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FFT size 32k extended
Guard Interval 19/256 (266 s)
Modulation 64-QAM
Code rate 2/3
Pilot Pattern PP4
Rotated Constellation none
ons1Ungegn 27.4 Mbps
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Highest

C/N value with
rotated
constellation is
higher than
without

Not recommended.

The tests with portable reception indicate that shorter
interleaving interval (10ms) is to be preferred.
The FFT size of 32k allows a higher bit rate because of the

shorter relative guard interval. For that reason 32k is a good

choice for portable reception.

The field tests with portable reception were carried out with
PP2 and PP3.

The tests show that PP3 results in the lowest C/N.

For portable indoor reception : the choice is PP4 (theoretical
considerations)

The tests show that with extended carriers no real deterioration
of the adjacent channel protection ratios took place. Therefore

extended carriers are recommended.

The tests with portable reception show that the results are not

as good as expected. The gain of less than 0.5 dB did not
Gl 1/4 and PP1

compensate the additional overhead of 2 to 4%, which
cannot be used.

expressed in a C/N loss (depending on the choice of
parameters) is in the order of 0.5 dB.

no test results because the equipment’s option was not

available
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Service Multiplex Number of Number of SDTV services
category capacity  HDTV services
Public TV 2 3 As many as possible in the remaining capacity of two
multiplexes
Community TV 1 0 As many as possible in the capacity of one multiplex
Business TV 3 7 As many as possible in the remaining capacity of three
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Figure 1 Efficiency gain of statistical multiplexing
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Service Required average bit rate (Mbit/s)

element

HD Video  5.95 to 7.2 Mbit/s depending on encoder efficiency and number of services in the
multiplex

SDvideo  1.28to 1.6 Mbit/s depending on encoder efficiency and number of services in the
multiplex, whereas in high quality SD in critical scenes 2.4 Mbit/s may be necessary

Audio 0.096 Mbit/s
Data 0.35 Mbit/s
Total HD  6.40to 7.64 Mbit/s

Total SD 1.73 10 2.05 Mbit/s
Table 3 Reauired bit rate

WiehA1dnsTeyaann1susanansTIRuNAINmNIuGEen (option) dusuinuiu

Poe31en15vesUsemelng anunsoasulananisasuansil

0. nitlgunsalidnshadyyinninuazides (encoder) o1duwmalulad MPEG-4
Tudagdu
Multiplex Option 1 Option 2

SD HD |SD HD
Mux A o 4 6 2
Mux B 0 4 6 2
Mux C 6 2 6 2
Mux D 15 0 6 2
Mux E 15 0 6 2
Mux F 15 0 15 0
Total 51 10 45 10

Table 5 Multiplex composition options

. N3tgUnalin IS IMNMKALIEES (encoder) anfemnalulag MPEG-5

Fawauvulusums
Multiplex Option 1 Option 2

sD HD [SD HD
Mux A 1 4 8 2
Mux B 1 4 8 2
Mux C 8 2 8 2
Mux D 16 0 8 2
Mux E 16 0 8 2
Mux F 16 0 16 0O
Total 58 10 56 10

Table 6 Multiplex composition options

ANENUTNENY LauaUUININITNAFRUIaEUSuAdRI1UaYavRId 1NN LFBY Uag

v
v

Yoy TIUNUszavEnImannsly statistical multiplexing lagasusail

al

o. nagaUluNuNsUdy uNldyIMUTIFIINNITIUAIY

4
L & v Y

b. dyaravididmeiuaunsalidisia (encoder)  mIsludygranidnunn

9

) 1 adl
Weuwiagale

SwuNansaLduuTssuziuaumaila ®
dwfunsnaaesssuumssudsdygaivglnsimilussuuainea



M. AITIINNITNARBDUAINT 8RBT SRR T lauaLus YD IaNA N
InsANUIANTZINaUsEINA TU-R BT.802-1 kaz318914 ITU-R BT.2245
€ NMSNAABUAITAINUASNWULIBINITSUTN (Viewing condition) @0AARBIATY
UDLAUDLULVDIANANINTANUIANTEIINNUTEWA ITU-R BT.2022
& fviuaen fixed bit rates @Sy SDTV 10U e.00¢ Mbps wagd1miu HDTV
W o Mbps
b, dmiunmsnaaeu statistical multiplexing Aasnageulunsel el
~femsemisumnsinai
- Sndeyaadsmsuiulriaenndesiuteiausuuy
- dadeyageanmisdulumude ¢

SwuNansaLduuTssuziuaumaila ®0
dmsunismeaessruunsudsdygainginsiedluseuuiinea



&. N1FIANNIANBLAZHAUANLTUNITNTIVINAYYIUAIULATINITNAADITZUUNITSUA S YU

Y

¥
A A

nsvAdnanufulussuufInea

ANNEINUY Favhadlanazuiua U159 Indy g unulATINITARRITEUY

[

’y) I Y 4 ¥ a aa @ & § v o a
nsSudedyaraulnsiainiaiudulussuuidnea” Tu Welmlunseuuuanislunisaniunig

)

a1 indealnsvirinianufulussuuAInea lnunaniesgaziduniiine a9l

o

-~ aufun wavdhunanifivesaariniaiun

- ANANYEIANATATDITEUUAILAEA18DINAVURIATIUNEN. TUuTI
N1INAABINAZDUDBNDINIA

- wdwesnamaianudelausuurvesrmrfivinvainlasanisainy
MLOAUANNMNINTANUIANTENI U TZINA

- Imw'wLLazmﬁL%auﬁaqﬂmaﬁﬁm%’umsmaaaszwmi%’ua'q Heynynod
Wglnsiimiluszuuiineaves mu.g

- hUszasAvesnvndou

L pmTveInIsadeULar s s Tadyanasfietudusazmannimes
48458 UU DVB-T2 fivsneay

- BNUNSALTUNITNAADUAYQIM LASINUNITIANITNINEINT

- MSINUAIANTNAEDY

- BUUTYNURNANTIINAERU

& ' o a v o ) o ¥ aa
Teazdearlouarusudiiunmaaindygrumulasinsmassssuunmsivdsdyaulnsiadneiuaulussuuidneausingluniauuin

SwuNansaLduuTssuziuaumaila ®
dmsunismeaessruunsudsdygainginsiedluseuuiinea




b. NIANLTUNIANET KaEAATIZENITMAGRITTUUNTSUdsdyyIMIngInsiAdluszuuRTnea
(N15USulaBuygansines ans1ln aua iy sauden1siivuaideny wazA1dug 9

a v
1N8UVDY)

n1sUSuasuganIsaines

a

nsaLiunsaaesseuuMssudsdaaineinsyirdlussuuidneatu lavinnisusulasu

a 3 o A & A Y Y P v Y] ¢ U A
%;mwwammawmﬂﬂiﬂ LW@ImUWUWGﬂ\Tﬂ ﬁ'ﬁJ'ﬁﬂani}Jﬁyflﬂﬂﬂ LL@%LW@MMNW&J’J@QUWGM UUABD

a1u1305Udyey1umuy Portable Indoor 1 lnen1snaassesnainialasiunisusuldganisines

[

N

2De

o. YmsiweiEud mudeiausiusvesnueiuinwian MU (Fdsdannumanzaimg
wiatindmsulsswalnelazaenndosiuuleuieves nansy.)

. U%’ULﬂ?iausqmwwswﬁma%wé’amﬂaaﬂmﬂammﬁamaﬁmé’mapm

n. U%ULU%EJH?J@W’]T]JTIL@@%Mﬁﬂﬁ]’mﬁ’m’]ﬁmi’wﬁ AT margin AN 18" AENaY
PnilddBeavusyuuds DVB-T2 vas nu. &

cd U%J‘ULﬂ’gEJH“QWW’]?’]QL@@%%ﬁﬂmﬂléﬁ/l@ﬁaU%U HEQ1TINUATITOU LaZNAADUNITTU

o d'

daavnziadauil (mobile reception)

ansnasunsUsuasumsfivesla Awmsen ¢

SwuNansaLduuTssuziuaumaila ob
dmsunismeaessruunsudsdygainginsiedluseuuiinea




A5199 &

2 |
NNABNN @

nsUsuaeugannstnes

RNGRRAC)

FFT size 32k, extended 16k, extended | 16k, extended | 16k, extended 16k, extended
carriers carriers carriers carriers carriers
Pilot pattern PpP4 PP3 PP3 PP3 PP2
Guard interval 19/256 1/8 (224 us) 19/128 19/128 19/128
(266 ps) (266 ps) (266 ps)
(266 ps)
Modulation 64-QAM 64-QAM 64-QAM 64-QAM 64-QAM
Code rate 2/3 2/3 2/3 3/5 3/5
Rotated off on on Off On
Constellation
Bit Rate 27.4 Mbit/s 26.2 Mbit/s 25.6 Mbit/s 22.96 Mbps 21.975 Mbps
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asUnanisiloury wagdiasnevisyuuas DVB-T2 189 MU, & (ol uau bedo)

& -

T
Tektronix
Video Quality

Monitoring

UM o Ufanlnozunsuvesszuuas DVB-T2 Tun1snnasivndeuved nu.¢

NMENdININAaBIeanaIN1e AnziLlainsnsindyann waniiudeyaainnisiury
Y09 NNV, & WU el

(%
a v o

Y199 [N UAEY

1970 I BeNILAEIATIESEUUEAY DVB-T2
flunau beeo Balddeaglanuienlnezunsuvesszuuds DVB-T2 muguil o I deoludl

&

®. source video 11910 o @73U A9l

i dyaunnananiisy
- A58 DVB-S, MPEG2 oA source 310 CH3, CH7, MCOT wag NBT

- n3dl DVB-52, MPEG4 16iuA source 910 TPBS SD wag TPBS HD

i dyanuninain CH5 Wudygalnenssann Head-End 903909 ¢
ayout 2ONDINALALATIAN Video Server

i, dygrunin @i HD-PL
. Encoder ey Multiplexer
i NISAMUAYDITIENIS
- ANUANTAUNF (SD) o B9 (CH3, CH5, CH7, MCOT, TPBS_SD way NBT)
- AUANGAZT (HD) o Y84 (HD Playout waz TPBS_HD)
i AIAmuUASRIINTTdYeya (Data Rate) dwsudayaraunin (Video)
- SD NMUUAYI @ — en Mbps
- HD AMuA%29 b — e Mbps
ii.  Mvualignsnisdstaya dmiudyaaudes (Audio) den e kbps Tuusiag
Youdes lnsunaztessen1sldygraidusiuuansdeadss (Stereo)

’ tenansasuRan1sBeNT wardinsgissuuds DVB-T2 vad nmue . Usinglunianuan ¢
olcd
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iv.  fviuean Traffic Shaping Multiplexer lngniuaudnsNdadoya lany
TN 57 bl Mbps
v. el Traffic Shapmg mﬂmsmm @nlunen) Aowwdn mﬁaqaﬂﬂamum
Inn1seetoya SR o Mbps

. NANIINTIVADY

. dmteya (Data Rate) finldvesdnyannin sl vl Mbps uaz
ammmmmmmmaumm (Video + Audio) asﬂmﬂu wm.o> Mbps Tustaan
229198790 (One Hour, One Day, One Week)

i.  dwydeya (Data Rate) ¥83 EPG IA1Us2INM oo kbps usiludayauuy
vuznisdslififoyainds svozem dowihnimrnaeudnaiufieliuluinge
52U EPG uan A1dedliiiy oe Mbps

i @i'n,a%aiumsaiqsﬁagmmsdm HD fiAUseana &lo Mbps agiiulainges HD i
nsludafiganindr Mszanansld (@9nnsfuaUszana o Mbps)

v.  Aedslunsdstoyavesdos SD fiAMUszaa o.m Mops agiiiulsinges SO &
msTudaiisnninm fiuszanad’ (@mnn1seuIaUszn o.e Mbps)

v.  mdmsimsdedeya nsdlves SD Alsaenadesiudeyanisiiusa GOP Length
(Group of Picture) 3silfin GOP Length waefiuszuna . fos (ndieeiu
Frame Rate ¢ fps) 1usnvsvantesnmsdudnsesuunf

vi.  Adnsnisdsdoya nadives HD AldTu asdidn GOP (Group of Pictures)
Length wieTiuszan e — alo fos (g9ndn Frame Rate ¢ fps) 1TudU
vendsnsusafigeninnd

Vil A13 monitor AMATNYBIYNTBS fauuu QOE (Quality of experience) wag
eMOS (Estimated Mean Opinion Score) Hafenwilléiannminaen
LpNELY

[

1NN UYL TUASIAINETY hAZAINNNTIATITANANITATIVEBUNLS UL AINALAAA
AUUAgIU Al

Vill.  INRANIIATIVEDU VO iil. LAY iv. ﬁmmﬂuiﬂiéquﬁ algorithm w89 Encoder
way Multiplexer dn150udn HD 1aun 398 Bandwidth wdeun @ SD v
mstudnalates Adnsnisditoya FeaninAlszanmnis

ix.  91nde viil. Tumaitefiget ¢ b n3dl fe
a) vhnnsudiutes SD Snuilades uds monitor AN NI Y IUNINYDS
%93 SD HD wae Data rate fifin1siAsuuadly
b) lHiuIugeLIhL Ae SO U9 waz HD o 994 Lavinnisan
traffic shaping 7 Multiplexer 210 blo.¢ Mbps 19U be Mbps Wag
monitor AMANEYYIUNINYeYRY SD HD wag Data rate fifinng
Wasuuasly
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x.  waansfildainde ix.  azludeyavsuenitszuutudedl Bandwidth e
woNIraNIsaTesiutayalauinieeiinla

NANSNAADUYIAABITIRINEE 1599 N1SUSUUABUAT VIDEO BIT RATE” (om LW18U b&do)

a4 A a ¢ ! = g a cag v
AULUDNANNANITUATIENIZUUEY DVB-T2 U3 NNU. & U9 8 nguusq@W'ﬁ']lleaﬁVﬂsﬁ

1 A PN N o d' a 3 o = Y o
@@ﬂ@qﬂqﬂLUUIUG]WNVl']\TLaE]ﬂV] @ VDN AT NN & m‘JUiULUaEJwQWWﬁmLG]@i ﬂqumuﬁ]ﬂmﬂ’]mi

yneasdiausulasuai VIDEO BIT RATE 3sl@eaniuunisnadauaaniu « nsm s9n15799

AN b USELANASVedaU

NSNAFDUY PELEIGHE
Test 1 MTINAMNNANLALIN Bit rate
nSNIYUA Video shaping %38 Video Pooling 7 vlo.& Mbps
Test 2 nsU¥uLABu Video Min Bit Rate

nsdifvun Video shaping 3o Video Pooling 71 blo.& Mbps

Test 3 MIINAMANAMNLAL IR Bit rate
NSAIAI%UA Video shaping %38 Video Pooling 71 lbe Mbps

Test 4 MIINAMNNANLALIN Bit rate

nsalinnum Video shaping %38 Video Pooling 7 wo.0e Mbps

NNINAADUNTAN & WU A13150aTUNALARINNTINN o

AN5199 o NARINNSNARBUT & N6

NsNA@eY | N13AMUA VIDEO BIT RATE | Bit Rate (Mbps) | Aaunnanlag BW Pool
(Mbps) (Video + Audio) |  1afe (AaunN (Mbps)
min max gegmdlan 5)

Test 1 : f1vium Video shaping #3e Video Pooling 7 blo.¢ Mbps
SD (6 ¥84) 1 3 4.2768

, 23.590 12.5
HD (2 %99) 2 7 4.2569
Test 2 : USuLUdeu Video Min Bit Rate Inannuua Video shaping 1 blo.¢ Mbps
SD (6 %04) 15 3 4.2601

, 23.593 3.5
HD (2 ¥84) 5 7 4.2662
Test 3 : nalA1MuA Video shaping %38 Video Pooling # we Mbps
SD (6 ¥849) 1 3 4.2599

; 22.091 11
HD (2 %®4) 2 7 4.2502
Test 4 : nsalAMuUAVideo shaping #5e Video Pooling 71 we.eid Mbps
SD (6 ¥84) 1 3 4.2619

, 22.840 11.75
HD (2 %®9) 2 7 4.2694

o aa d ) { !
LONANTNANINARDUYIARRITIAANDA 1304 N15UTUIABUAT VIDEO BIT RATE Usingluniauuan 4
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RUIBLAR AUA audio stereo o Fo4LEYY : bandwidth Yeudssas e kbps
ABUHININAFOU aUNsaasUnanITIAszilainnarasnsdl Test 4 Wuiiwelafian
- lesamasuladnaunm@ ldiianisnszen
- Video bit rate 984 SD #iAUTzUNU blo Mbps @31 HD Uszunu <.& Mbps
- Video bit rate shaping {fi1 be.ei& Mbps @snsaldaulan
- Bit rate 8¢l blb.ge Mbps wagA1 BW Pool 1A ee.ci& Mbps

Azvhadiunsitingg EhdunauazasivdeuqunInam 7l Video shaping be.aid
Mbps saly

26.2 Mbps (DVB-T2, 16k extsnded, GI 1/8, 64 QAM, 2/3 FEC)

24 Mbps (TS Data rate before entering DVB-T2 exciter)

NULL/Reserve (AD, EPG, Subtitle, SSU)
—24-31.75-1.104 - 1.146 Mbps

Audio bit rate (70 kbps per one stereo charnel, 2 track)
Total = 0.069 x 2 x 8 = 1.104 Mbps

Video Bit Rate (6 SD, 2 HD)

21.75 Mbps

UM o nas9aveensidensinisdstoya (Overall Data Rate) WiaAdnsUngsdn oo Mbps
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NaNINAFEUNARRITIININEA 103 MIUTULUALY DVB-T2 PARAMETER® (b NOWNAN b&dD)

115YUSULUAYY DVB-T2 PARAMETER
nnseLdun1sUuSuasual VIDEO BIT RATE auUnsenabasuaAmunsau9ta) Aeyinau
Flarniunsfiny ez AT12108190oLE0s 21T ba IBIEU bEED - b NOBNIAN bE&D T

Tasinnsaiiuns fadl

lnaganisfwmesnusuwasy  Wulumunsfiwesily u U9

vhmsUfudsuganiives Inedsus Code rate 910 /e (U a/e
Yn1sUSuUABuAT Video Shaping lnglviagsening ec-we Mbps
Usulassadalaeifia T2 Gateway
Fn1sUSuUAsu T2 frame parameter wialisu

1

o
Y]

=2
YUATY
Tu 99 MITNA & NS

o
q

YSudsuyansniives uar wanlasulisvasidensiail

on31UngeEn blo.co Mbps

A1 C/N 19n1a35udgyun1eluens 4a1 o< 0TLUA (dB)

TPEEN ARV b lanlilifin oxoe Alawns  dmsunsdinigi
TAsstnenuuAAiRed (SFN)

Sudanangluenaslaaiuunn
Sasdnfianacwaesenstudadyaianm (video) lhnnau lnedes
Ailvinfagunnainanas uidswetanunsageusula

115U UUAEY VIDEQ SHAPING 71 21 Mbps
MnsAnidun1susuAn  VIDEO  BIT  RATE lae wan1susuilasudunalainai VIDEO
SHAPING NdanalyinaunIng Aar15e1IN ex.o-be Mbps NafilakanInm1sIem <

asefi @ man1INnEey WaU3u VIDEO SHAPING 71 be Mbps
AINeaay | N15AIUA VIDEO BIT RATE | Bit Rate (Mbps) | BW Pool
(Mbps) (Video + Audio) (Mbps)
min max
SD (6 ¥@9) 0.75 2.5 12.5
, 22.104
HD (2 ¥®89) 2 7

ail anansauanasINveINslddnsinisdedeya (Overall Data Rate) LiloA18ns1Ungean
bl.ce Mbps MAAIUN

* lenansuansAaeUNARDTIATnen 1309 n15UFUESY DVB-T2 PARAMETER Usingluninwuan a

FYNUNANITANTUIUVRIALTINUANATA o
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22.94 Mbps (DVB-T2, 16k extended, GI 19/128, 64 QAM, CR 3/5)

22.56 Mbps (TS Data rate before entering DVB-T2 exciter)

NULL/Reserve (AD, EPG, Subtitle, SSU)

— 2 CE 21 1 1NA — N AC L RAL. oo
— &£&4,J0 T L1 T LIVT — V.20 IMIWpP2

Audio bit rate (69 kbps per one stereo channel, 2 track)
Total = 0.069 x 2 x 8 = 1.104 Mbps

Video Bit Rate (6 SD, 2 HD)

21 Mbps

UM @ wasImveInsidensinisdetoya (Overall Data Rate) LilaA18ns1Ungedn blo.ce Mbps

nsUsulassasralaeniiy T2 Gateway uazy1n13Usy T2 frame parameter Lﬁa?ﬁfuﬁ’wwmﬁﬁu

angeulddndunsiiiunuves vnu.e Ysulassadiavessyuuds DVB-T2 Tneidiu T2
Gateway U1lUKA9 Multiplexer ¥nSHaRn (configuration) 7i§h T2 Gateway Lﬁ@iﬁﬂ’m@u
\A3esds uazAIuANA Bandwidth 16 ilasindeuwdii dvhnstmusdimnsiiwesues T2
Gateway TiiA3esds UvAenlaozunTufiUsUUTIUE uansfsguil «

JUN & vdenlaozunsuvesyuuds DVB-T2 ndsanyiiu T2 Gateway

Yanmiian15USU T2 Parameter lagnialuiiu FFT, Guard Interval, Modulation wag Code
Rate &1 T2 frame parameter inasaUsz@nsn1nvesdye1uiioanoInIeme

® Data Rate (Mbps), N15USULUAYU T2 frame parameter Ha1utAg1U99iudIUIL Overhead
MAnTwan frame F9aziinariu data rate Mlaluiian

FYNUNANITANTUIUVRIALTINUANATA O
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® Time Interleaving Depth (msec.), N15USUWABY T2 frame parameter fduAgadasfiu
UsgAvBnmuesmaia Time Interleave i@ wSuIfinAMUUUAad a5 UNILRIN
aniindedla A1 Time  Interleaving Depth Finzaudodiannnia Burst Error i
Aatuananmuinden Weflavanunsanszate Burst  Eror  weneenainiuitels FEC
ausainsuily Error laegnsiivsg@nsnm

T2 frame parameter N8I17097D

® 91U T2-Frame per Super-frame
® {1uU Data Symbol per T2-Frame
® 117U Max FEC block per Interleaving Frame

® 117U Time Interleaving Block (TI-Block) per Interleaving Frame

nsUSULABY T2 Frame parameter 9svn15USulaenil T2 Gateway lngviluuds T2 Gateway
seiiadesiiefifuinmn T2 Frame parameter Tinzaulnedaludlaeditvunglhd Data Rate
wag Time Interleaving Depth ﬁaﬁqmﬁaﬁm Data Rate ged@auaz Time Interleaving Depth &g
wiivreasessuulaianansaiiazm T2 Frame parameter 19laFA1 Data Rate Waz Time Interleaving
Depth guanlandoniiuld fufudfndaszuuisioadadn T2 Frame parameter wuu Manual wilavn
Afinzaulaefae Data Rate 10U Priority wsn aude Time Interleaving Depth Ju priority
Tuandudaun

a7 Parameter L1-Post Constellation tJu Modulation 714l L1 Post Signaling Tneiiluudrasd
nMs#aAn L1 Post Constellation #ilszfuras Modulation #fnd1 Modulation lugau Data PLP
nanAe &1 Data PLP 14 64-QAM L1-Post Constellation 7idenldléfe 160AM, QPSK w38 BPSK
Tnevhluaziindslsi L1 Post Constellation dfniindn Data PLP agmﬁqsﬂy’u Felushogsilio 160AM
widnan nwindeniinnuuwlsusiuniedidyaasuniugs Aliaunsaden L1 Post Constellation
Tuszsuiatulusnlaidu QPSK w3e BPSK

N5USUgANITEweslu T2 frame uanalAfanisnan o

9]’15’]\‘]17; « ﬂI'VUENW’]S'WﬁLG]@ﬂu T2 frame
wisiweslu T2 frame ANDINITILADS
L1-Post Constellation BPSK
# T2 Frame per Super Frame 2 frame
# Data Symbol per T2 Frame 119 symbol/T2 frame
# Max FEC block per Interleaving Frame 146 block
# Time Interleaving Block per Interleaving Frame 3 block
seuNanIsaLiuureIazyinnuiumala oo

dmsunismeaessruunsudsdygainginsiedluseuuiinea



015Y3UAEY VIDEO SHAPING 7 oc — ae.el Mbps
yin1saliun1susuen VIDEO BIT RATE WinifinlaefiansanfianaunInved VIDEO Tusyaunia

auddlusziufivensuld iewA1 VIDEO  SHAPING  fiansnsausuildeuldanuld Sadiildfonn
58918 ot — oo Mops Inefif1 VIDEO SHAPING 1 ew.e Mbps l¢kanaun1w VIDEO fiszdiud
d1ufl o Mbps  AaAM VIDEO  agfluszdufisauiuld duduislddeasulfinluanmundiia Bim
RATE w84 svuvdadisanaliflden VIDEO SHAPING #i ee.el Mbps dalunsdififininudiosnis BIT
RATE wosszuululdludndugunniu fianansausuan VIDEO SHAPING 11l ea Mbps I§ nanis
NAFOULANIAINITIT o0 WaTANITNT oo AUEIFY

A1597 oo HaN1INAAEU LeUSU VIDEO SHAPING 7 e.ev Mbps

AINeaay | n1sAvuA VIDEO BIT RATE | Average VIDEO | BW Pool
(Mbps) BIT RATE (Mbps) (Mbps)
min max
SD (6 494) 0.75 25 SD 1.71 Mbps 11.2
HD (2 %94) 2 7 HD 4.73 Mbps

A58 00 HANTINAABU BUSU VIDEO SHAPING 71 oat Mbps

MINAEDU | N15AYUA VIDEO BIT RATE Average VIDEO BW Pool
(Mbps) BIT RATE (Mbps) (Mbps)
min max
SD (6 %04) 0.75 2.5 SD 1.65 Mbps 10.5
HD (2 %84) 2 7 HD 4.56 Mbps

msysulgaiielvinissudyaadinaniniians suniy

AYNFIINNITVNAADUSTUA Y QYIUNINATAUIOU ABIZYINIIIUNUIINITSURYYIUAIUNEDITU
§)10 (Set-Top-Box) wauuansAmunmdaLnited Juin1susuyanisdnesieysulsenanin
e wazunlvdeymdanan Inefiyjatulun Parameter Tudauved Pilot Pattern Hufvly PP3

Y o

wazlgvinismeassduasudu PP Feflnaitlinnsiuduaadinnueatiosundstu waznssu
Fuanaluvaziadouiivie Mobile Reception ﬁ@mmmé’tymmﬁﬁmm mswWaeu PP3 13w PP2 4
N5 Trade off 71 BIT RATE 28959 UUaAANATN blo.col Mbps U be.coe Mbps ez Bunnails
nnMsUFuAINIEeesuay BIT RATE ALLOCATION wansfsguil ¢ wag 5UMl o uagm sl ol

LAY e LARISIALLDEAUDY T2 Frame Parameter 984 PP3 ay PP2 auansu

oy
oy
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22.87 Mbps (DVB-T2, 16k ext., GI 19/128, PP3, 64 QAM, CR 3/5)
Time Interleave Depth = 86.5 ms.

NULL/Reserve (AD, Subtitle, SSU and others)
=22.87-19.7-1.12-0.55-0.27 = 1.23 Mbps
= (1.93 Mbps if necessary)

SI (Excluded EPG) = 270 kbps

EPG (6 MUX, 48 Channels, 7 days)
Total Estimated Reserve for EPG = 550 kbps

Audio bit rate (70 kbps per one stereo channel, 2 tracks)
Total = 0.070x 2 x 8 = 1.12 Mbps

Video Bit Rate (6 SD, 2 HD)

19.7 Mbps - (19 Mbps if necessary)

5Ufl @ BIT RATE ALLOCATION dw$u T2 Parameter (PP3)

21.975 Mbps (DVB-T2, 16k ext., GI 19/128, PP2, 64 QAM, CR 3/5)
Time Interleave Depth = 86.5 ms.

NULL/Reserve (AD, Subtitle, SSU and others)
= 21.975-19.7-1.12 - 0.55 - 0.27 = 0.335 Mbps
- (1.035 Mbps if necessary)

SI (Excluded EPG) = 270 kbps

EPG (6 MUX, 48 Channels, 7 days)
Total Estimated Reserve for EPG = 550 kbps

Audio bit rate (70 kbps per one stereo channel, 2 tracks)
Total =0.070 x 2 x 8 = 1.12 Mbps

Video Bit Rate (6 SD, 2 HD)

19.7 Mbps =2 (19 Mbps if necessary)

5Ufl o BIT RATE ALLOCATION &3 T2 Parameter (PP2)

SwuNansaLduuTssuziuaumaila
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A9 ol NANNSUSULUASUAIY9NNSTWBs Y T2 frame d@mSU PP3
WI51THBSIU T2 frame ANUBINNSTLNDT
L1-Post Constellation 16QAM

# T2 Frame per Super Frame

2

# Data Symbol per T2 Frame

83 symbol/T2 frame

# Max FEC block per Interleaving Frame

102 block

# Time Interleaving Block per Interleaving Frame

2 block

A1 e NANISUSUMASUANUBINSITLADS MU T2 frame @Sy PP2
W1510mashu T2 frame ANUBINISITLNDS
L1-Post Constellation 16QAM

# T2 Frame per Super Frame

2

# Data Symbol per T2 Frame

83 symbol/T2 frame

# Max FEC block per Interleaving Frame

98 block

# Time Interleaving Block per Interleaving Frame

2 block

TAgANUBINISITLHBS U T2 Frame 31NAN519919AU 919999710 1AS9a5195UML DVB-T2 Frame

Structure

DVB-T2 Frame Structure

SwuNansaLduuTssuziuaumaila
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N1ININUANNNBLAVYDY (Logical Channel Number, LCN)
dmsummaaesszuumsivdsdyanainginsviadlussuufinea (szuu DVB-T2)

AUl nane. léfﬁm'iamgzyﬂmmaaﬁzuumi%’uﬁﬁmm’lm%qimﬁﬂﬁiuizwaﬁmaﬁu
Weldnismaaessenarniuluseaudoudosuasdaudaaulunisinuanuisiastes 39
WiuanaasimuuAnINeLaYTed M uYITeIN1INAaessTUUNSSUddyaingsiedlussuy
A3nea lnwedaurunineavreslutie 700-799 fadurraievesuunuisiavtesiininualid
ONID weuszinelng (ONID 1u 0x22FC) mudarmualulsznia nane. Sos WINTFIWNTALA

dmsumsosiudygralnsviadniaiuiuluszuufines LansTwazdunaInITIN o

M1 o VUNBLATYDIEIMTUTIVBINITNARBITEUUNTTUAT Yy aInensimedlu

JEUUAINDA
NUIBIUY MULAVYDIANUTU NULAVYDIANUTU
489518NSLUUANUANTAUNG (SD) sliaﬂiﬁﬁlﬂqﬁLLUUﬂ'ﬁiJﬂlJ%JWQQ (HD)

(701-750) (751-799)

nnu.5 701-710 751-760

&N, 711-720 761-770

nIuUTEBENNUS 721-730 771-780

(reserved) 731-740 781-790

(reserved) 741-750 791-799
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dmsunismeaessruunsudsdygainginsiedluseuuiinea




Heuvean1ssudygranuunnniniglueins (Portable Indoor Reception)

AL duan

palsEne nany 13eq Lqumfm?{"‘mqﬁm%‘uﬁamﬂmﬁﬁﬁmﬂﬁuaﬂuizwa%maa (vt
om) Ifedunemssudugnamuunnmangluenans s

“nssudygauunnninielueiais (Portable Indoor Reception) As n1s5udayadlaey
91fEaNEeNIATULLU telescopic WapaERIMALUUARASIufATosSy (integrated antenna) el
aummmaqmiiuammmmsiuaﬂmﬁmamﬂaﬂa'm‘[maiuammmmmﬂiumuwumu ©.& WAT
wazFudnaazngaiveindouiimenuiiann

feaUsEnA namy. 1389 wdninueinazisniseygaiiidnludiunisliuinislaseing
Insimivsznifldduaruiniefiufulussuuiinea ne. bees do <o) Idseyin “Fosdnlvid
msLLwéﬁmﬁymeﬁalﬁ;ﬁ%'u%ﬂﬂsiummmﬂmaLﬁaﬁuwmmia%’ué’zgiyﬂmlé‘lué’ﬂwmzmi%’ué’syzgﬂm
wuunnawinglue1a1s (Portable Indoor Reception)” Fofuiternudnuveinsnanddnas
nssudygauunnninigluoinis s?fa%Lﬂuﬂﬁdwﬂﬁiamia%ammLﬁﬁ'ﬂwiaé'ﬁﬁﬁamﬁ'msﬁm
waziduusslovidenisnnaunulassne Fafuaumislidmuedoudiunfuielfaonndosiu
NSNS NaNT. NanaNa naonIUUITUNTRIUTEImAlNY

1A IUTIVIUYDIANANINTAUUIANTE WU SNA
FUNUTIENNNINIANUIAL (Report ITU-R BT.2254-2012 “Frequency and network
planning aspects of DVB-T2”) uusdnuagvaenssudyaalnsiamisysuuilnealagasuail

ANWAZNITIVUAY 1M (Reception Mode)

e Portable antenna Mobile :
antenna : . Handheld reception
. reception reception
reception

Portable Portable
outdoor indoor Handheld portable Handheld mobile

(A) (B)

Handheld Handheld
outside a inside a
moving moving
vehicle vehicle
(H-C) (H-D)

Handheld Handheld

portable portable

outdoor indoor
(H-A) (H-B)

Wil ausisuatussnalanvuaienuuesn1ssudygrudnvueidasonauunnng
(Portable antenna reception) 13¢il

SwuNansaLduuTssuziuaumaila &
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“Al1.1.2 Portable antenna reception

In the context of this document, portable reception is defined as the reception at

rest (stationary reception) or at very low speed (walking speed). Portable reception will, in

practice, take place under a great variety of conditions (outdoor, indoor, ground floor and

upper floors). In this document, portable reception is comprised of two classes:

— Class A: portable outdoor reception

i) with external (for example telescopic or wired headsets) or integrated

antenna;

i) at no less than 1.5 m above ground level, at very low speed or at rest.

— Class B: portable indoor reception

i) with external (for example telescopic or wired headsets) or integrated

antenna;

i) at no less than 1.5 m above ground level, at very low speed or at rest;

iii) on the ground floor in a room with a window in an external wall.

It is assumed that the portable receiver is not moved during reception and that large

objects near the receiver are also not moved. This does not mean that the transmission

channel is static; rather, a slowly time-varying channel is assumed. It is also understood that

extreme cases, such as reception in completely shielded rooms, be disregarded.”

YINANT AIULDNANTVDIANAININTANUIAUTENINUTLNALA A1 DI UVDINUNTU

Foyanaduluunneg 1I9e e e¢

AN o Heuvesiunsudyaalunuusigg

Definition According to Rec. ITU-R SM.1753-2

Rec. ITU-R P.372

ITU-R SG 6

Methods for measurements of radio noise Radio noise Broadcasting Usage
Category Definition Category Category
No obvious civilization, no buildings, no traffic, no .
Remote rural L - L Quiet rural
electrical installations within 5 km
Open countryside with largely agricultural activity, Rural
Rural building density < 1/ha, no major roads, no Rural
electrified railways
Villages and pure residential areas with no
commercial or industrial activities.
Residential Residential Suburb
No electrified railways and no major roads and no
high voltage overhead lines or facilities within 1 km
Dense residential buildings including minor
commercial or industrial activities and shops. No
Urban o : - :
electrified railways, major roads and high voltage
overhead lines or facilities within 500 m
Dense commercial or industrial buildings and offices.
City . . . L City Urban
Major roads and railways can be in the vicinity, but
should not be dominating
Industrial area | Areas with dense factory sites and heavy industry
Railway Locations with dominant electrified major railways
Road Locations with dominant road traffic, e.g. highway
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A 4 = 3
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s¥guUseina (International Telecommunications Union, ITU)

Source coding and multiplex composition v1.1 (3 January 2013) ?ami'wﬁiﬂaa'\ﬁ'ﬂ%'aga
waTANNAFIUUDIAUASL

o | donndestulsznie nane. 13es mmsgiumamadadwiunisliuinsinsiminiaiuauly
IYUUAINDA

NUSHAFYYIUANAINNINTFIU MPEG-4 AVC/H.264 waznisiinsiadeyayioides
MINNINTZIU MPEG-4 HE-AAC v2 lpganedauseananmuasmisiinsianumalulagdagiu

b | mManlsEanEanusnsnTadyunwlngedematinueg Statistical Multiplexing

o | @9AAanINUUlEUIEAUNALLIAE ANUUSEANE NEANY. 1399 LNUNISHUASUSEUUNITSUAS
doyqyranvalnsvieiduszuufdnes

¢ | namsAnwiiafusnsdnvesuinmsuuuanuandaunnsgiu (SOTV)  anuaudngs (HDTV)
wazdmiudoyadus 01fi deyatnansnisliuing (S wazdussensldnm (Subtitle) Bs
NAfBINAdaULaEANYIlABANAINNITNTEINBLA LA INIAdLYieglsy (European
Broadcasting Union, EBU)
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) . Stat
19 [ 97U | 37U " Stat Stat Audio Data SD HD Total Margin
ux
\Won | 4eq SD | ¥ee HD o Mux Mux | (Mbit/s) | (Mbit/s) | (Mbit/s) [ (Mbit/s) | (Mbit/s) | (Mbit/s)
ain
(Mbit/s) | (Mbit/s)
1 14 0 27% 1.37 - 0.096 0.35 1.816 - 25.42 0.776
2 9 1 15% 1.59 6.38 0.096 0.35 2.036 6.826 25.15 1.050
3 6 2 15% 1.59 6.38 0.096 0.35 2.036 6.826 25.87 0.332
4 2 3 15% 1.59 6.38 0.096 0.35 2.036 6.826 24.55 1.650
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SD b %24378113 Uazkuy HD e 9893180113 1911913080 5100lae5is be.am Mbit/s lngamnin

Yosenseglusgiviuaraudn wasdunisldnudafmandegruauusednsnn
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«. dagUganITfivesdmsulasanglnsiialnianufulussuuaines (szuu DVB-T2) dusuns
Fudyayramuunaninigluaians (Portable Indoor Reception) wazA1ANgsiadafwanduu

TassnansvadnianufuluszuuflInea

AMEYINLY aunsaasuyanisidmesdvsulasetnglnsiminiaiiuaulussuuiinea
dwsunsiudyganuunnniniglueins wazareugrelafmanduulassnelnsviainiaiupu
TuszuuRanea LRI e

A397 oz aguyanITdnesuazanugsedanwing

WIAO5 ANDINITILADS
FFT size 16k extended
Guard Interval 19/128
Modulation 64-QAM
Code rate 3/5
Pilot Pattern PP2
Constellation On
Physical Layer Pipe (PLP) Single
L1-Post Constellation 16-QAM
# T2 Frame per Super Frame 2
# Data Symbol per T2 Frame 83 symbol/T2 frame
# Max FEC block per Interleaving Frame 98 block
# Time Interleaving Block per Interleaving Frame 2 block
wafldannsUTunsines
ArPNuYsedaRmandasan 21.975 Mbps
Time Interleaving Depth 86.5 msec.
C/N Fixed Rooftop 15.17 dB
C/N Portable Indoor 16.91 dB
szevvisgeamvaaanadunsaimsilasstnauuuanuidie (SFN) | 79.74 km

91nN151TmesTRuUsTENeUAUNIINAdDUAMAINTBII18N1T NuIdlusdetaide Statistical

multiplexer  saunugunsalifirsnanfivszAnsarniisusinlusail o (Third  Generation
Encoder) Apizyina1u iauauiiniean1sdnniseugsodafmandnnsii o« wasguil o
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A1397 o LUINNNISIRNTTANNSRTaRmANduarN1IRIAI8nT TnTiarand miy

ey QU10UNIN
N13A1%UA VIDEO BIT RATE (Mbps)
min max
SD (6 ¥99) 0.75 2.5
HD (2 %99 2 7
oty 8.5 29
VIDEO Shaping 19 %39 19.7
Bandwidth pool 10.5 30 11.2 -9.3 %39 -10
SD Average BIT RATE 1.65 39 1.71 Mbps
HD Average BIT RATE 4.56 %39 4.73 Mbps

21.975 Mbps (DVB-T2, 16k ext., GI 19/128, PP2, 64 QAM, CR 3/5)
Time Interleave Depth = 86.5 ms.

NULL/Reserve (AD, Subtitle, SSU and others)
=21.975-19.7-1.12 - 0.55 - 0.27 = 0.335 Mbps
- (1.035 Mbps if necessary)

SI (Excluded EPG) = 270 kbps

EPG (6 MUX, 48 Channels, 7 days)
Total Estimated Reserve for EPG = 550 kbps

Audio bit rate (70 kbps per one stereo channel, 2 tracks)
Total = 0.070 x 2 x 8 = 1.12 Mbps

Video Bit Rate (6 SD, 2 HD)

19.7 Mbps = (19 Mbps if necessary)

o
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FyannlazLdys
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Choice of the DVB-T2 system variant

1. Introduction

In the initial DTTB plan, three DVB-T2 reference parameter sets have been specified. These
parameter sets were derived from document EBU Tech 3348. The three parameter sets relate to the
following DVB-T2 system variants:

a) 32k, PP7,256-QAM, 2/3, extended,;
b) 32k, PP4, 64-QAM, 2/3, extended;
c) 16k, PP1, 64-QAM, 2/3, extended.

The choice of the system variant is a trade-off between:

e A high multiplex payload (high net bit rate);

e Alow transmitter power (low C/N value);

e Good coverage with fixed rooftop reception (FX) and portable indoor reception (Pl)in multi
frequency networks (MFN) and single frequency networks (SFN).

In many countries where DVB-T2 has been introduced, the above mentioned trade-off tends
towards a high multiplex payload and good coverage with fixed rooftop reception in MFNs. Often
the system variant used in the UK is chosen; that is the system variant mentioned at a) above. With
this system variant a net bit rate of about 40 Mbit/s is obtained. However, in Thailand portable
indoor reception is an important requirement, furthermore SFNs are envisaged. For that reason a
system variant with a lower C/N and enabling adequate guard intervals, as mentioned at b) or c)
above, is more appropriate. This is confirmed by tests with portable and mobile reception in
Germany.

This note describes the optimal choice of the system variant for the Thai situation. The following
sections deal with:

e Section 2 Considerations regarding the system variant
e Section 3 Results of test in Germany
e Section4 Conclusions

2. Considerations regarding the system variant
The major factors in determining the choice of the system variant is the reception mode and
network configuration.
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With fixed reception a relatively stable receiving situation is obtained. The directional receiving
antenna is mounted at the rooftop. Because of the receiving height and the gain of the antenna,a
relative low field strength is required for good reception. For service planning the transmission
channel is characterised as Ricean: reception with a dominant signal and lower level delayed signals
and thermal noise.Because of the low field strength requirements, a system variant with a relative
high C/N value, but a high payload, is often chosen.

With portable indoor reception a relatively unstablereceiving situation is obtained. A simple antenna
is used indoors at the ground floor and the received signal is reflected against walls. Because of the
low receiving antennagain, the low receiving height and the building penetration loss, a high field
strength is needed for good reception (37 dB above the value for fixed rooftop reception). For
service planning, the transmission channel is characterised as Rayleigh: reception with several non-
dominating signals with different delay times and thermal noise.Because of the high field strength
requirements a system variant with a relative low C/N value, but a modest payload, is often chosen.

Whatever system variant is chosen for the DVB-T2 transmission, reception is possible with fixed
reception, portable reception (indoor and outdoor) and even mobile reception, albeit under
different conditions. With a given transmission, good fixed reception is possible in a large area, good
portable indoor reception is possible nearer to the transmitter and portable outdoor and mobile
reception somewhere in between. However, good mobile reception may only be possible at
moderate speed. As mobile reception is not a requirement in Thailand, mobile reception is not
further considered in this note.

Tablelshows the three system variants specified in the initial DTTB plan, together with the resulting

guard intervals, payload, C/N with fixed reception (FX) and C/N with portable indoor (PI) reception®.

Characteristics 32k PP7 32k PP4 16k PP1

256-QAM 2/3 64-QAM 2/3 64-QAM 2/3
Guard interval (Gl) 1/128 1/32 1/16 19/256 1/4

(28 ps) (112 ps) (224 ps) (266 ps) (448 ps)

Payload 40.2 Mbit/s 28.5 Mbit/s | 27.7 Mbit/s | 27.4 Mbit/s 22.6 Mbit/s
C/N — FX reception 20.1dB 16.1dB 16.6 dB
(Ricean channel)
C/N — Pl reception 23.7dB 19.9dB 19.8 dB
(Rayleigh channel)

Table 1 System variants indicated in the initial DTTB plan

System variant 32k, PP7, 256-QAM 2/3 has the advantage of the high payload, but the
disadvantageof the higher C/N and because of the short guard interval the system variant is not
suitable for SFNs.

System variant 16k, PP1, 64-QAM, 2/3 is robust and suitable for SFNs, however the pay load is
relatively low and the guard interval unnecessary long for the Thai situation.

* The indicated C/N values result from the planning software used to calculate coverage examples in the
Roadmap report.
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System variant 32k,PP4, 64-QAM 2/3, is an attractive compromise, with a number of guard intervals
to choose from. However, the question is if 32k and PP4 can cope with the Doppler Effect that is
experienced in portable receiving situations. The FFT size of 32k results in a very longsymbol time
(3584 us). As mentioned in EBU Tech 3348, “the very long symbol time will, in principle, result in a
poorer Doppler performance, due to the short inter-carrier distance in the OFDM signal. The 32k
mode is therefore aimed mainly at fixed rooftop reception. Laboratory and field tests indicate that
the 32k mode is unlikely to be used to provide mobile (vehicular) reception at UHF. Evenin a
portable (indoor or outdoor pedestrian) receiving environment with relatively low Doppler
frequencies it needs to be confirmed that the 32k mode is suitable.”

Tests in Germanyhave given the confirmation.

3. Results of tests in Germany

In Northern Germany, extensive investigations have been carried out from mid-2009 to mid-2012 to
identify the optimal DVB-T2 parameters for portable and mobile reception. The investigations
consisted of theoretical studies, laboratory tests and field tests. The investigations were carried out
under the direction of prof. Reimers, by the media commissions of the states of Hamburg/Sleswick-
Holstein and Niedersachsen, the technical university of Braunschweig, the public broadcasters NDR
and ZDF, commercial broadcasters RTL and ProsiebenSatl and network operator Media Broadcast.

In the following sections the results of the investigations” are summarized with regard to portable

reception.

3.1 Modulation and code rate

A great number of combinations of modulation options (QPSK, 64-QAM, 64-QAM and 256-QAM) and
code rates (1/2 to 5/6) are available in the DVB-T2 system. However, a limited number of
combinations are of practical importance for portable reception. The combinations requiring a high
C/N are normally avoided because of the limited coverage achieved at a given power. Combinations
with a low bit rate are normally also avoided because the service requirements (humber and picture
quality) cannot be met. For potable reception often 16-QAM or 64-QAM is chosen.

Comparison of combinations of modulation and code rates in a Rayleigh channel shows that a
number of combinations have similar capacity and C/N values. This is the case with 64-QAM 1/2 and
16-QAM 3/4 and also with 256-QAM 1/2 and 64-QAM 2/3.

The tests confirm that with portable reception 64-QAM 1/2 has a lower C/N than 16-QAM 3/4 and
256-QAM 1/2 has a lower C/N than 64-QAM 2/3. Consequently 16 QAM 3/4 and 256 QAM 1/2 are
not recommended for portable reception.

3.2 Rotated constellation
Rotated constellations should improve the robustness of the signal in frequency selective channels.

The portable reception tests show that in most investigated cases the C/N value with rotated
constellation is higher than without, except in case 16-QAM 3/4. However 16-QAM 3/4 is not

“ See the report of the results of the investigations in Germany: Terrestrik der Zukunft: Zukunft der Terrestrik;
Projectbericht DVB-T2 Norddeutschland. Shaker Verlag Aachen, 2012
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recommended for portable reception (see Section 3.1).The conclusion is that for portable reception
rotated constellation is not recommended.

3.3 Time interleaving
Time interleaving should improve the robustness of the signal in case of impulse interference, e.g.
resulting from operating a light switch.

The tests with portable reception indicatethat shorter interleaving interval (10ms) is to be preferred.

3.4 FFT-size

Higher FFT sizes increase the duration of the symbol time. At the same absolute length of the guard
interval, the net bit rate increases with increasing FFT size, thus given a more efficient transmission.
In principle the transmission channel should be nearly constant during the duration of the
transmission of the OFDM signal. However, at higher FFT sizes the channel becomes more variable,
already with low speed of movement of the receiver. The choice of the FFT size is therefore a
compromise between the overhead caused by the guard interval and the maximal speed of
movement of the receiver.

The tests with portable reception show an insignificantly lower C/N value with 32k compared to 16k.
The FFT size of 32k allows a higher bit rate because of the shorter relative guard interval. For that
reason 32k is a good choice for portable reception.

3.5 Pilot Pattern

In the transmitted signal a number of pilots are inserted to allow the receiver to estimate and adjust
linear distortions of the transmission channel. As the pilots are not used for data transmission, they
represent an overhead that reduces the multiplex capacity. In the DVB-T2 standard eight Pilot
Patterns (PP1 to PP8) are specified. The choice of the Pilot Pattern depends on the characteristics of
the transmission channel. PP1 gives the highest overhead and PP7 the lowest. PP8 is a special case
and does not allow time interleaving and Multi Physical Layer Pipe (M-PLP) and is therefore not
often used.

It should be noted that only a limited number of combinations of Pilot Pattern, FFT sizes and guard
interval are possible.

The field tests with portable reception were carried out with PP2 and PP3. The tests show that PP3
results in the lowest C/N. However, theoretical considerations lead to the choice of PP4 for portable
indoor reception.

3.6 Extended carriers

The higher FFT sizes allow the use of an extended bandwidth (7.77 MHz) with a higher number of
carriers compared to DVB-T (7.61 MHz). This allows a longer symbol time and results in a higher data
rate of 1.3% with 8k and 2% with 16k and 32k. However, higher adjacent channel interference
should be avoided.

The tests show that with extended carriers no real deterioration of the adjacent channel protection
ratios took place. Therefore extended carriers are recommended.
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3.7 MISO

Single Frequency Network (SFN) can be considered as MISO (Multiple Input, Single Output). The
DVB-T2 systems allows for a special form of MISO with the so-called “Alamouti Scheme”. In this type
of MISO the transmitting antennas are divided in two groups transmitting a different signal.
Theoretically a high gain of the received signalis expected. The disadvantage is the higher overhead
caused by the need to transmit additional pilots. Furthermore guard interval 1/4 and PP1 cannot be
used.

The tests with portable reception show that the results are not as good as expected. The gain of less
than 0.5 dB did not compensate the additional overhead of 2 to 4%, which expressed in a C/N loss
(depending on the choice of parameters) is in the order of 0.5 dB.

3.8 PARP reduction

Peak to Average Power Ratio (PARP) reduction is an option to reduce power peaks in the transmitted
signal. In the equipment used in the tests this option was not available and could therefore not be
tested.

3.9 Summary of test results
The results of the investigations in Germany are summarized in Table 2.

DVB-T2 parameter Recommended for portable reception

FFT size 32k, extended carriers

Pilot pattern PP4

Guard interval 1/32; 1/16; 19/256

Modulation and code 16-QAM 1/2; 16-QAM 3/5; 16-QAM 2/3;

rate 64-QAM 1/2; 64-QAM 3/5; 64-QAM 2/3; 64-QAM 3/4

Table 2 Recommended system parameters for portable reception

The choice of the guard interval depends on the distance between the transmitters in SFNs”. The

choice of modulation and code rate depends on the network structure and service requirements.

4. Conclusions

Of the three DVB-T2 reference parameter sets specified in the initial DTTB plan,the set “32kPP4, 64-
QAM, 2/3, extended” is the optimum choice for portable reception. Investigations in Germany
confirm the choice.

The guard interval, payload andC/Nof this system variant with fixed and portable reception are
shown in Table 3.

Characteristics 32k 64-QAM 2/3PP4

Guard interval (Gl) 1/32(112 ps) 1/16(224 ps) 19/256 (266us)
Payload 28.5 Mbit/s 27.7 Mbit/s 27.4 Mbit/s
C/N — FX reception (Ricean channel) 16.1 dB

C/N - Pl reception (Rayleigh channel) 19.3dB

Table 3 characteristics of the recommended system variant for portable reception

“In the existing DVB-T SFNs in Germany a guard interval of 224 ps is used. Therefore in Germany the DVB-T2
guard interval of 1/16, also giving 224 ps, is recommended.
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The choice of the guard interval depends on the SFN structure. The allowed difference in signal
delays in an SFN is shown in Table 3. The corresponding distance between transmitters in a SFN is 34
km, 67 km and 80 km respectively. In practice it may be possible to allow longer distances between
transmitters in a SFN without introducing internal network interference. This will depend on the
propagation paths between the transmitters; the use of directional transmitting antennas, the
system variant and the application of artificial delays (see also Section 4.2.3 of the ITU guidelines).

The difference in payload between the three possible guard intervals is small, due to the low
overhead with the FFT size of 32k. The choice of guard interval is therefore not very critical in view of
the payload. The separation distances between transmitters in the SFNs in the Thailand areup to
about 80 km. Therefore the guard intervalof 19/256 is a good initial choice, giving planning flexibility
to avoid internal network interference. In the SFN planning activities the guard interval has to be
verified.

The choice of the code rate is a trade-off between transmitter power, coverage and capacity. Within
the range of recommended code rates and guard interval 19/256, the payload is between 20.5
Mbit/s to 30.8 Mbit/s (see Table 4). Considering the payload, code rate 2/3 is a good initial
choice.Also the code rate needs to be verified in the planning activities.

Modulation and code rate  Payload with guard interval 19/256

64-QAM 1/2 20.5 Mbit/s
64-QAM 3/5 24.6 Mbit/s
64-QAM 2/3 27.4 Mbit/s
64-QAM 3/4 30.8 Mbit/s

Table 4 Payload within the range of recommended code rates and guard intervals

To summarise, the optimum choice for portable reception in the Thai situation is the DVB-T2 system
variant “32kPP4, 64-QAM, 2/3, extended” with guard interval 19/256 (266 us). Code rate and guard
interval need to be verified in the planning activities.
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1. Introduction
Within a given multiplex payload, the bite rate per HDTV and SDTV service is a trade-off between:

e Picture and sound quality at the viewer’s screen;
e Number of services that a viewer can receive.

The choice of the bit rate per service is therefore a commercial choice within the limits of the

available technology. Different players in the broadcasting value chain may make a different choice.
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For instance program providers spend considerable effort to produce TV services of high technical
quality and wish to see a high quality representation of the services at the viewer’s screen. Service
providers and network operators need a high number of services in order to operate the TV
transmitter networks in an economically viable way and their choice of the trade-off may tend
towards a high number of services. For the viewer’s appreciation, the kind of screen (CRT of large
flat screen) and comparison with other means of TV delivery are of importance.

In the Thai licensing model NBTC determines the number of slots in a multiplex (and hence the bit
rate of a slot) to be licensed to Service Providers. Once licensed, the bit rate per slot cannot be
changed without affecting the licensees or without changing the payload of the multiplex.

There are three ways for increasing the payload of the multiplex:

1. Selection of another, less robust, system variant. This has an impact on the coverage (less
potential viewers) or if coverage area reduction is not wanted, on the radiation
characteristics of the transmitters (more expensive network) and has therefore also an
impact on the licensees;

2. Carry out frequent encoder upgrades to maintain the best possible coding efficiency and
hence creating higher picture quality of more services in a multiplex. However, as DTTB has
still to be launched in Thailand, the most modern encoders will be available. It is generally
assumed that MPEG4 encoder development nears maturity; not much further coding
efficiency can be expected in future;

3. Application of a third generation video compression system. This new video compression
standard, called High Efficiency Video Coding (HEVC), is being jointly developed by ISO/IEC
MPEG and ITU-T VCEG. The new compression standard aims at a factor two improvement in
compression efficiency compared to the MPEG4. Completion of the new HEVC standard is
planned by January 2013. It is then intended to be published by ISO/IEC as MPEG-H and by
ITU-T as H.265. The first services using HEVC/MPEG-H/H.265 may be launched in 2015. As
this technology is not backwards compatible with MPEG4, new receivers or Set-Top-Boxes
will be needed.

The choice of the bit rate per service should therefore be considered carefully, taking into account
that in the Roadmap it is concluded that the key competitive advantages of DTTB in Thailand are
price, portable reception and picture quality and not the number of services.

One of the objectives of the DVB-T2 field trial is to verify the bit rate requirements for HD and SD
services. As guidance for preparing the DVB-T2 trial, this note describes a number of technical
aspects that are relevant in determining the bit rate per TV service, based on the requirements in
Thailand, investigations carried out in the EBU and considerations in Germany in the framework of
the DVB-T2 tests in Northern Germany”.(The requiredvideo bit rate per service has not been tested
in the tests in Northern Germany but the test report gives considerations on the required bit rate
based on the EBU tests.)

The following sections deal with:

*See the report of the results of the investigations in Germany: Terrestrik der Zukunft: Zukunft der Terrestrik;
Projectbericht DVB-T2 Norddeutschland. Shaker Verlag Aachen, 2012.
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e Section 2 Service requirements;

e Section 3 Considerations regarding the bitrate per services;
e Section 4 Examples of multiplex composition;

e Section 5 Considerations regarding testing procedures.

2. Service requirements

The bit rate per service depends on the required video and audio quality and on the bite rate for
additional data services. According to Annex 1, Section 4.1 of the Roadmap report the following
decisions have been taken regarding technology and standards application.A(p) stands for decided
and publication in preparation, B stand for partly decided and C for not yet decided.

Key topics & choices Status Decision

4.1.1 Technical tests to verify system B Tests will be carried out by network
parameters operators. Test conditions to be specified.
4.1.2 SDTV and HDTV specifications A(p) e TV Presentation Format: SD and HD

e Picture aspect ratio 16:9 and 4:3
e Two channels-stereo or independent
audio channels

4.1.3 Selection of DTTB transmission A(p) e Transmission standard: DVB-T2

standard e Middleware/API: Not specified, but
should be any “open” standard with
NBTC approval.

4.1.4 Compression system A(p) e Video Compression: MPEG-4 AVC

e Audio Compression: MPEG-4 HE AACv2
(Option: Any 5.1 channel)
4.1.5 Encryption system C Conditional Access (CA): as 2.1
4.1.6 Additional services B e “Emergency warning system” (EWS) is an
obligation that network provider
licensees have to implement in the DVB-
T2 network; method to be decided

e  Subtitling
e Provisions for System Software Updates
(SSu).

Table 1 Decisions regarding technology and standards application

The number ofrequired HDTV and SDTV services per service category is indicated in Table 2.

Service Multiplex Number of Number of SDTV services

category capacity HDTV services

Public TV 2 3 As many as possible in the remaining capacity of two
multiplexes

Community TV 1 0 As many as possible in the capacity of one multiplex

Business TV 3 7 As many as possible in the remaining capacity of three
multiplexes

Table 2 HDTV and SDTV service requirements

It should be noted that SDTV-sets or SDTV Set-Top-Boxes cannot process HD services. It is therefore
necessary to broadcast HD services also in SD format as long as there are SDTV STBs in the market. In
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Thailand only HDTV Set-Top-Boxes are permitted. HDTV Set-Top-Boxes are also equipped with SDTV
decoders. Therefore in Thailand there is no need to “simulcast” in HD and SD.

A number of sound and data services are optional or not yet fully decided. In this note the following
assumptions have been made:

e Middleware; no requirement specified, no bit rate reservation;

e Multichannel audio (5.1); no requirement specified, no bit rate reservation;

e CA; norequirement specified, no bit rate reservation;

e EWS; will be part of a video stream, no additional bit rate reservation;

e Subtitling: bit rate reservation needed,;

e SSU; when needed, instead of a service;

e Service Information (SI) to generate an EPG; not mentioned in the Table 2 but required,bit
rate reservation needed.

3. Considerations regarding the bitrate per services
3.1 Video bit rate

Fixed bit rate

In the EBU extensive tests have been carried out with MPEG4 coding. SDTV tests were carried out in
2005 and HDTV tests in 2007. In both cases the subjective quality of the compressed signal was
tested by using several test sequences and encoders. Resulting from these tests the following bit
rates were recommended:

e At least 10 Mbit/s for HDTV in the configuration of 720 active lines with progressive
scanning and a field frequency of 50 Hz (720p/50) at a constant bit rate.

e At least 2.5 Mbit/s in the configuration of 576 active lines with interlaced scanning and a
field frequency of 25 Hz (576i/25) at a constant bit rate.

Tests inthe EBU also showed that broadcasting in 720p is 10% to 20% (depending on type of content)
more efficient in transmission capacity than in 1080i, while giving a comparable picture quality”.

The EBU tests were carried out with early implementations of the MPEG4 encoders, in which not all
encoding tools were fully exploited. Nowadays, MPEG4 encoders are more efficient and it can be
assumed that with modern encoders 20% to 30% more coding gain is possible compared to the early
implementations. Taking into account the encoding improvement, the above mentioned minimum
video bit rates become 7 to 8 Mbit/s for HDTV and 1.75 to 2 Mbit/s for SDTV. These figures are
within the range given in Annex 3 of EBU Technical Report 015, on which the initial estimations of
the video bit rate were made by NBTC.

Statistical multiplex
A further reduction of the average bit rate per services is possible by the application of statistical
multiplexing (in short “statmuxing”). In this way a higher bit rate will be automatically allocated to

> See EBU Recommendation R124, Choice of HDTV Compression Algorithm and Bitrate for Acquisition,
Production & Distribution; Geneva, December 2008.
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critical scenes and a lower bit rate to less critical scenes. This results in a higher picture quality per
SDTV or HDTV service. Instead of a higher picture quality, it could also be decided to maintain the
original quality by reducing the average bit rate of the services and increase the number of services
in the multiplex. Statistical multiplexing is more efficient with a high number of services and
different kind of content per service. In EBU Technical Report 015 a graph is given showing the
efficiency gain as function of the number of services. This graph has been reproduced below (see
Figure 1).

Figure 1 Efficiency gain of statistical multiplexing

The graph of Figure 1 originates from a study carried out for the UK regulator Ofcom in 2007°. In this
report the following explanation is given:

“The improved coding efficiency due to sharing the multiplex capacity increases with the
number of channels, as the peaks and troughs of bit-rate demand across the channels
average each other out better. To a first approximation, the savings are independent on
whether the content is all SD or all HD and whether the compression is MPEG-2 or
H.264/AVC. The exact efficiency gain is dependent on both the nature of the video content
and the details of the implementation, but gains can be typically expected to asymptotically
approach a value between about 25 and 30% for large numbers of channels. The graph in
Figure 1 is indicative of the typical benefits that can be expected, based on statements from
encoder manufacturers and the author’s own experience.”

“It is assumed that the content in each channel is uncorrelated and that each has similar bit-
rate targets. There may be a very slight reduction in the benefit if unequal priority is used to
give higher quality thresholds for some services than others (e.g. as currently appears to be
the case with ITV1 and Channel 4 in Mux 2).

Statistically multiplexing a mix of HDTV and SDTV content is also possible, but this is likely to
give significantly less benefit, as a demand peak on the HDTV channel will require several

®Review of DTT HD Capacity Issues. An Independent Report from ZetaCast Ltd, commissioned by Ofcom, by
Ken McCann, 31 October 2007.
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SDTV channels to reduce bit-rate to compensate. A particular case to avoid is multiplexing an
HD and an SD version of the same programme on a single multiplex, as the peaks of demand
will coincide.”

Taking into account the efficiency gain of statistical multiplexing the required average bit rate for
SDTV is 1.28 to 1.47 Mbit/s in a multiplex with SDTV services only, assuming 27% efficiency gain. In
multiplex with HDTV services the required average bit rate is 5.95 to 6.8 Mbit/s, assuming 15%
efficiency gain.

In the report of the DVB-T2 tests in Northern Germany a somewhat lower gain of the statistical
multiplex is assumed. Consequently the range of required average bit rate is somewhat lower: 1.4 to
1.6 Mbit/s for SD and 6.3 to 7.2 Mbit/s for HDTV. Moreover, in the report of the DVB-T2 tests in
Northern Germany it is noted that with the above mentioned SDTV bit rates,picture artefacts may
occur in complex scenes, e.g. a panning camera at a football match. In order to avoid such artefacts
the SDTV bit rate should be increased to 2.1 to 2.4 Mbit/s.

In Thailand a number of multiplexes will contain a mix of SDTV and HDTV services. As indicated in
the Ofcom report, the benefit of statistical multiplexing in that case is significantly less compared to
SDTV only. For calculating the statmux gainin a mixed SD-HD multiplex it is assumed in this note that
the statmux gain corresponds the value in Figure 1 with a fictive number of services N, according to
the following formula:

Nmix = Nup + [Rounded {Nsp/ (4 *(1-Gsp/100)}]; (1)
where,

O Nyp =the number of HDTV services in the multiplex;
0 Nsp =the number of SDTV services in the multiplex;
0 Ggp= the statistical multiplex gain (in %) with the number of SDTV services only.

In the assumption it is considered that:

a) The fixed bit rate of an HDTV service is four time that of a SDTV service;

b) The statmux gain in a mixed SD-HD multiplex corresponds at least with sum of the number
of HDTV services and number of SDTV services divided by 4;

c) Asthe content of SDTV services is independent of each other and of HDTV services, the
statmux gain is likely higher than mentioned in b) above.

d) The number of HDTV services plus a number of SDTV services consisting of the SDTV services
divided by 4 and proportionally increased by the statmux gain the SDTV would have, may be
an appropriate approximation of the number of services to take as reference for
determining the statmux gain from Figure 1.

For example, if a statmux contains 2 HDTV and 8 SDTV services, the reference value for determining
the statmux gain (Nmi) would be: 2 + rounded (8/4 * (1- 23/100) = 5. 23 is the statmux gain if 8
services.
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3.2 Audio and data services bit rate
In addition to video, a TV service also consists of audio signals and additional data.

In DVB-T2 the audio compression system is MEPG4-HE-AAC (High Efficiency Advanced Audio
Coding). Extensive testing in EBU in 2009 showed that depending on the audio content an efficiency
increase of up to 50% is achieved compared to the audio coding used in DVB-T (MPEG1 layer 2).The
recommended audio bit rate is 96kbit/s for two-channel stereo.

For the additional data (see Section 2), the following bit rates are taken from EBU Technical Report
015:

e SI(EPG) 0.15 Mbit/s
e Subtitles 0.2 Mbit/s

The total bit rate for data is 0.35 Mbit/s per service.

3.3 TV reception

In considering the required bit rate it should also be taken into account that flat panel screens have
replaced CRT screens in many houses. Investigations in the EBU have shown that flat panel screens
are more sensitive than to artefacts and require about two times higher bit rate for a high quality
picture than CRT screens. Furthermore, consumers are purchasing increasingly larger screens
compared with their old TV sets. In a given room the relative viewing distance (distance from the
screen expressed in height of the screen) becomes smaller and decoding artefacts are more visible.

It should also be noted that the viewer will compare the DTTB picture quality with the picture quality
of DVDs and Blue ray disks and likely requires similar quality when receiving DTTB.

3.4 Summary of bit rate requirements per service
In Table 3thebit rate requirements per service are summarised.

Service Required average bit rate (Mbit/s)

element

HD Video 5.95 to 7.2 Mbit/s depending on encoder efficiency and number of services in the
multiplex

SD video 1.28 to 1.6 Mbit/s depending on encoder efficiency and number of services in the
multiplex, whereas in high quality SD in critical scenes 2.4 Mbit/s may be necessary

Audio 0.096 Mbit/s

Data 0.35 Mbit/s

Total HD 6.40 to 7.64 Mbit/s

Total SD 1.73 to 2.05 Mbit/s

Table 3 Required bit rate
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Section 4 shows a number of examples of multiplex compositions. In calculating the bit rate per
SDTV and HDTV service the following assumption have been made:

Service element Assumed value

Multiplex payload 27.4 Mbit/s; see note on Choice of DVB-T2 variant
Fixed video bit rate HDTV, basic value 10 Mbit/s, see Section 3.1
Fixed video bit rate SDTV, basic value 2.5 Mbit/s, see Section 3.1

Encoder efficiency improvement 1) 25%, as assumed by EBU for currently available
encoders
2) 30%, as assumed by EBU for encoders in a few years’
time
Statistical multiplex gain 1) Figure 1, with a maximum of 27% for SD or HD only

2) Figure 1, with fictive number services according to
formula (1) in case of mix SD-HD
Audio 0.096 Mbit/s, see Section 3.2
Data 0.35 Mbit/s, see Section 3.2

Table 4 Assumed values for calculating multiplex composition

4. Examples of multiplex composition

In total six multiplexes will be licensed. One multiplex will be dedicated to Community TV services
and will contain SD services only. The capacity of the remaining multiplexes will be divided among
Public and Business TV services.In the following sections two sets of examples of multiplex
composition are shown, based on the assumption given in Table 4.

The purpose of the examples is to show the number of services that can be accommodated under
different assumptions. The remaining capacity (overhead) is also indicated. In practise the bitrates of
the services will be adjusted (slightly higher or lower) to fill the full capacity of the multiplex.
However, it should be taken into account that the total bit rate of the services in the multiplex
should be somewhat lower than the net bit rate of the system variant for which the transmitters
have been adjusted in order to avoid overflow.

In Section 4.1 the assumption is that, as indicated in EBU Technical Report 015, current encoders
have an efficiency improvement of 25% compared to early implementations. The fixed video bit rate
for HD is 7.5 Mbit/s and for SD 1.875 Mbit/s. In Section 4.2 the assumption is that, as indicated in
EBU Technical Report 015, encoders available in a few years’ time have an efficiency improvement of
30% compared to early implementations. The fixed video bit rate for HD is 7 Mbit/s and for SD 1.75
Mbit/s.
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4.1 Multiplex composition examples with current quality encoders
Figure 2 shows three multiplex compositions.

SD HD
averag averag

evideo evideo
Mbit/s Mbit/s

3 - 6.38 0.12
2 1.59 6.38 1.52
1 1.37 0.18

The calculated fictive number of
services Npixin example Mux 2 is 5.

Figure 2 Multiplex composition examples (current quality encoders)

With six multiplexes there are several options for distributing the services over the multiplexes.Some
possibilities are shown in Table 5.

Multiplex Option 1 Option 2

SD HD |SD HD
Mux A 0 4 6 2
Mux B 0 4 6 2
Mux C 6 2 6 2
Mux D 15 0 6 2
Mux E 15 0 6 2
Mux F 15 0 15 0
Total 51 10 (45 10

Table 5 Multiplex composition options

Table 5 shows, that option 1 is the most efficient, because of the relative low statmux gain of the
SDTV services in the multiplex with mixed SDTV and HDTV services. Moreover this multiplex has a
relative high overhead.

4.2 Multiplex composition examples with near future quality encoders

In a few years’ time it is expected that encoding efficiency has increased by 30% compared to early
implementations. It might happen that when DTTB implementation in Thailand starts the encoder
efficiency has reached that level. Figure 3 shows three multiplex compositions.
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SD HD
averag averag

evideo evideo

Mbit/s Mbit/s
3 1.49 5.95 0,33
2 1.45 5.81 0,59
1 1.28 - 0.27

The calculated fictive number of
services Npis:

e 4inexample Mux 3;

e 5inexample Mux 1.

Figure 3 Multiplex composition examples (near future quality encoders)

With six multiplexes there are several options for distributing the services over the multiplexes.
Some possibilities are shown in Table 6.

Multiplex Option 1 Option 2

SD HD |SD HD
Mux A 1 4 8 2
Mux B 1 4 8 2
Mux C 8 2 8 2
Mux D 16 0 8 2
Mux E 16 0 8 2
Mux F 16 0 16 O
Total 58 10 (56 10

Table 6 Multiplex composition options

Table 6 shows, as in table 5, that option 1 is the most efficient, because of the relative low statmux
gain of the SDTV services in the multiplex with mixed SDTV and HDTV services.The increase of
services compared to the numbers in Table 5 is because of the higher efficiency of the encoders and
higher statistical multiplex gain due to the higher number of services in a multiplex with SDTV only.

5. Considerations regarding testing procedures

The EBU test results provide well recorded evidence, however the values have to be reduced by up
to 30% depending on the efficiency of the encoder and up to 27% depending on the statmux gain. In
practise it will be difficult to estimate the efficiency gain of an encoder compared to the first MPEG4
implementations. Also the gain of a statistical multiplex isdifficult to estimate in a practical situation
because the gain depends on the differences in program content of the services in a multiplex.
Therefore the optimum video bit rate is difficult to determine.

Re-assessing the required bit rates on the basis of subjective tests is a time consuming process and
may better be carried out by well experienced laboratories. In this kind of tests the fixed bit rate is
assessed. Taking into account an encoder improvement of 20% to 30% compared to the EBU tests, it
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is questionable if such tests would result in a more accurate assessment of the required bit rate than
provided by EBU. A complete re-assessment of picture quality is therefore not recommended.
However, it is important that NBTC and market parties have confidence in the chosen bitrates.
Verification tests and demonstrations are important means to obtain the confidence.

In the verification tests representatives of NBTC and market parties can observe a limited number of
pre-selected SD and HD video bit rates and express if they consider the picture quality acceptable.

In carrying out these tests it is important that:

a. The source material should be of studio quality. Source material that has already been
encoded and transmitted (e.g. signals from satellite transmissions) should not be used,
because the quality is limited by the encoding of the original source and the transmission
may cause artefacts in the received picture. Furthermore cascaded encoding results in a loss
of quality.

b. The transmission quality between the test play-out centre and encoder should be of high
quality (SDI with 270 Mbit/s for SD and HD-SDI with 1.485 Gbit/s for HD). To avoid long
transmission links it is necessary to co-locate the head end and the test play-out centre’.

c. The tests should be held at a receiving location with a stable received signal well above the
usable field strength to avoid artefacts due to noise and interference

In this section a number of considerations are given that could be of use in specifying the test
procedures.

5.1 Picture quality evaluation
There are many methods for picture quality evaluation; among them the subjective methods
proposed by the ITU (see the overview in Table 7).

ITU-R recommendation Title

RECOMMENDATION ITU-R BT.500- Methodology for the subjective assessment of the quality
13 of television pictures

RECOMMENDATION ITU-R BT.710-4  Subjective assessment methods for image quality in high-
definition television

RECOMMENDATION ITU-R BT.802-1 Test pictures and sequences for subjective assessments
ofdigital codecs conveying signals produced according to
Recommendation ITU-R BT.601

RECOMMENDATION ITU-R BT.1129-  Subjective assessment of standard definition digital
2 television (SDTV) systems

RECOMMENDATION ITU-R BT.1210- Test materials to be used in assessment of picture quality

4

RECOMMENDATION ITU-R BT.2022  General viewing conditions for subjective assessment of
quality of SDTV andHDTV television pictures on flat panel
displays

REPORT ITU-R BT.2245 HDTV test materials for assessment of picture quality

Table 7 ITU-R Recommendations and Report regarding picture quality assessment

"For reference: in the tests in Northern Germany (see footnote 4) the test signals were generated at a location
in Hamburg. Also the head-end was installed at that location. The equipment was remote controlled. The
signals from the DVB-T2 gateway at the location in Hamburg were transmitted via microwave links to the
transmitting stations.
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In specifying verification tests and demonstrations the following attention points should be
regarded:

a. Test conditions should be clearly defined and only one aspect should be tested at the same
time. The ITU-R Recommendations and Report listed in Table 7 give guidance for specifying
the tests.

b. Also in case of subjective verifications and demonstrations it is useful to apply the test
conditions used in picture quality assessment tests, including viewing distance (see in
particular Recommendation ITU-R BT.2022).

c. The optimal viewing area in front of a screen is rather limited. In case of tests or
demonstrations with groups, parallel screens and associated seats should be installed.

d. Verification tests and demonstrations shouldbe carried out by using:

e (Critical scenes; test material from the ITU test scenes, referred to in
Recommendation ITU-R BT.802-1 and Report ITU-R BT.2245 could be used, including
thecritical scenes mentioned in the report of the DVB-T2 investigations in Northern
Germany (Panning camera at a football match- see section 3.1)) to verify SD quality;

e Selections of typical Thai TV programmes.

5.2 Video bit rate to be verified
For verifying the required video bit rate, the fixed video bit rates representing good picture quality
with encoders available in a few years’ time could be taken as reference, that is:

e SDTV at 1.75 Mbit/s;
e HDTV at 7 Mbit/s.

If the tests show that the invited representatives of NBTC and market parties are satisfied with the
picture quality, also in critical scenes, these bit rates can be taken as basis for the adjustment of the
statistical multiplexing.

If the observers are not fully satisfied, NBTC could:

e Either, adopt the video bit rates representing good picture quality with currently assumed
encoder quality, that is SDTV at 1.875 Mbit/s and HDTV at 7.5 Mbit/s;

e Or, retain the tested bit rates and assume that when implementing DTTB in Thailand better
quality encoders will be available.

It is understood that during the DVB-T2 trials, five encoders, able to code SD and HD, are available.
During the verification tests mentioned above a fixed bit rate should be used.

In addition to the fixed bit rate verification tests, an impression of the picture quality using statistical
multiplexing, can be demonstrated, e.g. the multiplex composition of Example 3 in Section 4.1 or
4.2, respectively, depending on the choice of video bit rate described above. The test material
should have different content, the average video bit rates should be adjusted as described in Section
3.1 and the maximum bit rate should be in in accordance with the chosen fixed bit rate values. Also
the bit rate for audio and additional data should be included.
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5.3 Conclusions

From the considerations given above the following conclusions can be drawn.

To summarize, in specifying test procedures to verify the video bit rate it should be taken into

account that:

a.

Tests should be carried out at a receiving location where the received signal is stable and
free from noise and interference;
The input signal to the encoders should be of studio quality;
Critical test scenes should be included in the tests (see Recommendation ITU-R BT.802-1 and
Report ITU-R BT.2245);
The viewing condition should comply with Recommendation ITU-R BT.2022;
The bitrates to be verified should be fixed bit rates
0 SDTV at 1.75 Mbit/s;
O HDTV at 7 Mbit/s;
In case statistical multiplexing is demonstrated
O The test material should have different content;
O The average bit rate should be adjusted as described in Section 3.1;
0 The maximum bitrate should be as indicated in e. above.
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AaaneuvesagaIniAluwsiazyy (luriie dB) [Horizontal Radiation Pattern]
| degree | Value [ degree | Value [ degree | Value [ degree |
0 -0.6 72 -2.636 144 -1.775 216 -1.7 288 -3.09
1 -0.69 73 -2.429 145 -1.929 217 -1.5 289 -3.295
2 -0.78 74 -2.222 146 -2.114 218 -1.3 290 -3.5
3 -0.87 75 -2.015 147 -2.309 219 -1.1 291 -3.61
4 -0.96 76 -1.808 148 -2.513 220 -0.9 292 -3.72
5 -1.05 77 -1.601 149 -2.728 221 -0.82 293 -3.83
6 -1.14 78 -1.394 150 -3 222 -0.74 294 -3.94
7 -1.23 79 -1.187 151 -3.13 223 -0.66 295 -3.81
8 -1.32 80 -0.98 152 -3.26 224 -0.58 296 -3.68
9 -1.41 81 -0.899167 153 -3.39 225 -0.5 297 -3.55
10 -1.55 82 -0.818333 154 -3.52 226 -0.54 298 -3.42
11 -1.73 83 -0.7375 155 -3.65 227 -0.58 299 -3.29
12 -1.91 84 -0.656667 156 -3.53 228 -0.62 300 -3.16
13 -2.09 85 -0.575833 157 -3.41 229 -0.66 301 -2.908
14 -2.27 86 -0.495 158 -3.29 230 -0.7 302 -2.656
15 -2.45 87 -0.414167 159 -3.17 231 -0.766667 303 -2.404
16 -2.63 88 -0.333333 160 -3.05 232 -0.833333 304 -2.152
17 -2.81 89 -0.2525 161 -2.843 233 -0.9 305 -1.9
18 -2.99 90 -0.6 162 -2.636 234 -1.064286 306 -1.7
19 -3.17 91 -0.69 163 -2.429 235 -1.228571 307 -1.5
20 -3.1 92 -0.78 164 -2.222 236 -1.392857 308 -1.3
21 -3.15 93 -0.87 165 -2.015 237 -1.557143 309 -1.1
22 -3.2 94 -0.96 166 -1.808 238 -1.721429 310 -0.9
23 -3.25 95 -1.05 167 -1.601 239 -1.885714 311 -0.82
24 -3.22 96 -1.14 168 -1.394 240 -2.05 312 -0.74
25 -3.13 97 -1.23 169 -1.187 241 -2.15125 313 -0.66
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26 -2.947 98 -1.32 170 -0.98 242 -2.2525 314 -0.58
27 -2.763 99 -1.41 171 -0.899167 243 -2.35375 315 -0.5

28 -2.58 100 -1.55 172 -0.818333 244 -2.455 316 -0.54
29 -2.397 101 -1.73 173 -0.7375 245 -2.55625 317 -0.58
30 -2.6 102 -1.91 174 -0.656667 246 -2.6575 318 -0.62
31 -2.425 103 -2.09 175 -0.575833 247 -2.75875 319 -0.66
32 -2.25 104 -2.27 176 -0.495 248 -2.86 320 -0.7

33 -2.075 105 -2.45 177 -0.414167 249 -2.83 321 -0.766667
34 -1.9 106 -2.63 178 -0.333333 250 -2.8 322 -0.833333
35 -1.715 107 -2.81 179 -0.2525 251 -2.65 323 -0.9

36 -1.53 108 -2.99 180 -0.1 252 -2.5 324 -1.064286
37 -1.345 109 -3.17 181 -0.235 253 -2.35 325 -1.228571
38 -1.16 110 -3.1 182 -0.37 254 -2.2 326 -1.392857
39 -0.975 111 -3.15 183 -0.505 255 -2.05 327 -1.557143
40 -0.99 112 -3.2 184 -0.64 256 -1.9 328 -1.721429
41 -0.971 113 -3.25 185 -0.775 257 -1.8 329 -1.885714
42 -0.952 114 -3.22 186 -0.91 258 -1.7 330 -2.05
43 -0.933 115 -3.13 187 -1.045 259 -1.6 331 -2.15125
44 -0.914 116 -2.946667 188 -1.18 260 -1.5 332 -2.2525
45 -0.89 117 -2.763333 189 -1.315 261 -1.3 333 -2.35375
46 -1.07 118 -2.58 190 -1.45 262 -1.1 334 -2.455
47 -1.089 119 -2.396667 191 -1.655 263 -0.9 335 -2.55625
48 -1.109 120 -2.6 192 -1.86 264 -0.85 336 -2.6575
49 -1.141 121 -2.425 193 -2.065 265 -0.8 337 -2.75875
50 -1.167 122 -2.25 194 -2.27 266 -0.75 338 -2.86
51 -1.321 123 -2.075 195 -2.475 267 -0.7 339 -2.83
52 -1.471 124 -1.9 196 -2.68 268 -0.65 340 -2.8

53 -1.623 125 -1.715 197 -2.885 269 -0.6 341 -2.65
54 -1.775 126 -1.53 198 -3.09 270 -0.1 342 -2.5

55 -1.929 127 -1.345 199 -3.295 271 -0.235 343 -2.35
56 -2.114 128 -1.16 200 -3.5 272 -0.37 344 -2.2

57 -2.309 129 -0.975 201 -3.61 273 -0.505 345 -2.05
58 -2.513 130 -0.99 202 -3.72 274 -0.64 346 -1.9

59 -2.728 131 -0.971 203 -3.83 275 -0.775 347 -1.8
60 -3 132 -0.952 204 -3.94 276 -0.91 348 -1.7

61 -3.13 133 -0.933 205 -3.81 277 -1.045 349 -1.6

62 -3.26 134 -0.914 206 -3.68 278 -1.18 350 -1.5

63 -3.39 135 -0.89 207 -3.55 279 -1.315 351 -1.3

64 -3.52 136 -1.07 208 -3.42 280 -1.45 352 -1.1

65 -3.65 137 -1.0894 209 -3.29 281 -1.655 353 -0.9
66 -3.53 138 -1.1094 210 -3.16 282 -1.86 354 -0.85
67 -3.41 139 -1.1414 211 -2.908 283 -2.065 355 -0.8
68 -3.29 140 -1.167 212 -2.656 284 -2.27 356 -0.75
69 -3.17 141 -1.321 213 -2.404 285 -2.475 357 -0.7
70 -3.05 142 -1.471 214 -2.152 286 -2.68 358 -0.65
71 -2.843 143 -1.623 215 -1.9 287 -2.885 359 -0.6
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C/N value
requirement with
rotated

Not recommended.
constellation is
higher than

without

The tests with portable reception indicate that shorter interleaving interval
(10ms) is to be preferred.

The FFT size of 32k allows a higher bit rate because of the shorter relative

guard interval. For that reason 32k is a good choice for portable reception.

The field tests with portable reception were carried out with PP2 and PP3.
The tests show that PP3 results in the lowest C/N.
For portable indoor reception : the choice is PP4 (theoretical considerations)

The tests show that with extended carriers no real deterioration of the adjacent
channel protection ratios took place. Therefore extended carriers are

recommended.

The tests with portable reception show that the results are not as good as
expected. The gain of less than 0.5 dB did not compensate the additional Gl 1/4 and PP1
overhead of 2 to 4%, which expressed in a C/N loss (depending on the choice cannot be used.

of parameters) is in the order of 0.5 dB.

no test results

(equipment’s option was not available)
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wondnil deldnantedanasuuazanufgiulosuveinissudyyraludnune fixed

rooftop wag portable indoor fanaaslumIs19ATUaY

fixed reception portable indoor reception

receiving mounted at the rooftop | used indoors at the ground floor
antenna (the received signal is reflected against
walls)
Channel Ricean Rayleigh
field strength | low high
is required (3T dB above the value for fixed rooftop
reception)
C/N value low high
payload modest high
Good receptionis Good reception is possible
possible in a large area | nearer to the transmitter

vy

31 NNsAnwten AnevIne Y Felaagunndwesmanalinfivansaudsemelng

LATADAAABINUULHUIBVDY NANY. AINITIATUANIT

FFT size 32k, extended carriers
Pilot pattern PP4

Guard interval 19/256 (266 ps)
Modulation 64-QAM

Code rate 2/3

Rotated Constellation off

Expect O/P Payload 27.4 Mbit/s
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318aRYANIINATATZUUNITE WYY 1d(National Head End)
SYUUNTEANedYIa Usenaume 2 d1u A
o. STUUNITAEdaIMEIunans (National Head End) fndedi anfAnglnsfiainesinun
@97l boo namalesu v amiauly wangln nna.
b. seuUdygaduaniilds (Transmitter Input Equipment @ TIE) Ansafiaantha3ods

nsiridmiangann o1slunen b 0.599U5150 wwae NIy e 51993 NFIIN

®. TUUNTEFYYIUaUNAe (National Head End)
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6.

©.6m

®.&

®.&

Fnudyangyied sen1sungd Tuszuu SD Tu nna.
UTWTeNsInsvimisyuu HD 9 nyndeawindidl Wiutufinlilu Server wiouflay
Play-out 88n81NF ALLIATIRIVILA

\sadeyiunIniia HD wag SD MNNATEIU MPEG-G AVC/H.264

sty adondsmdnic HD waz SD MUNINTFIU MPEG-GHE-AAC V2 du
NS TRAd QY IMTAAEITEY LuUaeTedes (5.1 Foudss) ninaziing
Tiuins Widumadenlunisivusunasgiu
Jaasrgndeyadasensdidnvsedind (EPG) Jayanisliuinis PSI/SI(PSI -

Program Specific Information, SI : Service Information )

®.D

UDUANITIUNT

Y

04 MPEG TS

FIWTNdy TR NaEIASeTITBYA PSI/SI wae
ddnnsedind Wrmeiuuuuldaana (Statistic Multiplex) Jud

o

To Baiyakes 2
— P >
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[

©.o Suduanas MPEG TS 578015 TPBS (HD+SD) susaieulnemu &

A

o a 1Y

wa  anlunsnudygin Multiplex) Insviruviasdu (Mndl) Avdygiaiiu
NPT
be  edygraiiualrtuATesasnsirlflInean ARl DVB-T2

6 SD (Free TV Channel)
1 TPBS HD

1 CHS Play-Out HD
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W1UszaenvaanIsnagau

nMInedeUsTUUNsTuasdyaainalnsvirilussuuiineauwuseandu e svoz

d. J U 1 a s { ] (%
F2UEN 0N 1SAFDUINDEUTULALINAINITIHINBSVBITEUU DVB-T2 Angaudmsulsenelng

[

TnenUseasnveeseesi o Jeall

o. maaeunTdimeifielrlfiuiinsounguuiniian (Maximum Coverage)

b. aaeuIniinesiiielliAinmggean (Maximum Capacity)

o, nageumsdinesiitelrlinadwsiinsamusiign (Msdiesnainakazsuiuanilds
g

1%
Y

Y198 NISNAABUVNAUABILANUFDAAABINUULUIEUDS NANY. Rl

o. donndastulszna nany. iFes unuarwiingdmiuianisnsiminiefumiuszuy
AInea 817 ‘ﬁuﬁmamqm srpzvianssaanil Mdsdseonainie
sl vnUssmadsnaniguassamamaiin annsadavhdeiausuusniteusulsdld

. deandoslovisimusliiuilunmauiadeaunsefudyanaludnuas portable

indoor ¢

ANLUINNNTNAFDUYBIALIINNIUY 283 o LL“UI\‘i’e]E)ﬂL‘ﬂu o NSNAADU AD

[

o. MinaapuNsTudyyaludnune Fixed Outdoor (Test A.1) fingUszasAlilanngauug

o

o

ATOUAANYDIEYEY 1MUY Fixed Outdoor Reception melulunusnisvesaniiienaisluven

T

o uasIsuifisuiiufinsounquisnindinsiimiveusSonuasitnea

. MINAdaUNTIUAYaludnwuy Portable Indoor (Test A.Z)ﬁfmqﬂﬁzmﬁlﬁawﬂaauﬁuﬁ
ATBUARNYBIARYQY LU Portable Indoor Reception U3auuamautailesisegmely
wAL3Nsvesanenaslunen b uazBuduniaimesuesssuu DVB-T2 Faaunse

T9uSnnsuy Portable Indoor 9

= Y ' i o a 4 ) v { '
WYEN o ﬂ']ﬁ/]ﬂﬁ@‘ULﬁaﬂ’]ﬂqﬂ’l’]lmﬁﬁL‘V]ll']gallsUaﬂﬂJamL‘Wgﬂf‘U LLagamﬁ’]sUaﬂquaﬁL‘Vilngallsl]a\‘isﬁaﬂ

378N13UU SDTV way HDTV

1
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- MIvedeulsEaNSnmYesEgeINIANIASULULLEATINLAaE WD

aa

- mimaauamummmuamm AAEAUUIATIIIEILUY Single Frequency Network 7
gudiudn Gluaydudunvesszeyyingignvesanntl (3o maximum cell radius)
- MINAABUNAYDINTITUTUAN FFT Size wag Gl Litomnisildsunlasnanimueenissudyayo

wazNITSUA Y IMZIAROUN

UNUNNLEAITOULUATDINTAdaUN TS Uasd e aulnsvimilusyuunidnea

Test A.1 Fixed
Outdoor Reception
3583171 ® N1INAEU
Wemeamisfiwes
Test A.2 Portable
Indoor Reception

NIINAADUISUUTUANAY Q10 _ ,
o can ' Multiplex Capacity
WsyiaufInea (DVB-T2)
SeeEi b NSNAFDU
WamMAIANY
Required Bitrate for

SDTV and HDTV

SEaEN a0 NSNAFDU
U
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AMNTANVBINISNATDULNDTUIULAZUIATNITIALNDSVIITLUU DVB-T2 Mnuzay

(nMsnadauluszesn o)

a o

Wuszaed (Goal) UoINN1SNAARULNDEUTULALIAINITINNDSVBITZUU DVB-T2 Misnsauiingd

nageuMNTwesiveWlaiuinseunguanign (Maximum Coverage)

nageunslineiivella1aiuggan (Maximum Capacity)

a s A 1Y o saa o a o o 1 ° a
on. ‘V]@ﬁa‘UW']iqllLW@5LW@Im@NaﬁWﬁmﬂJﬂqiaﬂnu@qWq@] (N1A9d99NDINIALAZITUIUED U
witng )

Jan1uun (Necessary Condition)Un4n15naaautied udumasinAInisIdmesuasseuu DVB-T2 7

a v

WILNTEY JRail

0. Saimsliusnisvedlnsvirdssuufineadesnsounaulitdosnindeiinistiuinsvednsvial

FEUULUZADN
. ansnsusdludnuugFixed Outdoor (MINUNIATOUAGUUDLINUINNT) tazanunsasuvaly

anway Portable Indoor (luwsimeauiatiiand)

=

Wauluniseanuuudue
' = | a0 ' = a
o. JPEENNNTIgRsEinvansanldslulasnuSEN Ae aw.clawns
b. AMINYULIDIFIAVLAAT Y ITUNIU (Noise Figure)uaain3assudayaameatioanivmse

Wi o dB
Yo A Ay & o . aa & v ' O
. ESUBNUZIATOUNINIBA21M5IA(Slow Mobility) AllAuEIteandt be n.l. siedalus

URNBRR))

a & a d' -al' ¥ %
WIFUADINIUNAUAVDITEUU DVB-T2NNEIVDINUNIINAEDU

FFT Size Guard Interval Pilot Pattern

Modulation Level (i.e., QPSK, 16-QAM

4 FEC Code Rate FEC Block size (i.e., short, long)
waraue)
Margin of threshold(dB)n \aTesudnyayios
Rotation of Constellation ERP wasannilds (@ussseninemdmdvesadessuduya

fiu Mad1veaTaIsudy Y NmNEn)
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1980NUB9 FFT Size way Guard Interval wislvlar1vassseeniaimunyay

senIsdnsdanuulaseung SFN

Max.
Guard .
Cell (FFT Size, Guard Interval Fraction),
Interval
Radius % overhead 310 Guard Interval
(us)
(km.)
(32k,19/128),
532 159.6
14.8%
(32k,1/8), (16k,1/4),
448 134.4
12.5% 25%
(32k,19/256), | (16k,19/128),
266 79.8
7.4% 14.8%
(32k,1/16), (16k,1/8), (8k,1/4),
224 67.2
6.25% 12.5% 25%
(16k,19/256), | (8k,19/128),
133 39.9
7.4% 14.8%
(32k,1/32), (16k,1/16), (8k,1/8), (4k,1/4),
112 33,6
3.1% 6.25% 12.5% 25%
(8k,19/256),
66.5 19.95
7.4%
(16k,1/32), (8k,1/16), (4k,1/8), (2k,1/4),
56 16.8
3.1% 6.25% 12.5% 25%
28 8.4 (32k,1/128), (8k,1/32), (4k,1/16), (2k,1/8), (1k,1/4),
’ 0.78% 3.1% 6.25% 12.5% 25%
14 42 (16k,1/128), (4k,1/32), (2k,1/16), (1k,1/8),
’ 0.78% 3.1% 6.25% 12.5%
7 21 (8k,1/128), (2k,1/32) (1k,1/16),
' 0.78% 3.1% 6.25%

o
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19880849 Pilot Pattern ANeviaInsi@anan FFT Size wag Guard Interval

- 1/32 1/16  19/256  1/8  19/128  1/4
PP2 PP2
PP4 PP2 PP2
PP7 PP8 PP8 -
PP6 PP8 PP8
PP4 PP4
PP2 PP2
PP7 PP2 PP2
PP8 PP8 PP1
PP7 PP4 PP3 PP3
PP4 PP4 PP8
PP6 PP8 PP8
PP5 PP5
PP8 PP8 PP2 PP2
PP7 PP1
PP7 PP4 PP4 PP3 PP3
PP4 PP8
PP5 PP5 PP8 PP8
PP7 PP4 PP2
- - - PP1
PP4 PP5 PP3
PP7 PP4 PP2
- - - PP1
PP4 PP5 PP3
PP4 PP2
) _ . - PP1
PP5 PP3

INVOAINUA WoULY kAEZNITEBNNISITNDININATAT 1AL SIUDIVDLEUBLULINAMNEAUSNY
mulasInNsANUTiefiuanamnsAuuANTEnINUTENA a1UnsaasunseuveInIsaaeulag Ul

pandu o PLP (Physical Layer Pipe) fauandlumsisiuanai

Parameter ITU (PLPO) PLP1
FFT 32k extended 32k extended
Gl 19/256 19/256
PP PP4 PP4
Modulation 640AM 64QAM
FEC rate 2/3 3/5
FEC block size long long
Data rate (Mbps) -Teamcast 26.13 23.49
(C/N) Rayleigh - Teamcast 17.9 16.5
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(nMsnadauluszesi o)

1Y

NSNAFB UL USULAZMIANMNITINLNDSVDITEUU DVB-T2 Mmidnzad wuaeendu v n1snadausiail

[y

e. MInaaeuNTUdyaaluanuue Fixed Outdoor (Test A.1)

oy
oy

b. MInageuMssudaluanuay Portable Indoor (Test A.2)

a v

ASWIBUNSVRIdnnlaTlunsnaaeu deall

®. BUPBNINAMEMAIE@ENEINTA (ERP) E9aAAULHLAIILATNG
. AUNGINTNAERU TANA1TEUN11A Margin of Threshold teUsuanAidsaseanainiel

winngay (uvngdipsnunasounquuaswnuinigll)

sl o o

[ a & v o = &
sensgunsalidlulunisneaeu Fndsuusonsivindayayio) deedl

. @18DINIANINIFILLUY Dipole (Reference Antenna) USudievauarAugaaniiuaule
#1115 Fixed Outdoor reception(10-meter Telescopic Mast)
. @89INIANINTFIULUY Dipole NdmSy Portable Outdoor/Indoor reception

Step Attenuator @%SUN1IAABULUY ESR5

3

WA3RIFUNINTFIUEUTUNTIndRYy10d (Measurement Receiver)
Spectrum Analyzer
gunsal GPS

'
v v Y]

LA3995Ud e UV lUL U Set-top-box

2= U e A

o
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'Jﬁﬂ']'i')ﬂﬂ']aﬁﬁ']ﬁjﬂsﬂaﬁ Q.jiy']m?l']L‘lJ']LﬂiEN'ﬁULLUU ESR5

Amtermna
7
2nt
Ly g

N1SNAAOULUY ESR5  gnimusegluninsguETsl TR 101 290 lawendenisuiustep

attenuator  Tun1sUsuaanaudygruataunsenslianisasusion1sla (Usziduainn1ssuey
Insyiemd)

[ al o

Wenynsudyaaianunsasudyyin
InaNdslaeg1 9ty wazduiinan

MAI1VBUATRITU P,

>
«

\ 4

U5U Step Attenuator

\WoannaudeygIed

dhalusvesiia

NUAUAANAA 14

YDINTSULUNIN
T3y 1 3%

a1

v

Auann1snaaay wazdunne Py, i

RUTYLYAG)
- 9

e Tuthaan 20 IuileugwlviiamRenaialaliiiu 1 3undl dufundddeiiunnlidlivie Fail

® 907 step attenuator Usuaunausunmlilavienou Fail livinistduiinanmaswidivesniassuiiinla

'
A4 1 o @ o

Juen Py, o 150 Anmdsingauesdyaiamndesessuiimidindundiusinesiandineuld

£%

step attenuator %38 Pmiﬂlﬂu Margin of Threshold (dB)
® Margin of Threshold (dB) = P,, (dBm) - P,, ., (dBm)
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n1snagaun1ssudaygraludneay Fixed Outdoor (Test A.1)

nguszase

< g o . . =
LNBNAADUNUNATIUARUVDIAY 10U UU Fixed Outdoor Reception meluluauinises

anfionanslunen b waziSoufisuiuiinseunaussninavsviaiueusdonuazidnes

NI1599A YDA S NAIAL ST UUBDNDINIA

. 8ONDINAMEIAIAIEINDINA (ERP) G9gA AULKUAINDINGY
. DIRYIMUAYDINITINNDSN LINAADUN LY DLEUBLULUBIAMEIUI NN (PLPO)

VO IMUANE 1N UATEI5ULI9 3571 (Measurement Receiver)

fivium Noise Figure U931A3933ULATE WD dB

n )

|

SaenE A5 e

10 wns

Measurement
Receiver

TN
[
LIPS

I ~
Tad Py,

067 Pl o~ o0 cven3)
d#uie Margin of Threshold
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o. saaTdindygrauluinuiindyarainuanunInRuan

[

. Lﬁam;m AAEYIUN1IUDNDIAITWUY Line-of-sight
a. ATRERULAzUUTINYRYAaN NLINREY

< UuiinA1 GPS s8UMmLviauadsansIvindnyayol

'
[

& USuawe1nie (ReferenceAntenna) Yua eotunsviululuiianianiudyaiousiign
5. Sunmdygralnsimissuuieugdon Yuiindeyanmnim

o. Sunmdygradnsviedssuuidneadufinteyananim

v v

. WYY Py, [dBm] e E [dBuV/m]

& Anfunsineagisnsinmawnanvesdyaaudiasessusuy ESR5 (d Step

attenuatorifn P, aePy, i [dBM])

(Y]

©0.AIUNTANUTD b - « T Ingidenynindeya1n181ene1A1TLUU Non Line-of-sight

(MadonlagarFenyiniiesueyn)

KATIAININIEIASU

o w 1

o. W3UNSTUTUINNASIEI09nD1NA (ERP)LAZNISITMDSUDISTUU DVB-T2 @1unsabiusnishe

Toesinunnisiusnishidesniniiunnisliusnisvednsimissuukouzaan
. laA1 Margin of Threshold lugmsineg weagldusuaniasdeeanainielimangay

o, AUINAY (C/N)yn IINAIAAUINIINATOITUNINTFIU LitDVINITUTBUEUAY AN
(C/N)minrice 9MNLONEANSEBU Tech 3348 (n191d0n)

1
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n1snagaun1sfudygyraludnuay Portable Indoor (Test A.2)

Tngusvasn

\onadaUNUATOUANYDIFY 1MUY Portable Indoor Reception USHIaluANAUIA
ilesgegmeluwausnisvesaniiomslunen b uagBudumslinesvedssuu DVB-T2 3w@1un3a

T uSnnswuu Portable Indoor b9

N71509A YA S DNANUAY L UYDDNINIA

®. PINBINAMEIAIEIW®ENEINTA (ERP) 894A MUMKNUAIINDINY

. 9AlNUAYDINNTITHBSN I INAFDUANUT DLAUD UL YDIANEAUSN®1* (PLPO wag PLP1)

YONIUMNE A UASDITUNINT 971 (Measurement Receiver)

Avun Noise Figure mam’%aﬁummgmﬂub dB

muluanans
| 'Xﬁ Fam~ F ﬁll‘l
wiinets oy
wiamwin ()
Measurement 4
e e -~ Receiver =
L
@ -
anauana IS metuaians
967 Eoutdoor Ta61 Pin
Ua¥ Pin sutdoor (] Yad Pigmin (370 ESRD)

#1ue Margin of Threshold
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LHUNISANIUNSNAFBULN DB UG ULAZWIATNISIAMBSVRISEUU DVB-T2 Mwinngau(nisnadauluszezi o)

AaNITU

N.N.56

1.0.56

L.8.56

N.A.56

31.8.56

N.8.56

#Uavin

FUain

FUavin

FUa9in

FUain

#Uavin

213

2|3

213

1123

2|3

213

WUATINL 9RaT3LAT09He/aUNTAINAABY WAZINWNUNITALNNY
dusunaaaudoy o

BuANHuNINAao U QYIM (5OULIN)

2.1

nsnageunssudauluanyug Fixed Outdoor (Test A.1)
317U 40 90
(1 9m = LOS+ NLOS)

2.2

nsnageunssUdyealuanwuey Portable Indoor (Test A.2)
317U 20 90

(1 90 = weneIMS+HUtLTMTONTMS+HIRINMI IS eV A+
Aananseq)

Usgiliunan1sveaeuiloswiu srusudymauasse uazwuimauil

o o

FfiuN1INAERUAYYIM (FOUNAY)

4.1

o

nsnageunsTudy e aludnuue Fixed Outdoor (Test A.1)
317U 40 90
(1 9m = LOS+ NLOS)

4.2

nadeunssudygadludnuae Portable Indoor (Test A.2)
311U 20 90
(1 90 = wenIMS+HUULIVTENTAI+IRINMIIT T BVTNA)

A3ULALIATILYIRANTVIAGRUTEUEN 1

MsUTEYLANEYINUY

msaunsifgatunsnegeudyanlussusi o

AleuAzUNLALTNNTATI
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WNUIANTIINTNEINT (UAaINIuazaUnsal)

s18n1siAIesladnuazaunIaldmiunsindeyayn

fuu | w89 CERND) MUY

IUIUYAAINT
(Aw)

1| mue. 1. sagniauianeInTA Telescopic @4 10 tns 1
(TOYOTA COMMUTER with Telescopic)

2. @ganAkuuYagikazluu Dipole LOCAL 1
g3 kg 1.5

3. LED TV32' 1

4. DVB-T2 Signal and Spectrum Analyzer 1
(ROHDE & SCHWARZ)

5. DVB-T2 Test Receiver +Notebook 1
(ENENSYS)

6. Portable DVB-T2 Test Receiver TV Explorer 2
HD (PROMAX)

Step Attenuator 1

gunsal GPS

—_

10

2 R&S ETL TV analyzer

EFL Handheld TV Analyzer

DVB-T2 Set-top-Box

Mobile Measuring Antenna

Mobile Measuring Car

Step Attenuator

gunsal GPS

§1887INA €3 3 LUnT

AR e AN A e B N Rl NS B
e e T T = A= (0 N RSN TSN

#180INA &9 LUAT 10(52RnA(

3 TPBS

—_

Portable DVB-T2 Test Receiver 1
(PROMAX)

#@1891n1# Dipole(Gain 0 dB) g4 313

gunsal GPS

R&S Mobile Measuring Car

ETL TV analyzer

o LR
— = = -

Step Attenuator
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AVUANITNAFBUAAIUTINAY (I o-m) TUTIAITN o NUATNUS o&dD

[V

FaAnnesvessEUU DVB-T2 T PLPO way PLP1 &ai)

9.00 u.

Parameter ITU (PLPO) PLP1
FFT 32k extended
Gl 19/256
PP PP4
Modulation 64QAM 64QAM
FEC rate 2/3 3/5
FEC block size long long
Rotated Constellation Off Off
Programs 35D+ 1HD 3SD+1HD

Svuamsidosdu

- YatanulsmeIuIasIIUAENT (testpoint#0)
- ATREUANNNIaNYRATRlaTaLavUNTalvatuAs iU

- Biedyganuisnsnadeunissudyeadudnuue Fixed Outdoor (Test A1) wag

Wnsvedeun1ssudyanadludnue Portable Indoor (Test A.2)
WIHUMBUNANTITINANNTIE o 11 D19 AT BANUSULN correction factor) @1usU

\ATeslleInvadwsangy correction factor MNMTINFYYINNTLAUANILEL a0 LUAT(RINUY
Tadayayraunugaengg fansistuntaaly

MNEAABTUNBUAUFLUANT AR

eRGRTRTREY

Y indyaaivinyuiuintunenlugnuaeNiiaUwIes

foyeyeusngn (M1 radiation pattern)

SATIIENG

o

U

Rl GRTTRN Y
(

TyuAUANtunenTUANWUENIANULIIVD
714 radiation pattern)

dlonaziauaduntsnnaindygamulasinimesssszuunmsivdsdygiansirinaiiuiulussuuainea

o




ganasaudygalugenisnaasmagaunisadyyIanvialluszuuainea duiuiudinsi e NUATNUS bedo

0 i Isawazmaﬁizm:am‘ 14,074 100617
any wAnnsziih
nilaginanlssweurasssuransmeaniy
1 | 9ausn | wesuAsASessen | uielsBu | Wessindes | wen #308 / #3477 uaesBu | 14 13.19 | 10034.83 | 186 | 519 | 77.4 |50 | nguvwy
2 wzuAsAIRYse | ulng vlng fi1ms e.undlns 141269 | 10029.88 | 176 | 51.0 | 864 |50 | nyunwv
3 WITUASASRYSYT | velusyl | ARBsEIuNg Tontdaydee e 142066 | 10034.00 | 184 | 657 | 705 |50 | nyumwv
4 WzUASASRYSET | nwAlegsen | Usegde auguaImUTalon 142120 | 10034.07 | 183 | 66.6 | 64.0 |50 | nyunwv
5 WITUATATOYSET | Uiy | unelsiiy wihlusudide.u1ausiu 14 27.69 | 1003279 | 181 | 785 | 69.6 |50 | njunw
6 GEATE] YA AUDILA NUDILA PA U1Uiiunese.nuadun 142412 | 1005488 | 210 | 825 | 642 | 50| NJUWAN
7 WITUATASOLTEN Tley Tudey nsatunane. fatioy 1414.01 | 10043.11 | 201 | 56.6 | 81.2 |50 | njunne
8 Unusndl ARBANAN G anfngitensfing 14 04.26 | 10042.60 | 208 | 39.6 | 81.6 |50 | nyuvwmv
qailagszninednluven - Tsaneunasssuaand
9 | gausn Unusil aulan aulan fimse.anilan 140385 | 1003145 | 178 | 344 | 827 |50 | nyunwe
10 Unusil nuunusd | uiedsen wihmsusedn Unusdl 140122 | 1003117 | 176 | 29.6 | 883 |50 | nyunwe
11 nny AouLilad driu aluasnisvinunneuilos 1359.66 | 1003629 | 201 | 20.4 | 83.6 |50 | njunwe
12 WUNY3 MLUUNYS Yimse uUsEndon 3 ey 135282 | 1003285 | 184 | 14.0 | 887 |50 | nyumwv
13 nny U9y P GACRE] BUATANANIY LUALIUY 135256 | 1003579 | 205 | 14.8 | 98.0 |50 | njunn
14 vy véna AU | 999N LASUNIWAUINY 135133 | 1003508 | 201 | 122 | 852 [ 50| Ny
15 nmnl INT GRLERE AULLYAININT e SCB 1349.58 | 10033.74 | 197 | 83 | 902 |50 | njunne
16 vy Ude U9 Tndmadaus waunsde 134895 | 1003214 | 176 | 6.8 | 954 |50 | nyunwe
Aileuazwusiiunsrnaadygyunlasinisvaaesszuunsiuddyanalnsimineiuilussuuiines o
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lnalAgsUsuveusalaninlunene lusses o, bo, do, go, Rolar eoo NlakINg

ANAALIUIINVDUNUNATOUAAUVDIF YY1 0ULAY
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o IS

sudIanwmAUIalasuannJamNLUAITInsSUdaaludnwae portable indoor ta

[ Ag]

'
1 [ o

ANNAIAMAINYBINTTUFYYIFAINTT .o

9

v v o

deonynindyaauinaluasngaymagahagsudygaldlii onf uwaavsesings [usu
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o

NUGMAABSUIEMAUAL UM EAIYA IRy Y10

[

nndyaaluanuae Fixed Outdoor (Test A1)

[

afndaaaludnune Fixed Outdoor(Test A.1) #iaasTa
Fouadludnwedy Portable Indoor (Test A.2) g

-
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1 | <50km | nvu u93n U193n wilUswdldnarsununesn 134358 | 1003091 | 42 42 | 790 | 50 | nyunwy
2 | <50km | nv uNng ARBaTY wannsiavglunu1ansy 1346.49 | 1003898 | 260 | 120 | 748 | 50 | nyunw
3 | <50km | anu SUUS UiiEe o1 THE MALL viwse wumsuu | 13 43.08 | 100 28.64 | 60 80 | 965 | 50 | njunwv
4 | <50km | vy WINT GRLERE AULLYAINTNT 1eie SCB 1349.58 | 10033.74 | 197 8.3 90.2 | 5.0 | AU
5 | <50km | Ay ERRE viangyln Weagnwidiauns o 1344.86 | 1003194 | 48 12 ] 1065 | 50 | nyunw
6 | <50km | auwmsusis U9UD tusenA ULESUN5A 8.U9UD 133391 | 1005030 | 304 | 384 | 822 | 50 | nNjunw
7 | <50km | aumsusims Wsransiafd | vinesennaanng | fiimse.wsvaymsiafie 133401 | 1003374 | 354 | 20.8 | 84.0 | 50 | njuvw
8 | 50km | Unusnil navuauds | Jaun fliinse vusade 1408.12 | 1004939 | 217 | 521 | 701 | 50 | nyunw
9 | 70km | wszumseSeysen | vumsessen | Useady AuavN UMD 142120 | 10034.07 | 183 | 66.6 | 64.0 | 5.0 9858
10 | 50km | wszuasAseEsen | uialng u4lns s e.undlng 141269 | 10029.88 | 176 | 51.0 | 864 | 5.0

11 | 80km | wssumseSossy | uaUsiiu Ui winlUsualde. u1adsiiu 142769 | 1003279 | 181 | 785 | 69.6 | 50

12 | 80km | wszupseIeysen | n1d K Hosiihnise.nd 1427.06 | 10043.63 | 195 | 79.9 | 61.2 | 50

13 | 60km | wizuAsASOYSYT | NIULAU WUl 11930 @UNBD. AU 14 19.02 | 10024.31 | 168 | 642 | 734 | 50

14 | 70km | wizuAsAIRESET | Uy U9 maith fnse.u1ethe 14 19.38 | 10018.07 | 158 | 682 | 817 | 5.0

15 | 80km | aswys VAL UBIUA VIUBILA PA TUAUNDI0.AUDIA 14 24.12 | 100 54.88 | 210 825 | 64.2| 50

1y
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1 | <50km | nvu u93n U193n wilUswdldnarsununesn 134358 | 1003091 | 42 42 | 790 | 50 | nyunwy
2 | <50km | nv uNng ARBaTY wannsiavglunu1ansy 1346.49 | 1003898 | 260 | 120 | 748 | 50 | nyunw
3 | <50km | anu SUUS UiiEe o1 THE MALL viwse wumsuu | 13 43.08 | 100 28.64 | 60 80 | 965 | 50 | njunwv
4 | <50km | vy WINT GRLERE AULLYAINTNT 1eie SCB 1349.58 | 10033.74 | 197 8.3 90.2 | 5.0 | AU
5 | <50km | v ERRE viangyln Weagnwidiauns o 1344.86 | 1003194 | 48 12 ] 1065 | 50 | nyunw
6 | <50km | auwmsusis U9UD tusenA ULESUN5A 8.U9UD 133391 | 1005030 | 304 | 384 | 822 | 50 | nNjunw
7 | <50km | aumsusims Wsransiafd | vinesennaanng | fiimse.wsvaymsiafie 133401 | 1003374 | 354 | 20.8 | 84.0 | 50 | njuvw
8 | 50km | Unusnil navuauds | Jaun fliinse vusade 1408.12 | 1004939 | 217 | 521 | 701 | 50 | nyunw
9 | 70km | wszumseSeysen | vumsessen | Useady AuavN UMD 142120 | 10034.07 | 183 | 66.6 | 64.0 | 5.0 9858
10 | 50km | wszuasAseEsen | uialng u4lns s e.undlng 141269 | 10029.88 | 176 | 51.0 | 864 | 5.0

11 | 80km | wssumseSossy | uaUsiiu Ui winlUsualde. u1adsiiu 142769 | 1003279 | 181 | 785 | 69.6 | 50

12 | 80km | wszumseSegsen | 213 K Hositinnise.nd 1427.06 | 10043.63 | 195 | 79.9 | 61.2 | 50

13 | 60km | wizuAsASOYSYT | NIULAU WUl 11930 @UNBD. AU 14 19.02 | 10024.31 | 168 | 642 | 734 | 50

14 | 70km | wizuAsAIRESET | Uy U9 maith fnse.u1ethe 14 19.38 | 10018.07 | 158 | 682 | 817 | 5.0

15 | 80km | aswys AL NUBIUA VIUBILA PA TUALNDI0.UDIA 14 24.12 | 100 54.88 | 210 825 | 64.2| 5.0

16 | 80km | a&szys INTUA INTUA Frafiiinnse Ivsuns 14 20.74 | 100 59.39 | 217 816 | 626 | 50

17 | 70km | 98y3 VWA WaugY veUTEYNs13 TIAsI.Y TN 1316.98 | 1005551 | 322 669 | 752| 50 | nyuvnw

1y
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ganadaudygyInlutnmaasmadaun sy ninsviailussuuainea(sa)

18 | 60km | %¥ay3 Wiayay3 ARDINNT PTTWNIUVIVINGIIU 21 132325 | 10059.28 | 311 63.2 | 754 | 5.0

19 | 90km | ways .0l Uuds Huvmnvuesie 1314.15 | 101 13.30 | 309 935 | 63.0 | 5.0 Uuds

20 90 km ‘Ualﬁ Ul NUBIYIN WUNDUY 344/349 U AUBDIYIN 13 17.33 | 101 10.50 | 308 85.9 | 63.0 | 50

21 100 km %a‘tﬁ' UNRTYY wuesailva aneun iuesUanlua 1259.20 | 100 56.84 | 334 96.0 | 70.7 | 5.0

22 | 80km | ways . watay nifailay Wi swniaday 132753 | 101 10.63 | 296 759 | 625 | 50 | wiladau

23 | 80km | way3 VUATIN A3 AENIULNITADYD.ATIIY 1310.43 | 100 55.55 | 328 76.8 | 763 | 5.0 | e (wean)

24 | 90 km | vay3 nuvaNate | v 55.uvauUNFINTIY 1304.82 | 100 54.76 | 333 85.6 | 78.2 | 5.0 | simen (waan)

25 90 km | asLTwNII NUUFITAY NUUFITAY Isuzu ARIANUNEIIAU 134544 | 101 2267 | 271 89.9 | 66.8 | 5.0

26 | 100 km | agien aundaig Aeendl finnse.aundoin 1339.06 | 1012638 | 278 97.7 1620 | 5.0

27 | 100 km | asunsn auLdeLun GUERALN AUEITERN.aMNTEI 1334.25 | 101 27.06 | 283 100.0 | 563 | 4.0

28 | 90km | Us73uy3 Uuasng UNNAN fivnIs oum. 1A 14 00.31 | 101 17.05 | 251 850 | 643 | 5.0

29 | 100 km | Us73uys Asulvian lantu 0.A51 a0 Us3uys 135213 | 101 25.00 | 263 954 | 63.0 | 5.0

30 | 90km | Us73uus Asulvian Ingziden fhnseun livziden 135547 | 1012252 | 256 921|615 | 50

31 | 90km | uAswIEN NUUATUIEN | UATWIEN fnsduneidiesunsuien 14 12.06 | 101 13.16 | 236 88.5 | 60.6 | 50| uATWIEN

32 | 90km | uAswIEn nuuaswIen | Mg ANAINANIINIAUATUIN 14 12.67 | 101 12.28 | 235 87.8 | 58.6 | 50| uAswIEN

33 | 90km | uAsuwEn nuuasuen | Uulug w1 3.Aames 141258 | 101 13.16 | 236 89.0 | 613 | 50| umAsWwIEN

3¢ | 90km | uAswIEN nLuaswien | Janselan 1nd aun.danselay 1411.20 | 101 12.42 | 237 865|622 | 50| umAswENn
AlauazunuALIuN1In T IRdyamLlAsINITARBITEUUNTTUd suralnsimineiuivlussuuitnes lo




ganadaudygyInlutnmaasmadaun sy ninsviailussuuainea(sa)

35 | 90 km UATWIEN VU UATUIEN Wyl Mad1oUn WIRUE 141387 | 1010993 | 232 | 858 | 583 | 50 | uAswiEn
36 | 90 km UATWIEN WosuATuIen NS 1nd aum.1 T 141538 | 10114.16 | 234 | 935 | 547 | 4.0 | uAswIEn
37 | 90 km UATUIYN WeasuATUIen FIUN fivhns sun.AFuI 141272 | 1011630 | 238 939 | 586 | 5.0
38 | 100 km UATUILN \insuasuIen a13m fivhns eun.asn 141537 | 101 16.03 | 235 | 962 | 569 | 5.0
39 | 90 km UATUIYN Urnwa LN fimssunauinnd 14 09.78 | 101 16.13 | 241 90.7 | 673 | 5.0
40 | 90 km UATUIEN Unna e lng et sunnzing 14 09.18 | 101 14.03 | 240 870 | 648 | 50
41 | 100 km UATUIYN Unna lAnnsIn fivhns eunlannsn 14 11.06 | 1011886 | 241 96.2 | 50.8 | 4.0
42 | 90 km UATUEN Unwa Unng fivhns aun dhnwd 140884 | 1011640 | 242 | 903 | 652 | 50
43 | 100 km UATUIBN Urnwa NUDILES fivhins euR.MLBLAY 1411.98 | 1011839 | 240 96.3 | 634 | 5.0
44 | 80 km UATUEN U U fivhnnseun. U1y 14 1797 | 1010440 | 224 83.5 543 | 4.0
45 | 90 km UATUIYN Yruun Y aonflewsfon iy 142205 | 1010551 | 222 | 905 | 556 | 4.0
46 | 90 km UATUIYN Uruun FANZON AU T1.MEDURN.ATNZDN 1419.45 | 10106.05 | 224 | 876 | 575 | 50
ar 60 km UATUIEN 29A3NY NINYYA fivhnns BUR.NIYYA 14 08.32 100 59.39 229 64.5 78.8 | 5.0
48 | 50 km UATWIBN 29A3NY NI2019158 fivhnnseun. wsze1ansd 1358.12 | 10057.88 | 243 516 | 826 | 5.0
49 | 100 km 313 901 01T fimse.souda 133721 | 993552 | 82 | 1000 | 67.6 | 50
50 | 70 km 33 .Ul tulds First auninase.Uulls 1349.41 | 995336 | 97 707 | 69.8 | 50 | nyunwy
51 | 70km 33 n Ins13 Ins157u wenbudnfiuagain 134231 | 995361 | 86 700 | 635 | 50 | Iwg1yw

1y
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yanedavagInludinisaasmegaunsadyainsiadlussuuainea(se)

52 | 90 km Y3 Unvie UM AT.NALYNTIULUT? 132043 | 99 50.15 60 889 |658| 5.0
53 | 80 km 393 tlIGN tlIGN madfiimssuneinmag 1327.20 | 99 53.15 65 782 | 588 5.0
54 | 90 km NRYAUYI g alandvily anlsaFeuthuglanavily 140155 | 994573 | 110 | 89.1 |54.7| 4.0
55 | 90 km NYIUYI Wil Faran auulsaussuianueade 1357.83 | 994164 | 105 | 942 |545] 50
56 | 100 km NYIUY3 W3l NUBINNEN A1AUTEYVIVUR. NUBIRINEN 1347.40 | 993432 | 93 | 1050 |59.9 | 50
57 | >100 km N1YAUYI RN w1tlos Evergreen Hill Golf Club 1349.54 | 99 28.39 95 115.0 | 56.4 | 4.0
58 | 100 km NRYIUYI WUUNIY WUNNIY 119 TN.0.NULNIY 1407.37 | 994124 | 115 | 101.0 | 625 5.0
59 | 100 km NRYIUYI WUUNIY Wang TIUARIALYA B.NUNNIY 141552 | 9949.49 | 127 | 954 |53.2| 4.0
60 | >100 km NRYIUYI Pt wuadls aun. el 1347.77 | 992559 | 93 | 121.0 | 574 5.0
61 | 90km ANTIUYS Sosgmssa | aeulndves 1nd fivin1seun. aeulndves 142532 | 1000223 | 144 | 919 |[623 | 50
62 | 100 km ANTIUYI WIRIgNTINYS UM s aum. U 142734 | 10000.73 | 144 | 96.1 |[584 | 50
63 | 90 km ANTTNUT ueUandh velandh ausmevIauIsah 142414 | 1000819 | 149 | 843 |554 | 50
64 | 90 km ANTIUYS ueanih Fodudu fivmsoun Tabuu 142344 | 1000199 | 143 | 89.3 | 604 | 50
65 | 80 km ANTIUYS uelandh Faluad fivihns oun Seluad 1420.10 | 10003.78 | 142 | 825 |622| 4.0
66 | 80 km ANTIOIY3 vyl d0fitios aosiitiog i inse aosiitieg 141341 | 1000127 | 134 | 765 |662| 50 | nyuwwe
67 | 60 km ANTINYI aosiitiog UNANDT a0 IsuemLas 1409.43 | 1000790 | 136 | 628 |69.8 | 5.0
68 | 80 km ANTTNUT aosiitos NUBIUD s oum musUe 141292 | 995545 | 128 | 839 |60.6 | 50
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69 | 80 km LEEAVE ansiitos UoaNIIO Ind fivhnsoun Usawssa 140800 | 995378 | 122 | 812 |603| 50

70 | 100 km ANTIUYI PR PR 791M5 0.9ve3a. aNITUL3 142250 | 995355 | 135 | 981 |[57.0] 50

71 | 90 km ANTIUY3 PLLGY aszenglay anloundivsuaasvenslay 1416.67 | 995404 | 131 | 902 |56.7 | 50

72 | 90 km qNIIUYI gvas Urupau i3 aus. thumey 141877 | 995619 | 134 | 899 |603 | 5.0

73 | 90 km qNITUYI a9 ganzany Indaontloundiesuadangats | 141957 | 995445 | 133 | 932 | 537 | 4.0

74 | 100 km ANTIUYS gvos AOUM s ous. oA 142852 | 995644 | 141 | 103.0 |50.7 | 4.0

75 | 50 km uAsUgY nuuAsUgY NyzUgULang Big C ludullote. e 134874 | 10004.55 | 98 50.6 | 79.8 | 50 | nguvw
76 | <50km UATUTH uATTYAT Ygnin 5.n@nslve ouu # 4 upsders | 1349.95 | 1001053 | 95 39.6 | 824 5.0

77 | <50km uAsUgY NUATLINT I AN n33.U1830851599 1343.86 | 1001299 | 86 351 |81.6| 50 | nyuvnwm
78 | 50 km dynIanns ruuri Uruui wih 5.1flensinYns 133565 | 1000625 | 70 | 504 |815| 50 | nyunwe
79 | 70km AUNTARNTIY |y aymsasesy winaeq AUYIIUNITAAYNTAATIY 13 24.69 | 10000.07 | 57 69.6 | 634 | 50 | aynsasnsy
80 | 70km AYNTEAIATIY BUNN BUNN fmssunesimn 132535 | 995733 | 60 732 | 653 | 5.0
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a1au Jwmdn I1UIUIA NEN/AUUIN

1 . 5

2 VYT 5

3 NYIUY3 7

a4 UATUZN 3 1/25
5 a3n3U31n13 2

6 AUNIAAT 1

7 AUNTAINTIY 2

8 WITUATATOYTEN 6

9 GEAE 2

10 fjws;m‘q%‘ 14 7%
11 | Unusnil 1

12 | ¥ays 8

13 | asl@ann 3

14 | Usaugs 3 332
15 | uaswen 18

a1y Sasl (Alawuns) I1UIUYA

1 Weni1 50 9

2 50 5

3 60 4

4 70 7

5 80 12

6 90 27

7 100 14

8 1nN31 100 2
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KUUFIEIIUNANITNAFBUN TS U RYRY U
ludnwaue Fixed Outdoor (Test A.1) « o

AN NENY.

a o

0. A0UNIAFYYIULUY Line-of-Sight

0.0 AU AUA LY/ 81L09 L9/ 9%
Latitude Longitude (luniaY degree minute second)
Toyaanmwindeu 019 Mlae ies Angs yuwy Aaee wiauswazBeaLaziUUAINaY (§13)]

0. ANNMTBINTSUdYIUNITImisEUUATnea (=1 - Olvirzuuy ) (naaeulavendy PLPO)
o.& ANULIENINTN TRl E = dBpV/m
o o o v .:4' v Ao vy
©.& MAWodY U NI AT UNIALAP,, = dBm
0.5 MAWAAVIFYYINVNTNATOITUIAENTNAFBULUY ESRS Py, 1= dBm (na@eulneaide PLPO)
@.09 Margin of Threshold = dB (A9 Py= Py i)

. @a1unindaysy1aiuu NonLine-of-Sight

©.0 A0 AUR WYY/ 8L LR/ 9
Latitude Longitude (luniaY degree minute second)

bl dnunizreIIMIiethueu (017 Anunathulimadlédiuieensyel

o.o Toyaanmuwandensnd Alas Wes Aings vuvu Aaes niouswaziBonuazuuua Y (i)

b.e AUAMTBINTTUdYIsmlssuLUATnea (%1 - Olviazuuu ) (Meaeulaga1de PLPO)

b.& AuLssaualiiele £ = dBuV/m

b.o MdwedyyadaiosuitaldP, = dBm

.o ﬁﬂa”w?ﬂqmsuaaé’zyqnmmLfi’hm%ﬁdmamﬁwmaamwu ESR5 Pimn= ____ dBm (naaeulasende PLPO)
.c Margin of Threshold = dB (A1910 P,— Py, i)

1%

@ *FAUAINYDINITIY
a6 7594 = | Y,
e E 0 - lanusasud

1 - annsasudaanalad;

deumanea
yauldl

o

ho)

10 w5

Measurement
Receiver

Sarh Py ® -

oA Puyin {377 ESRS)
Amnn Margin of Thireshold
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KUUFIEIIUNANITNAFBUN TS U RYRY U
Tudnweauz Portable Indoor (Test A.2)

Junduin / /
AN1NU NANY.
0. @nuNindyyin
©.0 &UN AU WY/ 2ND LR/ JIAIR
Latitude Longitude (luniaY degree minute second)

.o Tayaanimiindenlagseusimsvzet ey (017 Nlas e fAngs Yuvu Aaes niousgazidunlazuuun ey (Ei)

]

b.o ANAMIBINTTUTYsTIAlsEUUATInea N3l PLPO

. MIINFYYIUUTIAUNIBUINDIATT

oo AULAULINATATAL E, e = dBuV/m

©.o ASVDIFYYIUVNTWATBIFUNTAP,, ordoor =
b.e MEWFAveIdY 1IN IINATOITUIAENITNAGBULUY ESRS

.¢ Margin of Threshold nsel PLPO = dB waznsl PLP1 =

nsal PLP1 (**1 - Olvimz LUy )
dBm
N3l PLPO Py, = dBm
n38 PLP1 Py in= dBm

dB

(A9 Pp= Py, rmin)

o, N3IdyIunelueInTil o

.0 USLIUNINAN91DY oo USLIUYNAU I oUEATS en.en USLIUNANAINMLINUI DNRTANS
ANTNTDY ATV (50 Ik AAINYDY ATV 5o inguuw | ANAINYDY ATV (+5-0 T4
ALY AMAMYBI DTV PLPO _ PLP1_ | Aguuw)
AMAMYBI DTVPLPO  PLP1 | E = dBuV/m  Py= dBm | AmAWYes DTVPLPO  PLP1
E= dBuvV/m Py,= dBm E= dBuV/m  Py,= dBm
PLPOP, i = dBm|Margin=
PLPOP = dBm |Margin=
Mutuniers *AUNMVDINITTUd Y IO AON
I J 0 - lagunsasudnnalaiae
o1 E, P; vey
Tt E, P i To1 E, P v o v Y
_ ’ 6T Planin 1 - Sudggaladudiedu
uiliie @ @ @ oY .
Ve 2 - Sudgaalmdutagenn
] 3 - Sudggalauaninlinudn

Measurement €
O e E Receiver 3
X —fn
AITUINDIATE muatuaians @ Eﬁ}
IA Eqpdnor Jad Py,
LR Hl,ﬂ.-kw Yoen Ph\,min (ﬂﬂ ES'RS)

A Margin of Threshold
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graulauaznImALTANIN

4 -3v
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€
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iy
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**AUANYBINNTIUF Y IUAINER
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o. UsznA namv. 139 Lqummﬁ%wqﬁm%’uﬁﬁlmﬂmﬁﬁﬁnWﬂﬁ’uaﬂuizwﬁ%maa

. Choice of the DVB-T2 system variant v1.1, 3 January 2013 (Jan Doeven, NBTC-ITU
project)

o. Source coding and multiplex composition v1.1, 3January 2013 (Jan Doeven, NBTC-ITU
project)

& LBNATATINITVAaRILNIAINBBNDINAlNYIAllUssUURTRNOADVB-T2 (aaniinglnsvial
NBIYINUN)

&. EBU Tech 3348 (May, 2012): Frequency and Network Planning Aspects of DVB-T2
ETSI TR 101 290 V1.2.1 (2001-05): Digital Video Broadcasting (DVB); Measurement

guidelines for DVB systems
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IAssnsnTdindygranulasinmaassuninmesnsnAlnyirdluszuuAlInea DVB-T2
WhuszasAvesnmaasinie

mimaamuwmsiuma@ yradvglvsvimiluszuuidneautisandy o sz
52057 o MIVAABULDEUSULAZNANINTITWBSYRISEUU DVB-T2 fvansaudwsuusemelng Tng

D—e

Wszasdvesszesil o difail
o. NadeuINTRwesitelrlduiinseunquinniian (Maximum Coverage)
b. aaeurnTiinediiielldAnuggega (Maximum Capacity)
o, nageumsdimediitelildnadnsfiiinisamuiiian (Misdseeneiniauazduuanidasing
udu)
sl manaapuinsiudsiinnuaenadestulsuieves nany. fil
o. @onndostulsEna nany. 309 unuanudingdmiuiansinsvimimanuiulussuuiinea
017 Hufinsouaqu svegvienaseaniil Mddseaneinie
sl mnUszmedinamiigassamameada aunsadavhdeiauouusiiouuusld
. deandosulovsimuslriuiluunmauadesaunsefudyanaludnuae portable indoor
g1
AALINNINAGDUTBIAMEYINUT 88371 o Wieanidu b Mvaaeu Ae
e. Minadaunssudygialludnuue Fixed Outdoor (Test A1) ﬁifmqﬂismﬁﬁamaauﬁuﬁ
ATOUARNUDIYEY 1MUY Fixed Outdoor Reception aeluiunusnisvesaniiiennsluven b
waziUFouiisuiiufiaseunquisvininsvimivousdenuasitnea
b. MInagsunsiudygaluanuuy Portable Indoor (Test A.2) ﬁi’mqﬂszaaﬁﬁamaauﬁuﬁ
ATOUARNUBNAYAIMLUY Portable Indoor Reception Uihnauvawauaiiiesdagneluun
Uinsvesanilonmslunen b wagdudunsiimesvesszuy DVB-T2 Geanunsalviuinisuuy
Portable Indoor g1
szeEil o MIvedeUloM A IgTIINzaNvesTaRinand wazdnaiteyaivnzanuestenens
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QU

i

WaN13A3IVIAETY LY 18 113 19 N.N.56
EFIEAYRN AL
N3IMA ANUFAU | AW
o o 4 o o . Power CH o
GREHT, anun Imia 81010 101NN Lat Long MWD | UBd NUBINS)
(dBuV) o
luven (STB) o
(NTawas) (%)
1| wihwminedesssumansgudseda Unusil | Aaveara 359 140740 | 100617 73.5 FAL 30
2 | anwimIrinegse DYTY 109 66.4 142106 | 1003549.2 61.4 FALIU 12
3| Ammssuneuailiu pyse1 | v1eiiu 783 1427454 | 1003249.7 39 AU 5
4 PINTINAYE 2 Fu@T i sITw) YT Periu 79.15 1426 50.9 | 10043 16.4 60 FALU 51
5 | manaduanuned a3%1)3 GMGN 81.27 1424028 | 1005348 40.7 FaLa 31
6 | U3EM Yanmar a3%1)3 TGN 92.53 143052.9 | 10053 47.6 54.7 FaLa 63
7 | amainios 2YTEN Jadoo 56.8 141405.6 | 1004320 52 Fn 50
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nsidauruszuudedayanor DVB-T2 aasadas 5

Block Diagram

CH3, CH7, MCOT,
NBT
(DVB-S, MPEG2)

Integrated
Receiver Decoder

Shaping
video data at

TPBS_SD,
TPBS_HD
(DVB-S2, MPEG4)

Encoder

SDI Router

CHS

A4

Yy

@ HD Playout
v

Tektronix
Video Quality
Monitoring

Integrated
Receiver
Decoder

Shaping total
data rate at 24
Mbps

DVB-T2
Transmitter

Source Video

1. fyanamwdiunileldainaiidan CH3, CH7, MCOT, NBT a1n DVB-S, MPEG2 & TPBS_SD way TPBS_HD ann DVB-S2, MPEG4

2. fyanatniwain CH5 ludaananseain Head end 1av 5
3. HD Playout t8uas931n video server

Encoder and Multiplexer
1. Aviusaassenis SD 6 Aav (CH3, CH5, CH7, MCOT, NBT, TPBS_SD) wag HD 2 aas (HD Playout, TPBS_HD)

. Mafiua Data rate & iudeyeynaun Video Aa SD (229 1-3 Mbps) HD (219 2 - 7 Mbps)
. usazAassansi Audio wuu Stereo fixasradidas Taadmualyi data rate 7 64 kbps luusazaidas
. inruan1s Traffic Shaping 7 Multiplexer TaaiaIuau Data Rate tawigdauaunan Video 59U 22.5 Mbps

. iMnua Traffic Shaping Mdaane (Gnlunan) AautnieiasdyinaaiuAn Data Rate sIuVsnua7 24 Mbps
nan1sandindyaadnsiaunaiaiuiulussuuAinea
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Wan1sasIadau (nziayalu TAB Auilsznau)
. Data Rate Mia'lduasdeyeyron Video 533'lsitin 22.5 Mbps uay yaunausin (Video + Audio) ag'litiu 23.6 Mbps luieauaaginarin (One Hour, One Day, One Week)

% a

. faya data rate 2a9 EPG atjilszana 300 kbps ustilutianauuvuasniedolifizayaindastazan sasvinnisasiagaudnasaialiuilaindlasudu EPG uara'litiu 24 Mbps

. Aadauasdad HD agilsvana 5.2 Mbps auiu'léinzas HD finsiiudaigean Data rate leasinninvlszananisannaisaiuiaii 6 Mbps

'
= o

. Aaduuasrad SD agiszana 2.3 Mbps agiu'lsindas SD fimsfiudaiisininfiszunanisly da ‘6 Data rate ganitn1sAtuiaid 1.7 Mbps

. @1 Data rate Mlazanaaaviutayanisiudn GOP Length dv SD azfidiads GOP Length #iszanes 24.7 fps (Golnadesdu Frame Rate 25 fps) doiflumsfudasedung

. @1 Data rate fiu GOP Length 229 HD agfidn GOP Length 7iszunes 29 - 32 fps dogunin Frame rate 7 25 fps iluditsuanfenmsiudarigoninung

. A5 monitor AAAIWLAINAAAITILLYL QOE uaz eMOS nafanmwillafiinaniwinaanionan

. anda 3, 4 fianuiulegent algorithm uas Encoder + Multiplexer finsfiuda HD ‘lsiunnSesi Bandwidth tm&awnnTae SD azvinamsfiudatanag A1 data rate Sogenindszanainns

. WiaWgala 8 sunsanazauauNfsIuldzasmfa

9.1 vinmsuRndas SD wWindudauiletauads monitor AauaIwawuas SD HD wag Data rate Afinmsildauuilastl

9.2 lainwudad 6SD 2HD wiffauldiu usivinnsan traffic shaping ¥ Mulitplexer a1n 22.5 Mbps flu 21 Mbps wag monitor AsiAIWANWEaY SD HD wag Data rate Mfinsildsuuilasty
10. wadwganavinasda 9 auiflurayalsuanitszuuded Bandwidth wida Asunsasassutanainnduladnvia’li uay winle

© 00 N O O A WDN P

o
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Data rate statistics of all channels in one hour, one day and one week duration

One Hour One Day One Week
e Channel . . . . . Total bit rate . . . Total bit rate . . . . . . Total bit rate
Av. Video bitrate |Av. Audiol bitrate f"\"- Audio2 (Mbps) - _Av. Video Av. Audiol Av. Audio2 (Mbps) - Av. Video bitrate | Av. Audiol bitrate | Av. Audio2 bitrate (Mbps) -
(Mbps) (kbps) bitrate (kbps) Video+Audio bitrate (Mbps) bitrate (kbps) bitrate (kbps) Video+Audio (Mbps) (kbps) (kbps) Video+Audio
1 CH.3 2.001 67.979 67.77 2.137 2.177 68.026 67.827 2.313 2.24 68.004 67.878 2.376
(1.183, 2.954) (67.678, 68.323) |(67.612, 67.911) (0.99, 3) (67.626, 69.224)|(67.498, 70.114) (0.99, 3) (37.615, 70.631) (67.498, 70.373)
2 CH.5 2.252 68.148 70.495 2.391 2.339 68.146 70.082 2.477 2.324 67.35 69.14 2.460
(1.007, 2.938) (67.8, 70.086) (70.488, 70.5) (0.99, 3) (67.420, 70.387)| (66.724, 70.673) (0.99, 3) (0, 70.495) (0, 71.017)
3 CH.7 2.684 68.473 68.495 2.821 2.332 68.228 68.224 2.468 2.188 68.393 68.392 2.325
(0.999, 2.999) (67.835, 69.338) |(67.757, 69.209) (0.99, 3) (67.551, 70.359)|(67.601, 69.689) (0.99, 3) (66.737, 70.702) (66.737, 70.499)
4 MCOT 1.748 67.975 68.055 1.884 2.078 67.752 67.783 2.214 2.155 68.011 68.032 2.291
(0.999, 2.769) (67.592, 69.028) |(67.654, 69.028) (0, 3) (0, 69.028) (0, 69.028) (0, 3) (0, 70.673) (0, 70.702)
5 NBT 2.469 67.765 67.783 2.605 1.986 67.721 67.721 2.121 2.013 67.845 67.848 2.149
(0.999, 3) (67.570, 68.495) |(67.613, 68.478) 0, 3) (0, 68.546) (0, 68.572) 0, 3) (0, 68.787) (0, 68.751)
6 TPBS_SD 1.523 68.28 68.337 1.660 1.512 68.164 68.162 1.648 1.525 68.202 68.294 1.661
(1.006, 2.999) (67.748, 70.5) (67.845, 70.5) (0, 3) (0, 70.702) (0, 70.5) (0, 3) (0, 70.702) (0, 70.702)
7 HD Playout 4.738 67.903 69.026 4.875 5.011 67.861 68.994 5.148 5.045 68.048 70.271 5.183
(2, 6.843) (67.714, 68.255) |(69.019, 69.031) (0, 6.999) (0, 68.581) (0, 70.499) 0,7 (0,70.744) (0, 70.501)
8 TPBS_HD 5.077 68.34 68.353 5.214 5.052 68.352 68.355 5.189 5.008 68.353 68.356 5.145
(2, 6.999) (67.817, 70.498) | (67.775, 70.498) 2,7) (67.576, 70.499) | (67.542, 70.673) (3,7) (67.338, 70.688) (67.465, 70.688)
Total Bit rate 22.492 544.863 548.314 23.585 22.487 544.250 547.148 23.578 22.498 544.206 548.211 23.590

Note Total video bit rate shaping at 22.5 Mbps
Total bit rate shaping at 24 Mbps
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Video Quality Statistics of all channel in one hour, one day and one week duration

One Hour
No. Channel min_video_qualit|average_video_q| max_video_quali| min_perceptual_ 3\;Ier3%ee_ope;5:ﬁ: max_perceptual_ min_g((l)_rc))v\ll Sty average_gop_len max_gop_length discontinuity_co
y uality ty video_quality - » - video_quality Compression) gth (High Compression) unt
1 CH.3 76 91.9023 93 4.150 4.2103 4.35 8 24.820 68
2 CH.5 64 92.6475 94 4.250 4.2798 4.45 8 24.810 64
3 CH.7 81 92.9378 93 4.050 4.2705 4.55 8 25.060 68 11
4 MCOT 66 93.3053 96 4.200 4.3184 4.65 8 24.420 60 12
5 NBT 76 92.8855 96 4.250 4.2794 4.95 6 24.660 68 10
6 TPBS_SD 42 92.768 96 4.250 4.3035 4.6 8 24.450 64 13
7 HD Playout 61 92.1581 97 4.200 4.2475 4.45 8 31.040 48 16
8 TPBS_HD 58 93.1833 100 4.100 4.347 5 8 32.340 48 18
One Day
No. Channel min_video_qualit|average_video_g | max_video_quali| min_perceptual_ 3\;?3%9‘9—0%;32?: max_perceptual_ min_g(?_;c));\ll ength average_gop_len max_gop_length discontinuity_co
y uality ty video_quality - y - video_quality Compression) gth (High Compression) unt
1 CH.3 76 92.3289 96 3.300 4.2385 5 4 24.660 68 15
2 CH.5 78 92.8269 96 3.400 4.2759 4.7 6 24.820 72 8
3 CH.7 56 92.7752 97 2.650 4.2679 4.8 6 24.760 68 17
4 MCOT 0 92.3587 97 3.450 4.256 6 24.570 68 12
5 NBT 92.7161 96 3.950 4.2834 4.95 2 24.680 68 15
6 TPBS_SD 92.3305 100 3.050 4.2967 1 24.700 68 21
7 HD Playout 0 92.2857 100 3.650 4.2409 7 29.370 48 23
8 TPBS_HD 53 92.7466 100 3.100 4.2739 8 32.480 48 20
One Week
No. Channel min_video_qualit|average_video_q| max_video_quali| min_perceptual_ 3\;?3%2—0‘):33;: max_perceptual_ min_g(cly_zg\ll g average_gop_len max_gop_length discontinuity_co
y uality ty video_quality - . - video_quality G, gth (High Compression) unt
1 CH.3 74 92.343 97 0.000 4.2377 5 4 24.720 68 16
2 CH.5 78 92.8432 97 3.100 4.2797 5) 4 24.760 72 8
3 CH.7 56 93.2891 100 0.000 4.3209 5 4 24.680 72 17
4 MCOT 92.4582 100 1.200 4.2504 5 6 24.630 72 17
5 NBT 92.8529 100 3.150 4.2787 5 2 24.770 72 19
6 TPBS_SD 91.9839 100 2.600 4.2936 5 1 24.730 72 36
7 HD Playout 0 92.3448 100 3.450 4.2405 5 7 29.430 74 28
8 TPBS _HD 53 92.7421 100 2.500 4.2732 5 8 32.500 48 20
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# Tektror One Hour Statistics Report

port_ port_ [transport_n |program_n [program_ primary_video_ |average_video_ [max_video_ |min_video_ |primary_audio_pi |average_audio_

number |name |umber umber name pid_number quality quality quality d_number quality
0[Port O 1 1|CH.3 513 91.9023 93 76 769 100
0[Port 0 1 2|CH.5 514 92.6475 94 64 771 99.9604
0[Port O 1 3|CH.7 515 92.9378 93 81 773 100
O[Port O 1 4[{MCOT 516 93.3053 96 66 775 99.9657
O[Port O 1 5|NBT 517 92.8855 96 76 777 100
O[Port O 1 6/TPBS SD 518 92.768 96 42 779 99.827
0[Port 0 1 7|HD Playout 519 92.1581 97 61 781 100
O[Port O 1 8|TPBS_HD 520 93.1833 100 58 783 100

# Tektror One Day Statistics Report

port_ port  [transport _n |program_n [program_ primary_video_ |average video [max video_ |min_video [primary_audio_pi |average_audio_

number |name |umber umber name pid_number quality quality quality d_number quality
0[Port 0 1 1|CH.3 513 92.3289 96 76 769 99.9946
0[Port 0 1 2|CH.5 514 92.8269 96 78 771 100
0[Port 0 1 3|CH.7 515 92.7752 97 56 773 100
O[Port O 1 4[{MCOT 516 92.3587 97 0 775 99.8091
O|Port O 1 5|NBT 517 92.7161 96 0 777 99.8134
O[Port O 1 6/TPBS SD 518 92.3305 100 0 779 99.8247
0[Port 0 1 7|HD Playout 519 92.2857 100 0 781 99.9018
O[Port O 1 8|TPBS_HD 520 92.7466 100 53 783 99.9978

# Tektror One Week Statistics Report

port_nu |port_n [transport_n |program_n |program_nam |primary_video  [average_video |max_video_ [min_video_ |primary_audio_pi |average_audio_

mber ame  |(umber umber e pid_number quality quality quality d_number quality
0[Port 0 1 1|CH.3 513 92.343 97 74 769 99.9963
0[Port O 1 2|CH.5 514 92.8432 97 78 771 98.851
0[Port 0 1 3|CH.7 515 93.2891 100 56 773 100
0[Port 0 1 4({MCOT 516 92.4582 100 0 775 99.9646
O[Port O 1 5|NBT 517 92.8529 100 0 777 99.9651
O[Port 0 1 6/TPBS SD 518 91.9839 100 0 779 99.9185
0[Port O 1 7|HD Playout 519 92.3448 100 0 781 99.978
O[Port O 1 8|TPBS_HD 520 92.7421 100 53 783 99.9997
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program_ max_audio_  |min_audio_q |average_ max_volume |min_volume |average_ discontinuity [min_gop_leng
name quality uality volume_level | _level _level dialnorm |average_bitrate (bps) |_count th

CH.3 100 100 -24.252 -18.7468 -40.2262 2,129,484.686 9 8
CH.5 100 92 -23.6251 -19.4 -32.6204 2,428,252.996 8 8
CH.7 100 100 -22.4649 -15.5242 -34.5646 2,805,135.495 11 8
MCOT 100 92 -20.9845 -13.8386| -140.9774 1,823,858.114 12 8
NBT 100 100 -27.223 -23.4419 -140.988 2,527,819.322 10 6
TPBS SD 100 90 -26.106 -20.2045| -140.9834 1,702,981.011 13 8
HD Playout 100 100 -20.8161 -13.4691| -140.6814 4,898,092.879 16 8
TPBS HD 100 100 -25.9967 -19.6522| -140.9893 5,259,634.854 18 8
program_ max_audio_qu |min_audio_g |average_ max_volume |min_volume |average_ discontinuity [min_gop_leng
name ality uality volume_level |_level _level dialnorm [average_ bitrate (bps) |_count th

CH.3 100 90 -22.9431 -14.7862 -43.9757 2,315,956.419 15 4
CH.5 100 100 -24.4248 -17.9786 -83.4079 2,477,040.460 8 6
CH.7 100 100 -19.9334 -12.284 -82.0341 2,463,510.222 17 6
MCOT 100 0 -21.1885 -10.5347| -140.9774 2,213,162.964 12 6
NBT 100 0 -27.9714 -22.9454 -140.988 2,114,057.735 15 2
TPBS SD 100 0 -22.7935 -14.6743| -140.9834 1,650,132.032 21 1
HD Playout 100 0 -19.6069 -11.8383| -140.8164 5,157,450.738 23 7
TPBS HD 100 90 -22.8041 -14.7078| -140.9894 5,185,152.778 20 8

23,576,463.346

program_nam [max_audio_qu |min_audio_qg [average_volum|max_volume [min_volume [average discontinuity [min_gop_leng
e ality uality e_level _level _level dialnorm |average bitrate (bps) |_count th

CH.3 100 16 -21.9561 -12.1125| -140.9899 2,375,780.358 16 4
CH.5 100 0 -24.927 -16.8805| -140.9966 2,460,830.951 8 4
CH.7 100 100 -20.6234 -11.9838| -140.9896 2,324,580.028 17 4
MCOT 100 0 -21.0868 -9.2386( -140.9774 2,290,871.221 17 6
NBT 100 0 -27.6539 -22.3502|  -140.9923 2,147,603.732 19 2
TPBS SD 100 0 -24.5497 -13.1614| -140.9834 1,661,358.265 36 1
HD Playout 100 0 -19.5828 -11.8189 -141.068 5,183,509.660 28 7
TPBS_HD 100 90 -24.5554 -11.5252| -140.9894 5,144,009.653 20 8
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program_  |average _gop [max_gop |min_perceptual_ |average_perceptual |max_perceptual |availability |error_ closed_captio |distance from
name _length _length |video_quality video_quality video_quality percent seconds |n_percent __dialnorm
CH.3 24.82 68 4.15 4.2103 4.35 100 0 0

CH.5 24.81 64 4.25 4.2798 4.45 100 0 0

CH.7 25.06 68 4.05 4.2705 4.55 100 0 0

MCOT 24.42 60 4.2 4.3184 4.65 100 0 0

NBT 24.66 68 4.25 4.2794 4.95 100 0 0

TPBS SD 24.45 64 4.25 4.3035 4.6 100 0 0

HD Playout 31.04 48 4.2 4.2475 4.45 100 0 0

TPBS HD 32.34 48 4.1 4.347 5 100 0 0

program_  |average _gop [max_gop |min_perceptual_ |average_perceptual |max_perceptual |availability |error_ caption_ distance_from
name _length _length |video_quality video_quality video_quality percent seconds |percent __dialnorm
CH.3 24.66 68 3.3 4.2385 5 100 0 0

CH.5 24.82 72 3.4 4.2759 4.7 100 0 0

CH.7 24.76 68 2.65 4.2679 4.8 100 0 0

MCOT 24.57 68 3.45 4.256 5 100 0 0

NBT 24.68 68 3.95 4.2834 4.95 100 0 0

TPBS SD 24.7 68 3.05 4.2967 5 100 0 0

HD Playout 29.37 48 3.65 4.2409 5 100 0 0

TPBS HD 32.48 48 3.1 4.2739 5 100 0 0

program_na [average_gop [max_gop |min_perceptual_ |average_perceptual_ |max_perceptual_ [availability_ |error_sec |closed_captio [distance_from
me _length _length |video_quality video_quality video_quality percent onds n_percent _dialnorm
CH.3 24.72 68 0 4.2377 5 100 0 0

CH.5 24.76 72 3.1 4.2797 5 100 0 0

CH.7 24.68 72 0 4.3209 5 100 0 0

MCOT 24.63 72 1.2 4.2504 5 100 0 0

NBT 24.77 72 3.15 4.2787 5 100 0 0

TPBS SD 24.73 72 2.6 4.2936 5 100 0 0

HD Playout 29.43 74 3.45 4.2405 5 100 0 0

TPBS HD 32.5 48 2.5 4.2732 5 100 0 0
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program_ |audio_pid || number_Jaudio_pid_lang |avg_volume_Ivl |[max_volume_| [min_volume|avg_dialnorm [dist_from_dialnorm_

name ang 2nd _2nd _2nd vl_2nd _Ivl_2nd _2nd 2nd Sentry_name
CH.3 770 -21.5589 -18.1045 -27.3402 sentry201.msi.local
CH.5 772 -99.0066 -92.185 -140.964 sentry201.msi.local
CH.7 774 -21.3149 -13.9825 -34.6404 sentry201.msi.local
MCOT 776 -23.7592 -15.1551| -140.9854 sentry201.msi.local
NBT 778 -27.3288 -23.5664| -140.9883 sentry201.msi.local
TPBS SD 780 -27.1554 -19.5607| -140.9822 sentry201.msi.local
HD Playout 782 -140.9897 -140.9897| -140.9897 sentry201.msi.local
TPBS HD 784 -27.3646 -20.4533| -140.9897 sentry201.msi.local
program_ |audio_pid_I|_number_|audio_pid_lang |avg_volume_lvl {[max_volume_| |min_volume |avg_dialnorm |dist_from_dialnorm_

name ang 2nd _2nd _2nd vl_2nd _Ivl_2nd _2nd 2nd Sentry_name
CH.3 770 -21.673 -17.5039| -140.9836 sentry201.msi.local
CH.5 772 -33.105 -18.7532 -140.967 sentry201.msi.local
CH.7 774 -18.8185 -11.1836 -80.5889 sentry201.msi.local
MCOT 776 -21.4969 -10.7712| -140.9854 sentry201.msi.local
NBT 778 -27.9654 -22.8705| -140.9883 sentry201.msi.local
TPBS SD 780 -22.8955 -13.3258| -140.9822 sentry201.msi.local
HD Playout 782 -140.9897 -140.9897| -140.9897 sentry201.msi.local
TPBS HD 784 -22.8777 -14.6441| -140.9897 sentry201.msi.local
program_na |audio_pid_|| _number_Jaudio_pid_lang |avg_volume_Ivl |max_volume_| [min_volume|avg_dialnorm [dist_from_dialnorm_

me ang 2nd _2nd _2nd vl_2nd _Ivl_2nd _2nd 2nd Sentry_name
CH.3 770 -21.6457 -17.0047| -140.9874 sentry201.msi.local
CH.5 772 -32.5096 -18.6171| -140.9845 sentry201.msi.local
CH.7 774 -19.533 -10.9275 -140.99 sentry201.msi.local
MCOT 776 -22.2996 -10.6899| -140.9854 sentry201.msi.local
NBT 778 -27.6591 -22.08| -140.9892 sentry201.msi.local
TPBS SD 780 -24.4958 -13.3258| -140.9822 sentry201.msi.local
HD Playout 782 -140.9897 -140.9897| -140.9897 sentry201.msi.local
TPBS_HD 784 -24.4971 -13.8082| -140.9897 sentry201.msi.local
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program_ rpt_start_date_y rpt_end_date CSV_
name yyymmdd rpt_start_time |yyyymmdd rpt_end_time [version
CH.3 20130312(13:59:47+07 20130312(14:59:47+07 2
CH.5 20130312{13:59:47+07 20130312{14:59:47+07 2
CH.7 20130312(13:59:47+07 20130312(14:59:47+07 2
MCOT 20130312(13:59:47+07 20130312(14:59:47+07 2
NBT 20130312(13:59:47+07 20130312(14:59:47+07 2
TPBS SD 20130312{13:59:47+07 20130312(14:59:47+07 2
HD Playout 20130312(13:59:47+07 20130312(14:59:47+07 2
TPBS HD 20130312(13:59:47+07 20130312(14:59:47+07 2
program_ rpt_start_date_y rpt_end_date CSV_versio
name yyymmdd rpt_start_time |yyyymmdd rpt_end_time [n
CH.3 20130311{14:00:00+07 20130312(14:43:33+07 2
CH.5 20130311{14:00:00+07 20130312(14:43:33+07 2
CH.7 20130311{14:00:00+07 20130312(14:43:33+07 2
MCOT 20130311{14:00:00+07 20130312(14:43:33+07 2
NBT 20130311{14:00:00+07 20130312(14:43:33+07 2
TPBS SD 20130311{14:00:00+07 20130312(14:43:33+07 2
HD Playout 20130311{14:00:00+07 20130312(14:43:33+07 2
TPBS HD 20130311{14:00:00+07 20130312(14:43:33+07 2
rpt_start_date_y rpt_end_date CSV_versio
program_name [yyymmdd rpt_start_time |yyyymmdd rpt_end_time |n
CH.3 20130305{14:00:00+07 20130312{14:39:45+07 2
CH.5 20130305{14:00:00+07 20130312(14:39:45+07 2
CH.7 20130305{14:00:00+07 20130312(14:39:45+07 2
MCOT 20130305{14:00:00+07 20130312(14:39:45+07 2
NBT 20130305{14:00:00+07 20130312{14:39:45+07 2
TPBS SD 20130305{14:00:00+07 20130312(14:39:45+07 2
HD Playout 20130305{14:00:00+07 20130312{14:39:45+07 2
TPBS HD 20130305(14:00:00+07 20130312(14:39:45+07 2
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23 wNau 2556

ANTNARAIIUIIAKIUNN

Test 1 - MsTaAUAINAINLALTA Bit rate AselAtviua
Video shaping #%a Video Pooling ¥ 22.5 Mbps

Test 2 - n1su¥uLl&au Video Min Bit Rate

Test 3 - MITIaAUMINAINLAZTA Bit rate n3aiA1AUG
Video shaping #%a Video Pooling ¥ 21 Mbps

Test 4 - M3TaAMINAINLAETA Bit rate n3diA11AUG
Video shaping #%a Video Pooling ¥ 21.75 Mbps
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TATIRI1ITTUL

EPG

™

CH3, CH7, MCOT,

(DVB-S, MPEG2) Shaping video
Integrated SD Min-Max BW 1-3 Mbps data Shaping total
TPBS_SD, R (el HD Min-Max BW 2-7 Mbps (ie., 22.5, 21, data rate at 24
TPBS_HD 21.75 Mbps) Mbps

(DVB-$2, MPEG4)

Integrated
Receiver

—»L Encoder HMultiplexer]——O—»

Decoder
@ HD Playout
S

Tektronix
Video Quality
Monitoring

.

DVB-T2
Transmitter

SDI Router

CHS

v

Audemat
Monitoring

SOURCE VIDEO

fouananwdiunieldannandan CH3, CH7, MCOT, NBT an
DVB-S, MPEG2 & u TPBS SD uag TPBS_HD ann DVB-S2, MPEG4

Jeuanauniwann CH5 iludeueyreumsvann Head end 2das 5
HD Playout tauas9n video server

NUEILUG ﬁnjﬂﬂﬁﬂuuﬂaa Source video 1198 UKAYINNAITNARAL LAY
LSRN

Tunsnadau Test 3, 4 WuIn AauaIwuay TPBS_SD awdiflaynnéda
ATLHNUIN DAY WJlufl source ann DVB-S2 gotiudovina1sld Source
mﬂu TPBS_HD ann DVB-S2 unvinans Down converter T9iilu SD 7l
IRD fiaufiazilaudin Encoder wada ldaauawanwiis wazileymaiw
nsganuua 'l
a9 HD Playout Tu29ta1581in9 21.00 — 6.00 u. azildauunilas
content tflurasauraws HD wav TruevisionHD
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TEST 1 - MTIAAUMNNATNUARLIA BIT RATE NTlAUUA
VIDEO SHAPING #3a VIDEO POOLING 11 22.5 MBPS

ANTANKUUR video bit rate aua1519

CH

Min BW (Mbps)

Max BW (Mbps)

CH3

CH5

CH7

MCOT
NBT

TPBS_SD

HDPlayout

TPBS_HD

NN R R, R(R[(R[R

S Ss[jw o|w|Ww

Total

=
(=]

w
]

VDO Shaping

2D

ANUA audio stereo 2 AaILAe9 bandwidth davLde

Ny 64 kbps

TEST 1. Wan1Inaaay (BIT RATE)

One Week
No. Channel -
Av. Video bitrate | Av. Audiol bitrate | Av. Audio2 bitrate To(t:/:::)ts; a-te
L) (kbps) ) Video+Audio
1 CH.3 2.24 68.004 67.878 2.376
(0.99, 3) (37.615, 70.631) (67.498, 70.373)
2 CH.5 2.324 67.35 69.14 2.460
(0.99, 3) (0, 70.495) (0, 71.017)
3 CH.7 2.188 68.393 68.392 2.325
(0.99, 3) (66.737, 70.702) (66.737, 70.499)
4 MCOT 2.155 68.011 68.032 2.291
(0,3) (0,70.673) (0, 70.702)
5 NBT 2.013 67.845 67.848 2.149
(0, 3) (0, 68.787) (0, 68.751)
6 TPBS_SD 1.525 68.202 68.294 1.661
(0, 3) (0,70.702) (0, 70.702)
7 HD Playout 5.045 68.048 70.271 5.183
(0, 7) (0,70.744) (0, 70.501)
8 TPBS_HD 5.008 68.353 68.356 5145 |
(3,7) (67.338, 70.688) (67.465, 70.688)
Total Bit rate 22.498 544.206 548.211 23.590
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TEST 1: WanN1InNaaad (ALAITWATN)

One Week

No. Channel |min_video_qu|average_videolmax_video_qu min'_perceptu' average_perce max_perceptu

ality quality ality al_video_quali ptual_v.ldeo_q al_video_quali
ty uality ty
1 CH.3 74 92.343 97 0.000 4.2377 5
2 CH.5 78 92.8432 97 3.100 4.2797 5
3 CH.7 56 93.2891 100 0.000 4.3209 5
4 MCOT 0 92.4582 100 1.200 4.2504 5
5 NBT 0 92.8529 100 3.150 4.2787 5
6 TPBS_SD 0 91.9839 100 2.600 4.2936 5
7 HD Playout 0 92.3448 100 3.450 4.2405 5
8 TPBS_HD 53 92.7421 100 2.500 4.2732 5

TEST 1 - WanIsnaaad (AtAs1gi)

Data Rate M¥n'lduasdeuaynan Video s3u'itAu 22.5 Mbps wag
Jeyeuawsiu (Video + Audio) agi'laitAiu 23.6 Mbps Tuisaudioianin
(One Hour, One Day, One Week)

ﬁleaﬁlﬂmaoﬁao HD agjilszanat 5.1 Mbps aziu'lédinzas HD finsfiuda
igyA1 Data rate lasnninidseunainisannnisa1ulaii 6 Mbps

mll,aéfiﬂmlaoﬁaa SD agjalszaneu 2.3 Mbps asiu'ldinaas SD finsfiuda
nennINnUszunain1sld Aa 1a Data rate goninnsAulanin 1.7 Mbps

A1 Data rate MldsanndasAutayanisfiuda GOP Length 4o SD A
ALale GOP Length Missunan 24.7 frame (GolaatAaviu Frame Rate
25 fps) detilunsdudaseaduins

@1 Data rate fiu GOP Length u1ag HD 3zfif1 GOP Length fAseanas 29
- 32 frame G9g9n31 Frame rate 7 25 fps Hudhvuanfenisfiudaiige
n3uns

ﬁqﬁﬂmﬁﬁmgm@ﬂﬁ%%ﬁﬁﬁmﬂmﬁmﬁ%ﬂ VIDEO BIT RATE a3uNaNINAABUNARBYY




TEST 1 - Wan1snaaad (LAsei)

AT monitor AsLATWARINNARIWILLY QOE wag eMOS Wafan Wil
AUANARRAAAIVLIRN

andia 2, 3 fanudlulégedi algorithm wag Encoder + Multiplexer §
A15tiuda HD launn3edl Bandwidth widaunniaa SD azvinasiuadm

fiagay A1 data rate J9gvnIndszunanis

WiaRgaida 7 Sunsaneadauanufisiuldsgasnieda
vinAsLARNas SD iinZudniilydadial monitor AauATWATWUAY

SD HD uag Data rate fifinnsil&auuniasll

143 1uutas 6SD 2HD wiflauldin wavinnsaa traffic shaping 7
Mulitplexer ann 22.5 Mbps flu 21 Mbps wag monitor ALAINATW

229 SD HD wag Data rate ffinsil@auniastlil

Wa’ANEIIN1inN15dia 8 mtﬂumauamuam'ﬁunumu Bandwidth t11&a
mam'\snsaosnmamu'\nmu"l,manma"l,u LS

Lin'lng

TEST 2 - AsUSUU &8y VIDEO MIN BIT RATE

ANTANUUR video bit rate aua1519

A11UA audio stereo 2 AaILde9 bandwidth HavLdeavay

64 kbps

CH Min BW (Mbps) | Max BW (Mbps)
CH3 1.5 3
CH5 1.5 3
CH7 1.5 3

McCOoT 1.5 3
NBT 1.5 3
TPBS_SD 1.5 3
HDPlayout 7
TPBS_HD 7
Total 19 32
VDO Shaping 22.5
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TEST 2 — Wan1snaaad (BIT RATE)

Three Day
No. Channel
Av. Video bitrate (Mbps) [Av. Audiol bitrate (kbps) Av. Au(t;](i;):s;aitrate Tot?il?;i;:’a:::l;/::ps)
CH.3 2.089 68.021 67.847 2.225
(1.499, 3) (67.534, 69.742) (67.413, 67.771)
CH.5 2.115 67.889 68.795 2.252
(1.499, 2.938) (67.411, 68.685) (67.491, 69.046)
CH.7 2.069 68.363 68.37 2.206
(1.499, 3) (67.078, 70.702) (67.051, 70.688)
MCOT 2.046 68.148 68.139 2.182
(1.499, 3) (66.777, 70.673) (66.817, 70.688)
NBT 1.827 67.859 67.859 1.963
(1.499, 3) (67.498, 68.631) (67.517, 68.720)
TPBS_SD 1.623 68.329 68.329 1.760
(0, 2.999) (0, 70.688) (0, 70.688)
HD Playout 5.341 68.077 70.495 5.480
(4.996, 7) (66.476, 70.716) (70.487, 70.5)
TPBS_HD 5.39 68.364 68.009 5.526
(4.998, 7) (67.488, 70.673) (67.423, 69.037)
Total Bit rate 22.500 545.050 547.843 23.593

TEST 2 — NANITNARAY (AUATWATIN)

Three Days
quality | eo_quality | quality uality i BTG
1 CH.3 77 92.1632 97 2.600 4.2209 5
2 CH.5 88 92.5776 96 3.100 4.2569 5
3 CH.7 88 92.9813 100 2.700 4.2919 5
4 MCOT 89 92.261 97 2.700 4.2318 5
5 NBT 90 92.7026 96 2.800 4.2628 4.85
6 TPBS_SD 0 87.41 99 3.200 4.2964 5
7 HD Playout 90 92.541 100 3.500 4.2574 5
8 TPBS_HD 80 92.7695 100 2.700 4.2749 5
AgtATTTR Y ARn A roR AV Suieamn VIDEO BIT RATE
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TEST 2 — tu5eruniieiy TEST 1 way TEST 2

8
HD Playout TPBS_ HD
7 LHp LHp
6
A A
5
4 ¢ min
B Max
Ch3 Ch5 Ch7 MCOT NBT TPBS_SD aavg

3 f ._ I ._ q [
92 4 1 :_T b TT FFT

ol e

B

TEST 2: Wan1snaaad (AtAs1ei)

ANTANNUAR Min bit rate aasusazdaiFauaiiauduiviuanis
saviunam U229 W 1ae Encoder agdnass Bandwidth
TiusazdasiuainauuaziaasstinduamuanHazuasnInly
AULTUNUDILGAREA DY

WA3TIUUDY Min bit rate aasnntasinauiu Video shaping a'l6
A1 Bandwidth Pool €ivagiilu Pool 19 encoder @tfiun1susnis
AanN15 bandwidth

Tu Test 1 § bandwidth pool 12.5 Mbps ugus#i Test 2 §i
bandwidth pool 3.5 Mbps

Test 1 ¥an151% guarantee AaMWAIWZTUEtiaanIT Test 2 we
Encoder i1 pool Tun15¥mn1s bandwidth ‘ldaaavsninin

A1sU5UL&au Min bit rate RnARRANTNARRIWLTN Lifinasa
average bit rate 574

Wiasannnisneaadludisnaindanne 9'liausagqdnan
AALaAUI AITALHAIAITAAIALLNUNLRN LR UaTGLTIUANTVNaRaL
Tusaaztdanadnmasy

ﬁqﬁwmmﬁﬁmmmﬁﬁﬁ%ﬁﬁ%ﬁmﬂm{mﬁ%mﬁ VIDEO BIT RATE
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TEST 3 - MTIAAUMNNANWILRLIA BIT RATE ATOLAIAUR
VIDEO SHAPING %32 VIDEO POOLING 11 21 MBPS

ANTANYUGA video bit rate U159

CH

Min BW (Mbps)

Max BW (Mbps)

CH3

CH5

CH7

MCOT

NBT

TPBS_SD

HDPlayout

TPBS_HD

NINRIRIR|IR|R|F

NiNWwww w w

Total

=
o

w
N

VDO Shaping

21

A1ruUa audio stereo 2 AaIL&ey bandwidth AagLden
8y 64 kbps

TEST 3 — WaN1TNaXaY (BIT RATE)

One Week
No. Channel Av. Video Av. Audiol Av. Audio2 To(t;:;a:s)r ?te
bitrate (Mbps) | bitrate (kbps) | bitrate (kbps) Video+Audio
1 CH.3 2.125 68.024 67.864 2.261
(0.99, 3)
2 CH.5 2.137 67.876 68.797 2.274
(0.99, 3)
3 CH.7 2.114 67.989 68.348 2.250
(0.99, 3)
4 MCOT 2.003 68.116 68.064 2.139
(0.99, 3)
5 NBT 2.181 67.848 67.845 2.317
(0,3)
6 TPBS_SD 1.385 68.329 68.328 1.522
(0,3)
7 HD Playout 4.464 68.024 69.501 4.602
(2,7)
8 TPBS_HD 4.591 68.366 68.019 4.727
2,7) .
Total Bit rate 21.000 544.572 546.766 22.091 |

sgtnamTvimymeaihEERmeA i ATy tudEuemn VIDEO BIT RATE
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TEST 3 — Wwan1snaaay (tdaautiiay BiT RATE Ay TeEST 1)

One Week
No. SLELT Av. Video bitrate | Av. Video bitrate % difference from
(Mbps) - 22.5 |(Mbps) - 21 Mbps 22.5 to 21
Mbps Pool Pool )
1 CH.3 2.24 2.125 -5.13
(0.99, 3) (0.99, 3)
2 CH.5 2.324 2.137 -8.05
(0.99, 3) (0.99, 3)
3 CH.7 2.188 2.114 -3.38
(0.99, 3) (0.99, 3)
4 MCOT 2.155 2.003 -7.05
(0, 3) (0.99, 3)
5 NBT 2.013 2.181 8.35
(0, 3) (0,3)
6 TPBS_SD 1.525 1.385 -9.18
(0, 3) (0,3)
7 HD Playout 5.045 4.464 -11.52
(0,7) (2,7)
8 TPBS_HD 5.008 4.591 -8.33
(3,7) (2,7)
Total Bit rate 22.498 21.000 -6.66

TEST 3 — NANITNARAY (AUAWATN)

One Week
No. Channel |min_video_qaverage_vide max_video_ min_percept average_per max_percept
Jalit o qualit aalit ual_video_q|ceptual_vide|ual_video_q
y -4 y 9 y uality o_quality uality
1 CH.3 88 92.2178 98 2.650 4,227 5
2 CH.5 74 92.6522 96 1.750 4.2636 5
3 CH.7 90 92.6715 97 2.800 4.2615 5
4 MCOT 79 92.3569 100 0.000 4241 5
5 NBT 84 92.8175 97 2.950 4.2801 5
6 TPBS_SD 0 92.1994 100 0.000 4.2861 5
7 HD Playout 84 92.3585 100 3.100 4.2357 5
8 TPBS_HD 76 92.6406 100 3.000 4.2642 5
ﬁqﬁﬂmﬁﬁyﬁgm&ﬂﬁ%%ﬁﬁ%ﬁmﬂmﬁmﬁ%ﬂ VIDEO BIT RATE asuNaNIINAABUNARBYY




TEST 3 — Wan1snaaad (ALAs1EAR) VIDEO SHAPING
21 MBPS

navanliuaa video shaping a1n 22.5 Mbps 1ilu 21 Mbps wafia
Video bit rate suagiialsitAu 21 Mbps

Video bit rate 2a9 SD uay HD finsUsuaaadtAauifonua uag HD finnsusu
anaINFagIugunin SD

Video bit rate a9 SD w&auainiszane 2.3 Mbps ilu 2.0 Mbps
Video bit rate 229 HD t&suainyszua 5.1 Mbps ilu 4.6 Mbps
Video bit rate 729 TPBS_SD l@auannilszanas 1.52 Mbps tflu 1.38 Mbps

AANTHILAAAUNINAITTUAU Hay TPBS_SD Aauananasunnauly
1150916 wazga wuasdas SD uay HD & error Tudnsinaau
fotnaiule

&3 @a @1 Video shaping 7 21 Mbps feldaulalé dotfulu Test 4 J9
filsuiRanilu 21.75 Mbps

TEST 4 - MTIAAUMNNANWILRLIA BIT RATE ATOLAIAUR
VIDEO SHAPING %32 VIDEO POOLING 11 21.75 MBPS

ANTANUUA video bit rate auMI9Y

CH Min BW (Mbps) | Max BW (Mbps)
CH3
CH5
CH7
MCOT
NBT
TPBS_SD
HDPlayout
TPBS_HD
Total
VDO Shaping 21.75

A1nua audio stereo 2 Aadtdey bandwidth dasl&evas 64 kbps

nafudayaissuna 3 Ju asandfinsuiunl’dau parameter
UAELATY

ﬁqﬁwmmﬁﬁmmmﬁﬁﬁ%ﬁﬁﬁﬁmﬂm{m@%mﬁ VIDEO BIT RATE aTUNaNINAABUNARBYY
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TEST 4 — Wan1TnNaaad (BIT RATE)

Three Day
No. Channel -
Av. Video Av.Audiol | Av. Audio2 T°(t|3::;i; ?te
bitrate (Mbps) | bitrate (kbps) | bitrate (kbps) Video+Audio
1 CH.3 2.162 67.912 67.771 2.298
(0.99, 3) (18.64, 70.044) |(20.145, 68.796)
2 CH.5 2.215 67.881 68.69 2.352
(0.99,3)  |(67.472, 68.539)|(44.244, 70,401)
3 CH.7 2.183 67.959 67.971 2.319
(0.99, 3) (67.523, 68.815)| (67.48, 69.03)
4 MCOT 2.054 67.845 68.057 2.190
(0.99,3)  |(67.466, 68.771)|(66.777, 70.631)
5 NBT 2.19 67.833 67.838 2.326
(0.99, 3) (67.42,68.461) |(67.523, 68.520)
6 TPBS_SD 1.39 68.361 68.366 1.527
(0, 3) (0, 71.003) (0, 70.639)
7 HD Playout 4,752 68.01 69.468 4.889
2,7) (0, 70.946) (0, 70.659)
8 TPBS_HD 4.804 68.025 68.028 4.940
2,7) (67.446, 69.037)| (67.44, 69.037)
Total Bit rate 21.750 543.826 546.189 22.840

TEST 4 — HaMINAaaY (LU3auLviey BIT RATE iU TEST 1)

One Week
No. Channel Av. Video bitrate | Av. Video bitrate |, diff §
(Mbps) - 22.5 | (Mbps) -21.75 'nge"czlmm
Mbps Pool Mbps Pool > to
1 CH.3 2.24 2.162 -3.48
(0.99, 3) (0.99, 3)
2 CH.5 2.324 2.215 -4.69
(0.99, 3) (0.99, 3)
3 CH.7 2.188 2.183 -0.23
(0.99, 3) (0.99, 3)
4 MCOT 2.155 2.054 -4.69
(0, 3) (0.99, 3)
5 NBT 2.013 2.19 8.79
(0, 3) (0.99, 3)
6 TPBS_SD 1.525 1.39 -8.85
(0,3) (0,3)
7 HD Playout 5.045 4.752 -5.81
(0,7) (2,7)
8 TPBS_HD 5.008 4.804 -4.07
(3,7) (2,7)
Total Bit rate 22.498 21.750 -3.32

AgtnmmTSRRTYY AewEtAueA WLl vsd Sudfeemi VIDEO BIT RATE
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TEST 4 — NaNITNAARAY (AUATWATN)

3 Days
No. Channel | 1in video_|average_vidimax_video_ min_percep average_permax_percep
. . . tual_video_|ceptual_vid|tual_video_
Rl ) ey el quality |eo_quality | quality
1 CH.3 65 92.26 97 3.500 4.2334 5
2 CH.5 77 92.7074 96 3.050 4.2683 5
3 CH.7 67 92.7036 96 2.950 4.2623 5
4 MCOT 42 92.4258 100 3.300 4.2446 5
5 NBT 77 92.7601 96 3.250 4.27 4.9
6 TPBS_SD 0 92.3809 100 3.050 4.2926 5
7 HD Playout 63 92.4562 100 3.400 4.2486 5
8 TPBS_HD 65 92.8427 100 3.000 4.2901 5

TEST 4 — daN1TNARAY (ALATITH)

Video bit rate 531 21.75 Mbps

Video bit rate aad SD dssunaw 2.2 Mbps  HD iszaunau
4.8 Mbps

AaLATWLaY TPBS_SD Aduuadefiflagvnawnsean g

anaaztiluileyinann Video source Jvvinnsudsuildauiae
n131df video source TPBS_HD wazuivinnis down
conversion 7 IRD 16 SD aAauilautdinlui Encoder wafa
ALAWAIWA ANsAszanUe’ll

ALAWUAINNADIAUNNUDI ALATNG

ﬁqﬁﬂmﬁﬁyﬁgm@ﬂﬁ%%ﬁﬁ%ﬁmﬂmﬁmﬁ%ﬂ VIDEO BIT RATE

851 Video bit rate shaping 7 21.75 Mbps &1u135al49nu
166
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VIDEO BIT RATE (VIDEO POOL 21.75 MBPS)

06300200 AN ICT 12:00:00 PH ICT 06100200 PH ICT 12:00:00 AN ICT 06300200 AK ICT
Time Range

OVERALL BIT RATE

26.2 Mbps (DVB-T2, 16k extended, Gl 1/8, 64 QAM, 2/3 FEC)

24 Mbps (TS Data rate before entering DVB-T2 exciter)

NULL/Reserve (AD, EPG, Subtitle, SSU)
=24 -21.75-1.104 = 1.146 Mbps

Audio bit rate (70 kbps per one stereo channel, 2 track)
Total = 0.069 x 2 x 8 = 1.104 Mbps

Video Bit Rate (6 SD, 2 HD)

21.75 Mbps

ﬁqﬁwmmmmﬁﬁﬁ%ﬁﬁﬁmﬂm{m@%mﬁ VIDEO BIT RATE asuNaNIINAABUNARBYY




ATNadaualfuamn 'l

Nnagaunn bit rate aag EPG

U5ul&au TS data rate 24 Mbps iaundn Threshold
TaasIuNauaYy overhead uav DVB-T2 12y 531 Multiple
PLP ua?

NFLnaULazaTIAdauaInaw i video shaping
21.75 Mbps sia'ldl

ﬁqﬁﬂmﬁﬁmgm&ﬂﬁﬁﬁ%ﬁﬁﬁﬁmﬂmﬁmﬁ%ﬂ VIDEO BIT RATE a3UNaNINAABUNARBY



() a3URANTNAABUNARBITIRINDA 39 MyUFULUABY DVB-T2 PARAMETER
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gsUnanIsnadaunaaavnIflInaa
Bavn1suSulaau DVB-T2 PARAMETER

‘ 16 waeAau 2556

nsilasundasluareinuun (23/4 — 16/5)

A1s5uLl&au DVB-T2 Parameter, CR 2/3 = CR 3/5

asU¥uLl&au Video shaping Taatl&aussnine 19 — 21
Mbps

A5l dauTAsIaE 19 TALLAN T2 Gateway

n5UsuLl&au T2 frame parameter Wialvisudanaditiu

nansasvindygralnsiauneiuiuluszuuaidnea




A15UsuL &8y DVB-T2 PARAMETER

Previous Parameters New Parameters
FFT 16k extended FFT 16k extended
Gl 1/8 Gl 19/128
64 QAM 64 QAM
CR 2/3 CR 3/5
PP3 PP3
Result Result
Max bit rate 26.08 Mbps Max bit rate 22.96 Mbps
C/N indoor 15.6 dB C/N indoor 14 dB
Tx spacing 67.15 km. Tx spacing 79.74 km.

A15UsuLl &8y DVB-T2 PARAMETER

Result (New)
Max bit rate 22.96 Mbps
C/N indoor 14 dB
Tx spacing 79.74 km.

Judauanaaaluanais lafdiuuin

Bit rate NaaavAAaLALAILNITTUIA video AUV
19 bit rate video aaad ws trade off AMapuAINATN
AaRILA IR NITaaNsU'l6
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Qv al =]
A15U5ULUR e VIDEO SHAPING 91 21 MBPS
CH Min BW (Mbps) | Max BW (Mbps)
CH3 0.75 2.5
CH5 0.75 2.5
CH7 0.75 2.5
MCOT 0.75 2.5
NBT 0.75 2.5
TPBS_SD 0.75 2.5
HDPlayout 2 7
TPBS_HD 2 7
Total 8.5 25.5
VDO Shaping 21

Video shaping éaws 19.7 - 21 Mbps fiqaunwé
Video shaping 7 19 Mbps ifuansaaiaausu'lé

A19UTuULU AU VIDEO SHAPING 1 21 MBPS

22.94 Mbps (DVB-T2, 16k extended, Gl 19/128, 64 QAM, CR 3/5)

22.56 Mbps (TS Data rate before entering DVB-T2 exciter)

NULL/Reserve (AD, EPG, Subtitle, SSU)
= 2256 - 21 -1.104 = 0.456 Mbps

Audio bit rate (69 kbps per one stereo channel, 2 track)
Total = 0.069 x 2 x 8 = 1.104 Mbps

Video Bit Rate (6 SD, 2 HD)

21 Mbps

NanIsasaadedaning msﬁm(ﬂq@f: auluszuuaInea




AT R BUTATIRENITALILIAN T2 GATEWAY

EPG

CH3, CH7, MCOT,
NBT
(DVB-S, MPEG2)

SD Min-Max BW 0.75-2.5 Mbps
HD Min-Max BW 2-7 Vibps
Video Shaping (19.7 - 21 Mbps)

Integrated
Receiver Decoder

TPBS_SD,
TPBS_HD
(DVB-S2, MPEG4)

-

HD Playout
& \/ g

SDI Router

CH5

v

Intacrntad
integrated

Receiver
Decoder

DVB-T2
Transmitter

Tektronix Audemat
Video Quality Monitoring
Monitoring

T2 GATEWAY PARAMETER SETTING
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T2 GATEWAY PARAMETER SETTING

[ 32k axtandad

T2 GATEWAY PARAMETER SETTING

Interi=aving depth BE.3 ms

mamsma%%ﬁm_@m}mﬁjy_‘mﬂJu? uluszuuRanea
Dilete 2B




A5UTULLRaU T2 FRAME PARAMETER LA TS U U aumdiu

guitiavannnavanndsuid{aunnld T2 Gateway wad dondagld T2
parameter Lo wanausuFyaalaanndiuuin

Avvinn1sasAFauLazvinn1susuLd au L1 Post Constellation Parameter
10 64QAM ilu QPSK Usngisudeyanalldddiunin tiauaziviiauldu

foiTug9vinnstldau L1 Post Constellation ann QPSK 1ilu BPSK wsifina
vin19 Frame Parameter w&auanu fuavinlii bit rate anay
\iaLfiy bit rate WilndAagudin S9davvinnistsuilday
Number of Data Symbol in T2 Frame
Max FEC block in Interleave Frame (or in T2 Frame in our configuration)
Time Interleave Block in Interleave Frame

Taadiihnune trade off 5¥1319

Bit rate
Interleave Depth

nansnn9indygradnsiauniaiuiulussuuAdnea
Source: Enensys




CONCEPT

Capacity/interleaving compromise
Capacity of T2-frame (32KE, SISO, PP7, 256-QAM, CR=3/5,
GI=1/128, Pi=1, no TR, Nidpc=64800)
37 ; ; 30
36 — ------------------------------- I e F25 ¢
- | . . . “Sweet-spot” &
] 1 ] : o
B 35 e - for this mode =20 5,
2 i £ L
- | > O
o 34 - 15 3 2
i =
= : : : : : e @
Sl e pE”
e ; . : ! —+—Data rate ':E'1l
SO L W S S S =
! ! E E —B-Time interleaving depth
31 . . ! ! . . . 0
0 10 20 30 40 50 60 70 80
Number of symbols per frame (L,)

A5USuLU&au T2 FRAME PARAMETER LA TS U Uauaumdiu

T2 Frame duration 247.2 ms L1 sxza 3340 calls
FEF duratian 0.0 ms Diata size 1576531 cell=
Humber af symbols 121 symbals Dummy size 1731 calls
Murmbar af 21 1 evmbele OFDM Symkols
Hurmber af P2 1 symbaols Symbal duration 20580 s
Humbear af DATA 119 symbaols Guard interval duration  265.0 us
FC presence Ve Cells par #2 symbaol 3944 calls
{cedls) (Mbitss) Bitrate bdock [fec [cells) depth tms}? [cells)
[MEits /=) block)
PLF_O 1576800 22.9 229 Lidh 10800 33.0 529200

Number of Date Symbol in T2 Frame - 119 symbol/T2 frame
Max FEC block in Interleave Frame - 146 block
Time Interleave Block in Interleave Frame - 3 block

nansnn9indygradnsiauniaiuiulussuuAdnea




Before T2 Gateway

After T2 Gateway

o

WAN1IRTIVIN
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Before T2 Gateway

After T2 Gateway

o

WAN1IRTIVIN

Syaadnsvirunafiuiulussuuainea
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T2 Configuration (FFT 16K ext., Gl 19/128, PP3, 64 QAM, CR 3/5)

Frame Configuration

L1 Post Constellation 64QAM (Auto) | QPSK (Auto) | BPSK (Auto) BPSK BPSK BPSK BPSK BPSK BPSK BPSK BPSK BPSK
T2 frame (symbol) 83 83 42 79 92 97 101 106 110 114 115 119
T2 frame per superframe 2 2 2 2 2 2 2 2 2 2 2 2
Max FEC block per Interleave frame 102 102 51 97 113 119 124 130 135 140 141 146
Tl block per Interleave frame 2 2 1 2 3 3 3 3 3 3 3 3
T2 Max bit rate (Mbps) 22.96 22.96 22.94 22.94 22.94 22.94 22.94 22.94 22.94 22.94 22.94 22.94
TS bit rate (Mbps) 22.87 22.87 22.31 22.84 22.89 22.88 22.90 22.89 22.92 22.94 22.90 22.93
Interleave depth (ms) 88.70 88.70 87.00 83.50 64.40 67.90 71.20 74.60 76.20 79.50 79.70 83.00
Frame
T2 frame duration (ms) 173.00 173.00 89.00 165.00 192.00 202.00 210.00 220.00 229.00 237.00 239.00 247.00
Superframe duration (ms) 346.19 346.19 177.44 329.73 383.24 403.82 420.28 440.86 457.32 473.79 477.90 494.37
Frame Cell
Total Size capacity (cell) 1,104,439 1,104,439 560,697 1,051,391 | 1,223,797 | 1,290,107 | 1,343,155 | 1,409,465 | 1,462,513 | 1,515,561 | 1,528,833 | 1,581,871
L1 Pre size (cell) 1,840 1,840 1,840 1,840 1,840 1,840 1,840 1,840 1,840 1,840 1,840 1,840
L1 Post size (cell) 250 750 1,500 1,500 1,500 1,500 1,500 1,500 1,500 1,500 1,500 1,500
Data size (cell) 1,101,600 1,101,600 550,800 1,047,600 | 1,220,400 | 1,285,200 | 1,339,200 | 1,404,000 | 1,458,000 | 1,512,000 | 1,522,800 | 1,576,800
Dummy size (cell) 749 249 6,557 451 57 1,567 615 2,125 1,173 221 2,683 1,731
L1 Pre size (%) 0.17 0.17 0.33 0.18 0.15 0.14 0.14 0.13 0.13 0.12 0.12 0.12
L1 Post size (%) 0.02 0.07 0.27 0.14 0.12 0.12 0.11 0.11 0.10 0.10 0.10 0.09
Data size (%) 99.74 99.74 98.23 99.64 99.72 99.62 99.71 99.61 99.69 99.77 99.61 99.68
Dummy size (%) 0.07 0.02 1.17 0.04 0.00 0.12 0.05 0.15 0.08 0.01 0.18 0.11
Total (%) 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Table 11: Parameters for bit-mapping into constellations

LDPC block length i Number of output

(N!dpc] Modulation mode wvobD data cells
256-QAM 8 8 100
64-0AM B 10 800
64 800 16-QAM 4 16 200
QPSK 2 32 400
256-QAM 8 2025
64-QAM 6 2700
16200 16-QAM 4 4 050
QPSK 2 8 100

o

nan1sanindyaadnsiaunaiaiuiulussuuAinea

1 FEC Block size = 64000 bit

For 64-QAM, 1 cell = 6 bit, 1 FEC Block = 10800 cell
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Miasvaaudyn luiun sHuny 2556
LAUUN 2.22FUNTT 0.9 2. DLTUNT

52eL191INAN lUMeN 55.00 N lawAs Lat.13.42 122 N Long100.02 479 E

05/03/2013 06:18:39 -

23.3dB
45.0 dBpV
15.6dB

3.7E-2
<1.0E-7

MPEG-2 TS DVB-T2

o
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2.818108719 LRLTUNT !ﬁ@\i LRLFUNT

52ezr9nAnlunen 57.75 N lames Lat.13.41 180 N Long100.04 105 E

05/03/2013 06:19:46 -

16.2 dB m: 24 a8

24.0dB
46.3 dBpV
16.2dB

3.1E-2
<1.0E-8

CH:

MPEG-2 TS DVB-T2
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3.9.WUUATAN (UUT.) D.WUNTITAIN VLRLFUNT

52ezr9nAnluven 85.78 N laAs Lat.13.43 576 N Long100.19 588 E

05/03/2013 07:04:22 -

27.3dB

57.3dBpV
19.4dB

6.3E-3
<1.0E-7

CH:

MPEG-2 TS DVB-T2
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4 AUNFUUA (AA1ANA) 0. A UINTUUA 2. RLIFIUNT

52exr91nAnlUnen 98.07 N lamAs Lat.13.39 039 N Long101.26 254 E

05/03/2013 09:47:32 -

40.6 dBuV

________ I——
110 130

17.3dB

40.6 dBpV
S : <0.0dB

>1.0E-1
>1.0E-1

L1-PRE SIGNALLING IN LOCK
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A o s o s a
51731017 9.UNIZIUNTDANITIUNT 9.¥01)9

s2errenanluven 93.79 A lawas Lat.13.25 003 N Long101.20 062 E

05/03/2013 11:21:05 -

: <36.4 dBuV
I
110 130

<36.4dBpV
<0.0dB

CBER: >1.0E-1

LBER: >1.0E-1

L1-PRE SIGNALLING IN LOCK

CH:
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Y 9 9 =3 =
6.u,&1m/ium"lmma B.UTUUN 0.%01)3

52U21190NAN IUNEN 95.2 A laAs Lat.13.13 188 N Longl01.13 344 E

o
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TAUIW(VAY) 0.U190aU %.Glf'ﬁ‘lﬁ'

52831 191NAN UMY 66.4 N 1aWAT Lat.13.17 086 N Long100.55 238 E

o
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M3asvaaudyn luiun 13 Juiay 2556 (Faasvaaudygiai 1)
1.401l52@n30% 0019108100 0.09A5NY 2. UATUIEN

5LegranNAnluven 622 Nlamas Lat 14.095020 N Long 100.56 5.18 E

o
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=} Y a a =
2. J595euu119049 .3M51a8 8.3115089 .80381)9

srerrienanluven 81.62  nlamas Lat 14.2022.71 N Long 101.01.97 E

o

nan1sanindyaadnsirunaiaiuiulussuuAinea



ad a
3 1 unaEmeedannieind a.auu 9.51111 2.4AT U0

sTegrannanluven 80.3  nlamas Lat 14.1549.65 N Long 101.413.08 E

o

nan1sanindyaadnsirunaiaiuiulussuuAinea



9 Y
4.l dan.wihs.s.uedes ails.

sregrannanluven 86.15 nlawas Lat 14.1346.63 N Long 101.1020.15 E

o

nan1sanindyaadnsirunaiaiuiulussuuAinea



9 &
S5.AUNTTLATIUNKG

sregrananluvien 88.12  nlawas Lat 14.1810.16 N Long 101.75529 E

o

nan1sanindyaadnsirunaiaiuiulussuuAinea



QU

maagrvaoudyyIn luiun 14 Juiay 2556
1. iTmssunea1arquudd 9.1Unus1d

52eLM9INAN lUMEN 34.53 N laAs Lat.14.02130N  Long.100.24162.E

1y

nan1sanindyaadnsirunaiaiuiulussuuAinea



2. AMNMIBUNOAINTINAN  9.04TE

52eer91nAnlUnen 51.99 N lames Lat.14.09554N  Long.100.18254.E

1y

nan1sanindyaadnsirunaiaiuiulussuuAinea



3. YudIdIIngnIIaYs  o.aloq

52exr9nAnluven 88.39 N laes Lat.14.24495N  Long.100.07565.E

1y

nan1sanindyaadnsirunaiaiuiulussuuAinea



= =
4. 13 9.0191U 529N VINITINLYT

sTerrananluven 82.97 A lamAs Lat.14.24112N  Long.100.09172.E

1y

nan1sanindyaadnsirunaiaiuiulussuuAinea



5. N1MMIBUN0GNDY  .GNIINIT

52evr91nAnlUNen 98.05 N laAs Lat.14.22319N  Long.99.53328.E

1y

nan1sanindyaadnsirunaiaiuiulussuuAinea



6. WINEATAEAT 1.uATUgU

52err19nAnlUNen 66.5 N1awAs Lat.14.01 171N Long.99.59 20 E

1y

nan1sanindyaadnsirunaiaiuiulussuuAinea



7. 19951939 aumdung o.uiies v.unsgy

528TM191INANIUNEN 54.03 A 1ANAT Lat.13.49 034N Long.100.02 40.5 E

1y

nan1sanindyaadnsirunaiaiuiulussuuAinea



U

Miasvaaudyn luiun 15 Uguieu 2556

1. 0.4UNDY 2.935%1f3 ,0.0191/21 2.9¢58

o A P , o o 1 ao o
N@ﬂ"lﬁ‘qmllﬂq?’I'T[ﬂLV’]@@L&N@@ﬁﬂ@'ﬂ\?ﬂﬂﬂq'ﬂﬂ’]uqmvlﬂ

WNNEILUR AzfiaanaUNITIN1eIABNAT U ENa

o

nan1sanindyaadnsirunaiaiuiulussuuAinea



o

nan1sanindyaadnsirunaiaiuiulussuuAinea



o

nan1sanindyaadnsirunaiaiuiulussuuAinea



QU

maagrvaoudyyn luiun 22 Nguien 2556

Uy
@ ~ v =) @ Y =
ATVTAYVIUN D, UDUADY V.TTLLYT , D. SIS IEAT, 9.94591 ,0. v19dein NIy

Q E]

[ (X

Hamsiadgana Liadyaaimaunsesasluven 5.2 kw

C/N= 152 dB, Power =39.0dB & v, MER = 18.8 dB ,CBER = 1.7 E-2 , LBER <1.0E-8

[ (2

2 Jadyanuimaunsosdelunen 4.5 kw

C/N = 15.2dB, Power=39.0dB 1z v, MER =18.8 dB ,CBER = 1.7 E-2 , LBER <1.0E-§

v o [

3 Aadnyanuimauniosdeluven 4 kW

C/N = 15.2dB, Power=39.0dB 1z v, MER =18.8 dB ,CBER = 1.7 E-2 , LBER <1.0E-§

[ [

4 Jadyananmaunsosdaluren 3.5 kw
C/N = 15.2 dB, Power =39.0 dB z v, MER = 18.8 dB ,CBER = 1.7 E-2 , LBER <1.0E-8

sAadyanunmauniosdeluven 3 kW

C/N = 13.6 dB, Power =38.0dB v, MER=17.6 dB ,CBER =3.2 E-2, LBER <1.0E-§

o

nan1sanindyaadnsirunaiaiuiulussuuAinea



o

nan1sanindyaadnsirunaiaiuiulussuuAinea



AMANUIN Q.

Usenad nany. Mneadasnuianisinsnadnianufulussuuflnea

Usene name. 1309 WHUN1SWABUIEUUNSSUAd g 1adnglnsvimidussuy

AINDA

UseniA nany. 1309 1asgrunanatindmsunisliusnisinsiirinianuaulussuy

fInDA

UseniA nany. 1309 1asgrunnanatindmiuinssssudygialnsimunianuauly

SLUUAIRDA

UseniA nany. 1309 1asgrunnanatindmsuinssssudygialnsimunianuauly

EUUAINDA 2UUN b W.A. bedo

Usenel Name. 1389 uiuANiIvgdmsuiansinsiadnenuiulussuuiines

UsBlannms | ianinausl Wagdannsous I iiusn1snseedesvselnsial w.e. beee

Tu3nis wannauel Lagisnseygenildaduanuddmsunisliusnisinsvimilussuuminea
WA, b&do

VaNINAI kagIsnseu nlildnaunun Y 1ieUsenauian1Inegsia bego

(579)  Usenid nanv. 1383 naninaeiisn1skavleulunisussyaniuaiuiiiioly
UINsnsyialuseuuainea Usslanusnisnegsiaseauysn.a. ...
UsBlannms | wianinausl wagdan1sousInliusn1siAsainenseneiduesvsa ey w.e. beee

Tu3ns naninauet wagIsniseygsinnludunsivuinsiassiginging Ussiannld
TAsae AauAHRNATUALlUSEUUATReA N.A. bedo

Usslanms | dninadl wagdan1seug nliusn1saegIuiemuasAINAIuNTEULELINTo
Wusnsds | nsviend we. oeed
IUIIAN

GEA2ieN

FYNUNANTANTUUVRIALITIINUA N ATAE IS UN1TNNGDY
sruumsiudsdyaainglnsimilussuuidnea



UseNel NEmY. 1389 N15ATINADUKAL FUTBWNTFIUVBAATOINYALUIANLATUN TR

TuRan1snTEdarianIsInSAY W.A. beeo

UsgnAdineu nane. 1309 ManNMeILazIsNIIRTIARULAETUTOININTTIUYD

wIndineAnwIALLaraUnsallufanisnsneduwasAvnsinsvial

FYNUNANTANTUUVRIALITIINUA N ATAE IS UN1TNNGDY
sruumsiudsdyaainginsimilussuuiinea





