was used to compare the eorrelation betwesn the normel strength and the minirom reesived signal reguired
threshold strenghh and it wes 0626, whish iz corsiderad to be in the same dirertion but not esmetly the sane.
Thiz experimental test of the delay times betwesn 0wz and 270 gz cowers the dday time of the GI. The GI of
the EFM paramater sstting for this experiment iz 206 u=.
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Figure 8 zhows that the MEE. of the mesived sigral =t normal strength is approdmataly 17 B which,
at a delay time of 0 ps, equites an ineresss of the MEE. by approcdmately § dE becsnss st this delsy time
the efeet of the 0 dBE echo canses interferenes and degradation. For the MEF. st the mininmm meesived signel
threshold, the swvarage walue for all of the delay times in the QI is approxinetely 3 dE, and » highee MEF. at 2
debyy titee of 0 p= of approvimately © dE is required. The eorrdation coafficient is 06873, The sorrelation is
in the mme dirertion for the norrel signal snd the minirmm s grel requined.
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Figure &, Coroparison of delsy snd power. Figure 9. Corparison of delsy and WEE.

The spectral waziation wlue i= shown in Figore 10 The spectrum of the reeeived signal in the & MHz
bendwidth range changes with the time delay of the EFI transmizsion between two sxperimental transmit tars.
The spactrum deviation for the recdved signal st the norrel recsived signal strength and the mindre] reseired
sipnal strength has a vaey soell diference and a high deviation 2z the dalay time appoaches 0 ps inthe sme
form. The spectral deviation is in the range of approxinetaly 3 dE to 3.8 dE, and thers iz a greater deriation
at the end of the GI. The sorrelstion coefficiert indinates that both signals sre smilsr and change following the
sme pattern during the warious delaes.

Figure 11 shows the sgnal stability from the noise margin that san be obtained. I the wlue is high, the
signalisz stable anough and iz not lost. The rergn to the minirmro reeeired signal requirsrnent i= appoocinnstey
-0 dE, and when the delay time approsches O ps, the higher noise margin is approdmately O dE.
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Figure 12 shows the laboratory messuraments of exparimental remilts, where the N at the minirom
reedved signal strength i= appoowimately 23 AE throughout the delsy time range  The delsy time period
approaching 0w will be roughly 20 dE, which mens 2 3 dE loss. Therefore, this signasl strength is more
diffirmlt to obtain, and at this point, an additionsl 2 AE is needed to allow the reseiver to resurme normel
recention.
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Figure 12 Companson of the delay and /10

The minitmrn requiremnerds for TWE-T2 to reedve sgnak in the SFI mode are shown in Table 2
The informostion in the table includes the mmindrmrn wlues thet zan be recsived in tarmos of the power, MER.,
spectrurn varistion, noise mergn, =nd OFI. Thess walues ;e spressed as the mesn and standard deristion
(BTDY throughout the delay range betwes O psand 280 gs DMormal vs. min. corrdation i= the relation
betwesn the normel reesived sgnel and the minimum reedved signal. All walues show that the rdationships aoe
in the zame direction, espeeially the wmlnes of the spectrum weristion of the normal reesived signal meeeption and
the moiniromn reedved signad rereption, with = correlation cosfficient of 08370, The Rsquared welue shows the
FEM order of & in error testz. All walues of B-squered are grester than 005, which mssns that this prediction
model produees resilts cose tothe aetusl experimentsl dats, proving its predistion suseess.

Tzble 4. Mindromn requirerent for DVE-T2 to meeelve sgnals o the SFH moode.

Minirrmra requirement | Men (dE) | STD (dEY | Hormel v=. min. corselation | Rrsguazed
Fowa (dExV) il 0. TEdE 0.6 206 05258
MEE. ] 1178 0.6dva norral
Bpectrum veriation ang 05822 iR o] 04263
HNoize margin 088 16144 0.oasE? i heird)
G 208 0.Téds 0.6 266 08288

T, Conclusion

In this resemrch, the minimum requirsmerdt of DVE-TE meeeption for = SFI wes mesented.  Laboratory
mssrernerts were paformed by modeling = synehronization test of DVE-T'E signals from two transoitters.
The experirnert was performed by changing the static delay of the transmittar for = peformanes test in the
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3l range to analyze the effert of the EFIT. The speriment wes rerorded and the recrefred signal wes inspested
by the DVE-T2 analyzer. Thiz resereh uses DVE-T'2 modulation parameters for brosdesst digital terrestrisl
talerision in Thailand for the SFI mode The miniroum ressived signal threshold of the SFI was sonfirmed by
the GEF aritaia test.

The expearimantal dats. are stored in large mmbers to ensure rdiabdity,. Bwery 10 us of delay time is
repestedly messured 20 times, dividing the delsy time into 27 ranges from 0 ps to 270 ps. We messured both
the rormel reception and modrdroarn receiving signal. The messirement data. were the power, MEE., spectrum
variation, noise margn, and CfN. The total number of memiremerds was B400 tires. The rereived sgnel
threshold af the QEF ariterda thooughout the delay time within the O corresponded to the rersived signal power
of 66.02 dE, MEF.of 793 dE, s noisemargn of 302 dB, snd G/ of 21.2 dE. Sinee the expariment was 2 olosed
systern, no multipath and edansl noise evisted; the messwranent clennd iz equivalant to a Risisn chanmel.
The limitation of this srperirment is that the modulation parameters are used for broadeasting in Thailand ondy.
The emluation of the SFM spacifisally analyzes the reedved signal powar from two transoitters that brosdeast
to the reedver at equal signal strength lewels, Thiz seererio i= the most lody to afBet the reedved SFI signal.
In reality, the signals from both transmoitbers ey reach the recsiver with diffrerd dgnal strengths. BEven in
= 123l propagetion charmel, the reesived signal will be afcted by the environmmert and terrain, which may be
difrert frorm thess results. Howerer, the srperimental results san be used as 2 goide for nebwork planning
design and networls effisianey imnprovement for EFI broadessting, 22 well 22 for designing = gep fillsr system.

Buture work will investigate the EFI effert in wericus delay time periods, in whish the dgmel strengths
fromn two transmitters are wnequal.  Additionally, erparirents with vazions types of riltipath channels with
the EFIT will be parformed to anslyze the effets of Ririan and Fayleigh ohennels, s wel 2 erpariments in
varions frequensy ranges. All of this cun be used == 2 guideline for designing = single frequeney natworlk nissly.
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Performance Evaluation of DVB-T2 Propagation
for Fixed Reception
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Absrract - The performance of propagation analyzie of
DVE-T2 {Digital Video Broadcasting — Second Generation
Terresirial) i very significand #r digital tederision
broadeasting, That will analyze the affecthvensss of the
setling paranwiters that we for suitahls of hroadcasting
This pap er provides the p erfrmance evaleationof DVB-T2
fox fived rereptionby the recewved signal measurenwent. The
field measurement were talen in Banglolk of T hailand,
along 20 kwations. The recewer wsed to amalym the DVE-
T2 signal providing several guality eanmwenwnis {Power,
C/MN, MER, BER, constellation diagram, ete,hThe resulis of
the shudy could b e useful for the nprovenent of DVB-T 2
broadeast suwch ar irancmdber adjustment and gap filler
tramsmitter inctallation to optimire the efficioney of digital
el icion hroade anting,

Heywends— DV E T, Flel seenpth, G, MER BER

I. IMTRODUCTION

The standard television broadcasting for today hawe been
chosen to digital tausnission. DVE-T2 (Digital Video
EBroadeasting — Secomd Generation Terrestaal) [1] systemis the
ome of the popular digital television broadcashng systern that
wsed around the wodd . This sy termwras developed fiom DVE-
T (Digital Video Bmadeasting — Terrestrial) [3] by DVE
Dzital  Video  Brosdeastng), DWVE-T2  system can
sirultaneos hansmission of nualbple serices and canbe set
different corfiguratem and resistat for miederence by the
confizuration selected. DWVE-TZ system 15 capdle of
broadeasting either fixed mwcepton o mchile reception,
deperding on the confignmmtion paraweter. Therefomw, it
mpports for S0 (S tard ard-definiben television), HD (lozh-
defirution television), THD (Tra-hizhdefinition television),
nobile TV, radio, or any combination of mualbple digital
broadecasting.

The broadeast effimlency ewalunation 5 necessay for
nomtoring the wsults of the broadeashing, In other wsearch,
there are research papers for evehiation novanmom C/H siznal
can be received by the variation confizuration parameters [5].
The meamrement performance of the porable reception [4] as

97E-1-4673-9749-0/16/$3 100 ©2016 IEEE

well as the meammement for different location of uban and
raral area. However, fowr stadies have wported on perforrmance
evaluation of DV E-T2 especially for fixed reception. The fleld
measurerents were taken in Bangkal of Thailard, along 20
lacations. The main topic for research are analyze the efficlency
of the broadeast and evalnation the suitable corfiguration
patameters of DVE-T2 that HETC (Hatonal Brcadcastng and
Telecormmmeation Commission] meonenend for broadcast
the digital tel evision in Thailand [5].

The wst of the paper is owgamzed as follows. Section IT
explain aboat the parameter nsed forbroadeashng, Secton OI
proposes the field measurement and amalysis. Addibonally,
Secton IV shows perftrmmance of the result of measirerent
sighals. Finally, corehisions are drawn in Secton V.

II. THE PARAMETERS TISED FOR EROADCASTING.

The Parameters of broadecasting is wery inpeortant for the
effect of weeived signal. The DVE -T2 modulation parameters
for tansnission i Thatlasd was sethy the HETC . The total of
trarsnut data is 374 Mbps. Exch of the nmlbplexer T
comtain for eight charmels. There are divided by the standard
definition television for 4 charmels with travsfor data mte of
cach chanrel i approccimately 1.28 -15 Mbps. The High-
definibion televis inn for 2 charmals with d ata travs for data sates
of each chamel 15 appeoxamately 592-73 Mbps. The
trars nus sion data rate deperding on the modulation parameters
comfinration. The parameters for DVE-T! hmadeasting
sumonarized m Table I

Table [. The DVE-T2 modul ation pararmeters for Thailand

Daratheter Wrahie
Eandvidi 2 MHz
FFT hids 16k Extendsd
Pilot Pattem T2
[m1ard Bteriral 197128
Covete Nation 64 QAR
Comstellation Fiotation O
Code Fate 35
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II. THE FIELD MESSTREMENT AHD AL VSIS,

A The pansngtter and miterma.

The field meanrerments were takenin Bangkok of Thailand,
along 20 locations in Bangkol, from the 25th to 2%th of Apnl,
nla.

Bangkokis alarge cibywith a popalationofabont 10 nullion
people. This city provides different recepton envirormmerts,
from dese urhan aweas to open space in the subuths
erviomrents.

The main trams nutter 1s located at the Barroke 2 latitade 13-
45'16 77 "H, lomgitde 100°32 25 34" E. The ardenna height
15 328 meters dbove the sea level the artenna bean 15 03
degzees. The transnutter consis ted with the DVE-T2Z modulator
and powreramplifier. The frequercyofbroadeasting comprising
5 MUZ. There are chanrel 35 (514 MHz), channel 36 (554
MHz), 40 (526 MHz), 44 (658 M=) and 52 {722 MHz) and the
tansmitter poweris 5 kW for each of MIUE . The artenna zain
15 14.51 dBd ard rmdiation pattern is honzontal polan=aton

B Modulation Frrar Fatio

The Modulation Enor Fatio (MER] s used to indicate the
efficiercy of dizital television trars s sion [5]. The MEE can
be meamred from the sanples temmnal of the transntter and
can be measured fiom the meeiver of the field as well. The
Modulation format 15 QAM  (Cmadratre  anplitade
nodulation). The quality theesholds for single constellabion
the I\ plane showrn mn fizare 1. The constellabon poirts used
toimspect the errars amplitade and phase. Those errors of vector
ate the remlt of the distorbion frequercy.

i

A CQualsy Thrashokl Boxes

Neanmal, Inter-symbol
~ Dgcison Boundary

L s _,'(
— —_ —_——— e

Fizae 1. Cuahity thiesholds for single cons tellation i the
L% plane

The error Vector of the [ 51znal that comparisonbetreen
the ideal siznal and the erorsignal [7] The sumof the squares
of the magnimdes of the ideal synbal weetors (77, D7) is
divided by the sam of the squares of the magmitades of the
symbol error vectors (857 507 L The msult, expressed a5 a
powrer ratio in AF, is defined as the Modnlation Frvor Eatic
(MEER). The equation 15 s hewnin equaton 1.

2l et
MER = 10 Jog g | —-——— LB i1]

PACERE

O Mininaon receiver signal g levels

Tnie o the modulation of dizital television transnussion system
required to transmmitlage amoants of data Ituses amedulabion
type QAM (Chiadratore anplitnde modulaton) or PEE (Fhase-
shaft keying) boed on signals mach as CW (Contirmaous wave))
willbe equipped with I siznal. Hormally, The 5 iznal I0) have
meved aat of the fiequency spectrm for the phase. From the
phase and amplitade of I s1znal that change. Itwillbe crated
on the spot Constellation diagram by a point that will be the
posibon of the data sewt to symbol. For this weason, for the
trars noss1on of digital television To measiie the stength of
the camier to imerference is importart. To demonstrate the
quality of the digital modulabon. Therefore, finding the
mimnrun signal stiength of the O {Carnerto-nois e rabio) is
maportant to the understanding of the perdfbrmance of the
receiver ard C/H as low as they can get a signal. The equation
is showninequaton 2, 3 and 4.

Palin dBW) = F +10 log (k*Tu*B) i
Py win(in dBY) = Pt CFH 3
e min(itt ABUT) = Be mint 120 + 10 Iz (Z4) ()

WhenP is Receiver noise bandwridth [Hz], CiH s EF siznal
10 rolse ratio required by the system [AEB], F 15 Fecelver noise
fizure [dE] Pnis Receiver noise input power [dEW], Ps mun is
Muumum mesiver sighal ngut power [ABW], Us non s
Minmm equivalent receiver inpat voltaze into 21 [dEu¥], Z1
s Receiver inpat nmpedance (75 L1 ) and k i+ Bollmam
cowtant = 1 359%10-23 Ws/E

I JHenal Deteation

The MEF was meamred from the DVE-T2 receiver
analyzer wia the amerma. The recerved sigmal  after
demodulation will be meammement. The appmsamate of MEER
at M AR to zive Bit error mte (EER] ahont 2 107 This is the
estmate of rmronoom thres hold that accepttorecenve the dizital
television of DVE-T2 and television can watch noomally. By
this point, is defired as the bEER. cor BER hefore LDPC {ow-
dersity panty-check). The BER after LDPC decoding 15 defined
as the aBER or after BEE. that can be reduced the EEE 40 2 x
10" After that, BEH {Bose-Chandlun-Hocquengher)) canbe
reduced the BER to 2 x 107" [B] The block diagvawm of
mesurenent s shown in fizae 2
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Fig:um 1. The block diagram of the meamemert signal

Those of meammment used wceive anterma luzh & meters
ahove the gronrd level . The weoeiver analyzer measurement is
ROVEE HD Pro tab that 15 used for measurement for 20
locatiors awmrd Bangkal. The meamremert taken fom
different distances and differert envirorenerd fom 1 kmto 45
lan. The locations of mesurerment ae shownin fizare 3.

Fizur 3. The positicns of meamrerment, zieen mark is field
meammemernt and red mark is transnutber station

IV. THERESTLT OF MESSTTREMENT

A1l of field meamrenments are use SFH {Singles fiequency
retrods) [F]. That means each of measirement point was
meamred by the one signal souwe and addibon with reflact
signal (Multipart). In some cases, the mwceived signal strength
in soane locations are equalbut the MEER of eceived s isnal may
ot equal. Because those areas awe obs oured by Inteference of
amvimmvent.

Figure 4 shows the conparisonb etereen the dis tance and i,
The tend Lines are showrnwhen the distance iroreases the C/H
ae reduced. Althoogh in some cases for example, at the
distance of approwimately 31 ldlometers. The C/H
approdmately 47 dE from the measumment, while at the
distance of 14 lon the C/H 15 appeocdmately 55 dE6 . It shows that
at a distance closer than the received siznal is helow. Becaise
the pont of neamrement location at distance of 14 km havwe
more obsoire and interference by erviomment more than the
meamrement point at distance of' 31 Jan. This 15 the ob shuchon
and mterference caused by the area wlere meammement,
becarse some location has tall buidings and  density of
tmildings. That was maldne diffimalt for sizmal weephon. The
comparison of 5 frequencies is presented by the frequency of

5% MHz have more attermiation by distance momwe than the
ancther frequency as the tend lines are shown

5 p T ¥
I z L] " {l-lb
s e o
e r—
| —
. *
» i
@ |.* 3 1
Qo
25
'
b
15
10 i
a
] i g 20 ] { a5 ! 15
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Figure 4. The conparison of distance and C/H
Distance vs MER
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Fizure 5. The comparisonof distance and MEE

The conparison of distance and MER 15 presented by 1fthe
distarce imorease the MERwill decrease becanse the delay firne
of signal and the reflections of mmltpath effect on the
enviromrrent is effect for recerved siznal. The delay time and
the multipath effect malong the phase and amgplimde of
fiequencyis s lnfted. Those of results maldng the I7) siznalwere
changed. The ®sults of MEE affécted finm the dis tarce change
15 shosn mn fimure 5. For example at the locabon pont of
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distanre is approwimately 58 ldlometers is presented by the
MEE is appeoecinately 58 dE whils at the location point of
distaee 15 approdimately & kilwweters the MEERE is
approcamately 15 4E, bacanse the ares of the meamrement at
distance is approvimately 38 ldlometers the locabion 15 open
space ard no Dferference, as a resalts that zive the MER
meaniwements s approimately 32 dB, while ot a distance 15
spproarately & ldlometers the MER & quite low and
approzamately 15 dE, becanse that area has heen
over hadosred by interference. The results as shownmFigne
5. The trend lines shows the frequencyof’ 658 MHz1s nrreases
the distanre will make the MEE is dropping faster than the
arother frequency.

The before Bit Exor Eate (hEEER] 15 used to meamiremernt
the BEE before sert to the LDPC blodk., The perfonnance
quality of weeived siznal for dizital television ansnussion
DVE-T2 is indicated by the mexsurement of hLEEER. The results
are s howrn mfigqure 7. When the MER s Jizher will male the
LEEE 15 decresed. For example, at the poit of MER i
approzamately 7.5 dB that make the b BEER 5 approramately
93 107 thatis s hown the hBBER i5 more srvor very quickly. The
comnpatisonbetreen the MER at 12 dE 035 45 will make the
bEER is approcdmately 3xl0% and the ervcr of hEER is wery
lowr. That mears the mininmm of MER is approcimately 124E
canbe normally for receive DVE-T2 signal. The companison of
5 fiequencies s not differert fiom the measurement. The trend
lives ave shownin Szare 6.

MER vz bBER

bRER

Fizure & The comparisonof MER and b EEER

From The reamrament signal fiequency of 20 locations and 5
frequencies of BITE faor this researrh. Previous the wsults that
wpweserts when the MEE 15 approsmately 15 AE that 15
suitahle for received sigmal normally and few wvideo eror
Therefore, the proh ability of curmulative dishibubon fanchon
(ZDF) of raceived signal thats hewrn infigure 7. The fiequency
of 514 MHz canbe given the MER 15 appaoximately 23 dE. The
frequency of 534 MHz, 626 MH= 658 MHz and 722 MH= can
te ziven the MEE 5 approsimately 27 dB That mears the

fiequency of 514 MHz provide the MEE for received signal is
higher than other fraquencies becanse the lower fiequency can
be hardly fromm irderference than the gher fiequency.

praalaity

Figure 7 The mrulative distribution funection of MER

W. COMCLITSION.

Tlis paper presents the perfbrrmance evahiaton of DVE -T2
for fined wcephon, whichwas conducted after the NETC has
set the appropriate parameter for broadcast the dizital television
in Thailand. The siznal amalysis fiom this paper demomstrated
the effect of O/H, MEE and LEEE fiom received siznal by the
differert distance, locations and emsmmment. The fiequencies
of the transmiter for hroadeasting represent the difference of
fiequencies have differert efféct and atbermabon m the
propazation chaoels. The remlts of thns stady represents the
efficiency sizral of ligh frequency will be reduced by
attermation rather than the low fiequency at the distance
equally. This stady of siznal analysis was meanwed in Bangkek
metmpolitan avea. In this city have tall buildings and demse
uthan areas. This analysis provide mformetion for fied
reception characteristios  therefbre muay not covwer the
measurenent and analysis for mral area. The aea oatside the
EBangkalk hawe the low noise and lowr iterference, for this
reason the ramlts of ths amalysis coald rot covered the abowe
mentiored. The fitare reseawh will analy=e and evahiate the
signal i areas cutside the city ard maral aeas which have mot
dersity of tuilding and popalation. Hewrever, for this research,
The resalts cf the stady conld beuseful for the mprovement of
DVE-T2broadeast nach & trarsmitter adms brvent and zap filler
tramsnutter irstallaion to optinize the efficiency of digital
televisionbroadcasting.
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Abdracd—In this resear: b presents lboratory expeciments for
analvzing the Single Feeq uency Mebwork tearemision of DVE-T2
by using bhe ceal teansmitter and ceceirer in the scperiment. The
main objec bive of Ehe ceseacch was o stedy the SFIT threshold
ceteplion for broade asting by aoalyziog aod eealoatioe the e fe: b=
of the delay time between bwo SFIT transmittecs withio the
mard interval time, The cesults of this labocatory ecperiment
provile the information for customiziog the SFIT broadeastiog
sysbem to optimization and design for Single Freequency Mebyork
broadeasting system.

Index Teome—TSingle Frequency Mebwork, DVE-T2, Threeshod
Signal Hequirement

I. INTROLUCTION

The Single Fremquency Metaode (3FT) [1] of Digital Video
Bmadeasing-Serora Genemton (OVE -TE) [ 2] system iz very
siprificart becanse the AFIY hroadeast can be mdoeed the
cost of broadsasting for lape mcspton covernge amaz, The
SR systern can rechee the BEF power trarerodssion at the
station by adding a sub-station instexd of vemE a high poer
trareroatter, This fechrique 1= different fmrm the ald days fhat
rost use the Wwoadeasting wath hiph power transroission to
over the coverage amas, Mevertheless, the hroadeasting of
the SFI sypstemn iz mom coropler than the hdvld-Fraquency
Hetwogk (MBI transroission especially the immpooper instal-
lation ared confipration may be the mason why broade asting
iz rot perfoaTning as desired. This poblern can b cansad by
irfedemres cring the delay fire within the poard intecval
tirne, also Jomoan & inter-syrobol intedersance (T, which will
canse the coverape aea to fail,

There are roary knds of mseamh on the effectivensss
of SFH, In [3], the JFH efficistey analysic 1= cormpamd
with the mimoladon results, In [4], ther am stodies on the
developrrent of several pammeters of stoall-scale fading of
a digital TV tramerriszion for SFTT portahle and roohbila m-
ception In [5] the net gross SFIT analysis was pedormoed in
the S130 trarerrizsion mode to calenlate Single Fragquency
Metwork San (3FII3) ared thew we many move studies at
evaluation and atalysis SFMY gain [6-10], However, there 1=

fathapom Phoroseon g
Factdey of Engnesring,
Fing Menglae's Irdnae of Tecfmology Ladiyabang,
B anphiol, Thailared
zathaporm prigkonitl ac th

Little research on the effect of delays between traternitters in
SFM systerns, especially the finding of SFI thuesholde that
an b received the spnal becanss of the delays changed, This
rassaeh presents the received sipnal theshold bacansa of acho
delay hetwest tan SFI transroittess,

The mst of the paper i= oogarired as follows, Secton 11
prsents owr labomtory experimerts roodel, The SR sgnal
tacede] 1s explaned i Jection I, The propose andd apply eval-
nate andd analyss techrigque based on laboratoey experimerts
in Jection [V, The result is discusseqd in Section W, ared the
corcluslon is prserted in Jecton VI,

II. LARCEATORY EXPERIMENT

Fiz. 1. ZF scpasinant sysam,

Figne | shows the SEIT laboratory esperiroert block dia-
grar, The TEMI signal was sert via zatellite o IED receiver
the brand of the moetver 1= Haronie, The T2-MI signal was
zanit 1o the traremitter which in the T2-MI s1gnal contain the
mechilaton index as shownoin table 1, This sxpedroent vses
tao taremittess, the brand of the transmeitter iz Syes, The
Jewsy to SFIY axpedrosnt iz the signal of all of the tanswotter
in an SFI netaorle rost be same fraquency, same time ard
sarne data, 3o, we use one signal from JED with two SFIT
traterndtters for this laboratory erpedrnert, Both tarsrotters
nze OPS to syreheorize, The signals wer commbined at the
combiner arel were moxed agun with the HMoke Generator 1o
rachce the O for finding the SFIT threshold mesive sipnal,
The meetved dgnals wem analyred and data recodad by the

o78-1-5386-4085- 71843100 €2013 IEEE e
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TABIEI
MomrATas INTE: I7 T2-MI SGRMT.

Taarate: Wl
Faeaque ey 514 HH=z
Dandwidh K=
Tk Tattacn T
Camad Iberval Tz
Comnstellaion o T AR
Constelbtion Fombicn Cn
Code Fata ElE

A Datz Process

The aquations veed o avaluate the vadaton of the spactnrn
that due to the effect of delay tme shaftis peting from the data
colleetion of the SFIT transmoatting experiment at fraquency
4 MHz BW at 8 MHe, The sarpling rate 1= fromn 506,761
MHe o 317543 MHz with the samopls spagng of 80 JHz
at &4 sarnples theoughout the § MHz bandandth mnge, Each
Twelay trme session was repeated moe smwernent for 20 drmoes 1o
aedible informoation, Al sarples for each delay tme equals
1220 saroples ared collasted svery 10 8 thaoughowt within the
CI tirne, The samople data that vee for cabolaing the spectral
wariation of each delay time are shownin aquation {7} and {2
whers descpbes mathernatcally the spectrrn vadation.

1 M1
F=g5 Lok ()
=0

where § i the e an of the spectoarn povwer, IV is the moarcher
of sareples in the § MHz bandwicth and g 1= the power of

sach sarnple
T
033':"'W (2

where 7o 1z the speetommn vanaton, IM iz the romober of
zarrples in the 8 MHz barehwndth, o 1 the saraple poser, ardd
£ 15 the mean of the spectnmn power,

III. 3FM J1crar Mool

SFM reception 15 cavsed by the signad meapion fom the
remltiple tareritters within the samne G fire, The 3FIT
signals recetved forn oltple taremittes ace the diffaerce
in sgnal stength argd the phase shift of frequency as well
as the Doppler effert wwhich makes the sipnal distorted o the
propagation chanmel, The received signal of SFIT 1= shown &=
an eqUatiom.

w(fs = Falt =) wealf) 3
where defirang F; and % iz the charmel iwpulse mepoTse:

anvd delays fiomn each transrratter in the SFI systern am visihle
from the recaiver,

Even though the input sgnal of the recsiver is properly
syrehionized, However, the outpart signal after FFT dernoch-
lation moay nof be the ame as the odgnal sipnal, The camer
signal derived fiom reception in terros of arnplitode ared phase
froro FET dernosdulation may be affected by the charmel, The
complexdty of the amplitude camier wotes the equation as
follona=,

Vot = By Xt + Mooy )

where X iz the comnplex rodulaton symbol constellation
of the carmer k and the syrabol 1 of the originally transroitted
sigral, Yy is the amplitode of the recetved sipral amd By
1= the comnpler frequency meporse of the charrel n symobol
1 by sampling fequencies f, ard My is the noise signal on
the meeiver 1= added to the system, Smee DVE -T2 recoivers
can receive sipnals fror Contnomal Pilots and Jeattered Pilots,
Charmal &vahiationes can be achisved by pemsteing the infor-
tnation sent by those the pilot cells can be sxpressed by the
following equation
T iy
Bl =, = Berh T )
whese () is the coroples: arnplitede of the sefemree pilot
cells, %When deferding the rowaraurn channel comestion valve,
the charmel respomse 1= defined as H;';;. The e orly
refarence calls k1 In fact, the channel resporss iy vades
with femquency and tira,

IV, Porymowial REGrEss1on Moo EL

In thir paper, we vse the polynoral repmeaon oodel to
estirnate arel prechet the change of siproficart valves for SEIY
thieshold signal reception of DWVE-T2, Te wse this moodel
10 analyze the spectun varaton, T/ of mondromrn meerrs
zipral requirerert, KEE, ared moise margin @ shown in the
following, equation.

o =+ o’ 4+ foa® + 4 fd™ 42 ()

where 2 = 1,2 .. n, 31z polynordal sepmenion roodel re-
Fponse, 1= vadable pararieter and & 1= coefficierd pararneter,

z 1 oy oA o [Ha £1
b 1wy o | | A £2
| =1 = Gl MR S
. N ’w"§ al ﬂn s;z
d= X7 42 2)
& =xTatxTg )

Can be watten in Matox in temns of X, 4 is the response,
I= parameters ared £ 15 vector of an vmotserved mrelom

=0
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erroe which ae irclepercdert values, The rows of X and &  value as shownin the fipne can be seen as the moindtomn erms

we cornposed of » ard 3 for sach b of the data samgpls,
The roodel is based on Equation {5, (8] and (7),

s, = 064087 — 065357 — 2RELF
1238t 4 280t 00 {10
1 Bfe® 4 05 Bden 4 2044

s = —0.3325° 4 02638 + 1.63605
— 028" 0 B0t 4 008k e
10682 —0.717de + 2250

= 10457 —0 62257 — & 2162°
To0a0et B st _ 2000 1
— 4 B 4 0 A0 4 7 918

Bt = 1 DBZe® — (.82 25007 — 5 298F
42098 FRELt — 201%° 1%
— 4. 207" 4 0LE7UE: 4 —E.534

where B, %00, BMER, aldd Zhee 3 the polyrornial
mpression mmode]l meporse of spectmn vadation, T, MER
and roise Trargin for S threshold meares sippal of OVE-T2
a5 shown followang equation (5, (%, (100 and {11},
A Reddu! Analyis

After choosing the appropriate prediton hlodel, Validaton
of the zelacted model iz very irapootard, In osder to be able
0 lmow whether the roodsl chossn 1= appoopdate or not,
Model vahdation by checlang the dffemres between the
awctval measred values with the Pradicton valve 1= called
Eesidual Analysis with the following equaton.,

e=zy—% (14

where ¢ iz the emor vave or Beadnal iz the actnal
Toeaswred valve or the observed value and £ 1= the value fromm
the Precietion Model by 57 a=10

W, EEswLTs AMD DIscUesIoNs

In figne 2 presents the Spectnmn Vedaton of 8 KiHz
harebaidth, which is the BW of the D'VE-T2 trmrerrdssion of
this resaarch, The vanation of the received signal spectrum
iz displayed as the staredard deviaton of the power spectimmn
of the & MHz bandwicth, The power magnimde vanation
troooghout the BW mnges compamd to the delay within
Ol times, The result of the mesved signal from lahoraony
af periTaents, 1t 15 evident that at 0 g of delay fimne, the spactral
varlation 1= vastly changed &= shown 1= approsimate 8 dF while
the spectrurn vadation of the delay time mnges fom 10 gz to
I pe = & inthe range of 2.5 dB - 3.5 4B theowghot the G
e, For the verfy of the polynomial repmenon model veang
the meldnak ermor analysz, The corpans=onof the Polynonal
Fepmsesion Model and actual sxpenmment valve have a sirilar

iz approcdrnate - 008 dB aned maasdnomn evior ot roce than 0.4

Fig. 2 The compasison of Daby and Spectom vasiabion,

In figore 3, shows 3 cornparison of delay valves across the
Gl range ared G/ valves obtained from laboratory expen-
moarts, In this aepedmnent, the 0 gz delay sipnal iz igificantly
rechiced as shown in Fig In fast, at fhis poirt, the =ignal
stmngth is o mquied i the effectof 0 dF echo. The value
of G thromghont the delay perod 1s appecnimately 22,5 4B,
The PE riodel validation has a odrdrcon sooe of abowt -1.5
4B and a masiromn of about 1.5 4B and the average amor of
ot oo than 0.5 4B,

Fig, 5 The comnpagison of Deby and ST,

Infigne 4, the MER value which mpresants the quality amed
afficiancy of the received sipnal at the raceiver, The irdrm
MEE that can be raceivad at approximetely 3 oF thoovgho
within O] tree, At O gz, the sipmal iz subject o severs
fluctnations becavse of te sffact of O dB echo, it requires a
very high MEE o the recetved signal success, so the receiver
rarprired the MEE af appmdrmately 12,5 4E, which is higher
than the average of 5.5 dB for the suocess of signal meeption,

31
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Fiz. ¢ The comgpasiso n of Deby and WEE

In fipwe 5, shows the compaison of the delay and Moisa
roasgn, The roiraroomn value that canbe mesvwed by the noise
ToaiEn is appeoerirnate -8 AF along wwithin fhe G fime, In the
dalay O piz, requires 3 madrorn ooiss level of O dB. AtD e
the signal will fluchmate damatically becavse of the sffact of
0 4E echo, thns increasing the dernarcd for the noise maggin
o be ahle to mesive the sipnal, The meidnal enmr of verifying
PE roodel i= abow 0.0 dE, the moasdremra i= about | B, and
the roitdromrn is amnrg -1 4B,

Fig, 5 Thea compasison of Dby and Moise masgin,

WI, CoITLUSIONE AND FUTURE WORK

In this papes, presernt sxperirernt in the laboratosny vang wal
trarernitters in the tooadeast, We expedrnent with the JFIT
trarernission on the 8130 roode of DVE-T2, This spearment
has shown the effect of mesving sipnal delays betassn tao
SR transroatters thooughowt the Ol mnge of O @l 10 270 42
andd fincing, the rodrarooarn ceceive signal mome or theeshold
mraives sipTals for the SFIY meeption by nang DVE-T2 mood-
ulation pararneters for digital terractial telavision broadeasting
in Thalared.

The sigrificant valves for SFM Threshold or mordroorn
requireriert recelve signal was Spectrum Vadation, MER,
IMotke margn, "Wa vse the digtal talevision analyses for saving
the expentiartal data ared vEng te polynordal repression
rordel for data evalnation and aralysis, Based on the results
of the aypermert, the averags value of the spectnmn vanation
iz approedrnately 2B, the CTY valwe i= appaosdroately 23 dE.
The MEE value iz around & dF and the noise marginis aboit -
& dB, The data abtained finrn this wse aeh is ssperdally nesful
for the desipn and optirnize irnprovernent the SFIT sypstern,

The fume work meearh is the speiment in hroads asting
from the mal snvimroent, This will he the exarsion of
the red propagadon charmel model, which will bang ahot
irnproved the evaluation of SFIT signal rmodel in oore mliabls,
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