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1-week custo Digital Terrestrial Broadcast Training for the Broadcast Industry of
Korea at #LStelcom's headquarters in Lichtenau / Baden, Germany: Interested in
customized training, too? contact us: Istelcom.com/en/ls-training...
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o] Zo A W AR o WE-g3Fo] J&-S n]2)= DTT(Digital Terrestrial TV) wtelu]e] S0 th3)] HA]
AR & SFN W4 30 W42 9] Guard Interval A%, Delay 270 #3t U188 AE3tA} stch 1
2]al vpR]uko 2 Hx) f- oA AlE S0 Q1= FeMBMSE} Tower Overlay 7]&S 7HeFs] A7) stalz) $hot,

Choice of Parameters

WET A Aol 275 = AE8F 7 Ao wet 2de aetule & Adestefof itk DVB-T2E 7]
F0 2 AdH th2-9] [3E 1]of|A FFT size, Guard Interval, Modulation order, Code rate, Pilot Patterna} 2+
< wtetu|Ej 2} SFN size, Robustness, A48 1}0] #AE &gt 4 Qlth

DVB-T2 Parameter Choice

FFT (small) 1k 2k 4k 8k 16k 32k FFT size (large)

*Smaller SFN size (ext.) (ext) (ext) Larger SFN size

*Worse impulsive noise tolerance Better impulsive noise tolerance
+Better mobility *Worse mobility

Guard interval (short) 1/128 1/32 1/16 19/256 1/8 19/128 ¥4 Guard interval (long)
+Less overhead -More overhead

Smaller SFN size sLarger SFN size
Modulation (lower order) QPSK 16-QAM 64-QAM 256-QAM Modulation (higher order)
+More robust signal . +Less robust signal

+Less capacity higher order +More capacity

Code Rate (low) 1/2 3/5 2/3 34 4/5 5/6 Code Rate (high)

*More robust signal -Less robust signal

*Less capacity *More capacity

Pilot Pattern (low) RRIPRZPP3NPRP4 PRSI PPE PRI Pilot Pattern (high)

-More robust signal +Less robust signal

+Less capacity “More capacity

E 1. DVB-T2 Parameter Choice

ATSC 3.03 DVB-T2¢] &2 ulebu|g] 9] xjol= [3F 2]9F 2}

Parameters DVB-T2 ATSC 3.0

. 1K, 2K, 4K, 8K, 8K ext, 16K,
FFT size 8K, 16K, 32K
16K ext, 32K, 32K ext

G192, GI2_384, GI3 512, GI4_768, GI5_1024,
1/4,19/128, 1/8,19/256, 1/16, 1/32, 1/128
Guard Interval GI6_1536, GI7_2048, GI8_2432, GI9_3072,

(fraction of symbol period)
GI10_3648, GI11_4096, GI12_4864

Modulation QPSK, 16QAM, 64QAM, QPSK(UQ), 16QAM, 64QAM,
256QAM(Rotated) 256QAM, 1024QAM, 4096QAM(NUC)
Code rate 1/2, 3/5, 2/3, 3/4, 4/5, 5/6 2/15..13/15, 12 rates
Pilot Pattern PP1..PP8, 8 patterns SP3_2..SP32_4, 16 patterns (Data SP, SISO)

H 2. DVB-T2 vs ATSC 3.0 Parameter H|1l

ATSC 3.0914 & 8K, 16K, 32K, o]4 37}A|9] FFT sizeE AHstal o™ ZF FFT sizeo|A] Carrier
Reduction Coefficientol] wa} 52+719] MEF o} 50} HehIZ S A 4 9} ATSC 3.09] Guard
Interval Elementary Period®] vj<~2 T},

ATSC 3.0 28AFY AAH 52 ATSC Recommended Practice: Guidelines for the Physical Layer
Protocol (A/327)0]] 7]&%]o] lt}. o] £A1+= ZF ModCod 3t Tt Aid 2o A 2] A AH] Adsof ojgh

AFE Agold, A8 HAE U 24 HlAE A7E xaeln

2019.JUL 69



B O

Tech & Trend
ATSC 3.0 OFDM Parameters

Parameter BK FFT 16K FFT 32K FFT

Credcosi=0 6913 13825 27649

) Cred costt =1 6817 13633 27265

Nomber of carriers Crotcoor=2 6721 13441 26881

Cred cost =3 6625 13249 26497

Cred costi =4 6529 13057 26113
Duration T, 8192T 16384 T 32768 T

Duration Ty, (us)

(see note 1 and 2)

Carrier spacing 1/T; (Hz)
(see note 2)

1185.185 |2370.370  4740.741

843.75 421.875 210.9375

Cred coen =0 | 5.832 5.832 5.832
f;;gnﬁ?‘?:me;gc » Cred cosi=1 | 5.751 5.751 5.751
(NoCA)T, (MHz) Cred cosi =2 | 5.670 5670 5.670
(see note 2) Cred_coefi = 3 5.589 5.589 5.589
Cred cost =4 | 5.508 5.508 5.508

Note 1: Numerical values in italics are approximate values.
Note 2: Values are for bsr_coefficient=2 and system_bandwidth=6 MHz.

H 3. ATSC 3.0 OFDM Parameters / X}&: ATSC Standard: Physical Layer Protocol (A/322)

9] [3& 3]0l A 2} FET size ¥ AlBAE] o9 40} A BIE|o] 7+ 7+ Symbol duration 52 &H1E 4= Q1O
™ 6MHz, 8K FFT A& = [19 1]2} Zo] g 4 Qi

= ATSC 3.0 - 8k (6 MHz)

£
K=6912
|
* B843.75Hz
Useful Bandwidth (BW) = 5,832 MHz
Number of Carriers (K) =6913
Carrier Spacing (Af) = BW/(K-1) =843.75 Hz
| Symbol Duration (Tu) = 1/Af=1185.185 ps

2! 1. ATSC 3.0 OFDM Description

Elementary Period

ATSC 3.001A41%= 6MHz, 7MHz, 8MHz 0]4k¢] 37b4] A9 tjd =S AL 7hsahm, Hd t)olZ 2 Baseband
Sampling Rated] w2} A% Hth BSRS 0.384 x (16+bsr_coefficient)[MHz] 2 AAIE AL 2d tf & =0]
6MHz?! 7% bsr_coefficientt= 29] Z4& 7}Zt}. (ATSC Standard: Physical Layer Protocol (A/322) Table
9.1 Defined Value of bsr_coefficient #%)

6MHz th&¢] 79 Baseband Sampling Rate= 6.912MHz7} ¥, Elementary Period T+ BSRE] H42¢1
0.1447 ps(FAF]) o]t

Guard Interval MEH
OFDM ®A]o A= 57 2o &gt A& 7t 7Hd(Inter Symbol Interference)S WAIsH7] o A4 A&

Atolof g o] |t A AEARETE 71 Guard Interval & 4 stct,
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[E 4]ollA+= ATSC 3.00014 AJstal 9l 127F419] Guard Intervalg 9¢] Elementary Period Z25€ &
o A7 AR Fd8sFITH SEN W4 AA A] SFNS A8t £417] 7+ o) 714S 7|20 2 Guard

Intervalg A A3l of s},

= GI Parameter Distance = (speed of light) [m/s] X (Gl time) [s]
Speed of light = 3*10E8 m/s
Gl Patten | No in Sample 8K FFT 16K FFT 32K FFT
Fraction Gl [us] Distance[km] |  Fraction Gl [us] Distance[km] |  Fraction Gl [us] Distance[km]
GI1.192 192 3/128 27.8 83 3/256 27.8 8.3 3/512 27.8 83
GI2.384 384 3/64 55.6 16.7 3/128 55.6 16.7 3/256 55.6 16.7
GI3.512 512 116 74.1 222 1/32 74.1 222 1/64 74.1 222
Gl4.768 768 3/32 ma 333 3/64 ma 333 3/128 ma 333
GI5_1024 1024 1/8 148.1 44.4 116 148.1 44.4 1/32 148.1 44.4
GI6.1536 1536 3/16 2222 66.7 3/32 2222 66.7 3/64 2222 66.7
GI7.2048 2048 /4 296.3 88.9 1/8 296.3 88.9 116 296.3 88.9
GI8.2432 2432 19/128 351.9 105.6 19/256 3519 105.6
GI9_3072 3072 3/16 444.4 1333 3/32 444.4 1333
GI10_3648 3648 57/256 527.8 158.3 57/512 527.8 158.3
GI11.4096 4096 1/4 592.6 177.8 1/8 592.6 177.8
Gl12_4864 4864 19/128 703.7 2111

_ Source : ATSC Standard Physical Layer Protocol
H 4. ATSC 3.0 Guard Interval Parameter

&M7| Delay =3

A7 = F e $A7|2 FHE @t SEN &84S 7Pgsith, $417] 7F A8l = 56.5kmo]al Guard
Interval 56us2 A2 2 gHitstH 16.8km7t Bt} H3a =2 sh= U479 17 2|9 City A9} City Bo|t}.

(27 2]9] 234 JAL $47) A9 NB7} £RH T &
=9
A

A7) B A% 7} Guard IntervalS 23}sto] =25}
olal, =M g 1wl o] Ff-oltt. 7hed &4
o Z Trensmettes Al
g F FA1719] 259 &3 2]¢1o] Guard Interval X T}
S gYoltth

AW A = F %ﬂﬂf—éElEiPJ AT =2 24N, C/I Ratio
of whet (18 3|1} o] AW} City A= A7t A
Ao E3e]= © Wl City B Self-Interference 2 218) 100%2] #AH A S SR 3tA] 23t} 247} &
€ A AT =2 A AL [™ 3]9] aefzef o] F417] BY A&7t WA =Fekal GIE 23ste] $417]
A9 N5 7} =2k H

12l 2. Strongest Interferer Result

Problem !
| City B is due to self
interference not
covered for 100%

g Tx B Tx A

e 56.6 km

not covered

Gl = SBus

121 3. SFN Coverage (Delay =& &)
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olgst BAE 3|25}7] Qe Guard IntervalS 59 4% QAW GIQ] Z7M= A4g8F0] 7FAR o]o7]
th AE8YS SUSHA FASHHA Self-InterferenceZ QeF FAIAH A& 4317 YBlA= WA =23}
= 5417] BY A5 E AAAA F A5 B3 AAS Gl oY 2 BEH dt} (19 4]+ $417] BY 45E
50us A/AAIZ Al gEo]A AaHE Uebdth $417] BE] Delay 24 S & City BS] YA A& |43t AS
45Ut

Jevel

"

<
*

56.5 km

' Time

Gl = 56us

21 4. SFN Coverage (Delay =8 )

AA| ATSC 3.0 SFN ¥4 71% & CIR(Channel Impulse Response) Z43} TxID A&S E3f 7 $417]

ERRE 45 £ A4S FAT 5 Q.

Alternative Broadcast Content Distribution

FeMBMS(Further evolved Multimedia Broadcast & Multicast Service)
ANFEZo] HgH o]S Rl $HgoX 9] TJF FR= 4HFo] G438 S7FstA
A AR|29] & BES AAISHA HAok sAITE [1F 5]9F 7o) o] 5& Al ZS

Wej|tof 140 of
= o=
9 FUAAE Unicash & 7IWHOE 5710 o] 847 A1) B B9 AH| 27t ABHA 2 5 e,
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= eMBMS(evolved Multimedia Broadcast & Multicast Service) 7]&
TSIt eMBMSE Yttt 51291 B2 EFAE (Broadcast)ofl 7]1F
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12| 6. Mobile Broadcast

3GPP+= 20174 Release 14914 Guard Interval(cyclic prefix) 71 M2 SFN A E Z ¢ (3 M2 I
g3} vt} Zul 59 Yjgo] E3HE L HAE o] FeMBMS(Further evolved Multimedia Broadcast

& Multicast Service) 7]&& A A SFAT

IRT(Institute fiir Rundfunktechnik)®] F=35}o]] 20173 793 E 2019E 10€7}A] vio]o|& 2] o] 5G Y]
EQ T FeMBMS HAE ATt & L33 ‘5G TODAY ZRAET} A3 Zo|t}, TEAEo|= Zel = A FA}0]
Hpo] o] 2 J<(Bayerischer Rundfunk), o] 554191 Telefonica, 4:417] #|ZAF91 Rohde&Schwarz, SHE|L:

A A} Kathreino] ST EHR Fofsial glom HAE FEof 442 thad} 2t}

» Channel 56 (754MHz)

» Bandwidth 5MHz (later IOMHz) (‘ ))
« SFN Network

» Wendelstein (ERP 100kW, 321 1838m)

=
+ Ismaning (ERP 87kW, aif11 483m) I O DAY

TOoL +(Tower Overlay over LTE-Advanced+)
A&H o7 Z7ketal Sl Bt Edfjgo] tf83t7] 95k T WO 2 Tower OverlayZt ATt Tower
Overlay?] 7|2 7|g2 Q17] = AH|A, 53] gho|E HY & AEY UESQ| Ao eHeo] H FHY

HTHP(High Tower High Power) %< QlZeto|A] H&3k= Zo|th

4

21 7. Tower Overlay JHE =

lower overlay (broadcast)

LTE cells (unicast)
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LTE-A= A28 U E %zu LTLP(Low Tower Low Power) 740l | 5}%|o] 917] wfjEo] HTHP 73S A
S35} ¥ LTE-A 358 43 $438)|of S} (LTE-A +)

LTE-A+ A& DVB-T2 &4 1:6]-7] a4+ Hybrid Modulator7} & 2351 DVB-T2¢] FEF(Future Extension

Frame)Z ©]-&3}o] A| 28 t}&3} A o & AL3H} (ATSC 3.0 F40A = FEFE A|l33it)) o)A A4d

HTHP A1 &%= Carrier Aggregation WU &S o] &30 AE2] YEQ Il EgrHh

LTE 800

E NN NN ENNE RN

LTE
P2P
Modulator

CH 30 (546
MHz)
i
il E ;ﬂ l
g . (LTE-# T2 base data | 4 T2 base data l -
]
Hybrid l 1 E
Modulator =

12 8. TOoL+ &4 ASE

Tower Overlay 7]&-8 @A) A 1}2]9} o]ghgo} Aosta Valley?] HAE FEojA AWM A @ THtd 4

A s ds ol

Ofx|o

SEH2 UHD 337 874 Foln] FAHoA = UHD #42] 9A SEN 15 Algdo] gl ujet a7
T 9 7 ARG Hish B S & 59 o3 et 87E Ao R BZET d2jsh oA o W8Tt 2
o A Aul iH7]491S U0 2 &l RF B3 18-9] 7|37} B2 Wol AlZE oW s}

npAEro &2 A4S 0&9] 735 AlgalFal Wi En St e e BEA R TAke] g Attt @
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7I= HiojE] &3 (X = FE, $47| E8)

A&t $417] ARIL FEL4E Aol AaE AT 4 Jlenz e Fo8 YU A%E A

g, e 4K, Xlﬁ‘?ﬂ TH(E, 24, BAL 2, 85 5), 7Y, TR 5 s AleE L, AlEeE o]
BleAs =

Axtoll 2Q%= AJzto] A

= Maps (essential) = Maps (nice to have)
= Map selection: Topo data, morpho data * Map Street map, population map, ity map
= The 1 should be 100 m, better 50 m e

(=T
| e Dt <]

Moo b
Mo, 10T e (100
Comuniics
Pogul. 1500 Gommary

g F= A= YH7 Y QIRUE K=

Aes1A AAd ok shuct Es] AHESa] AAlo] 928 £47]9] FEE 100myt
FA o] ] Wi 7] whizof mi- F=of QA AAsfopt YUt SAV7E AAE e
[e) 2

E%EO =1
T2 W3 ABste] A AL ARG BT GeHE] A 2 i 750] glo] 1S HeHUTh S
o] 0], QEL} WAL, Zh, 2, Foka 5 DBol 8 W Qe Algeo| dnitt Wa s $417]% 2

* Transmitter data = Transmitter data quality
= Import GOGD Plan assignments and allotments

&47| Y22 DBoj|

AEZ0]M d 8

AW A B, FPAY sk, Fb « User defined area

2 Al = ABH o)A BRo) u} = Define desired area Planning araa“

o AAe G Agshor gyt
712 AR ofet AREPo

2 498 49T 4 Qg
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= Network Processor — Planning parameter

Limitation of receiver . :
skl it |2 Method for the combination
Height loss i Mol kot vl PN Id (o 8PN 1d of the different signals
Resui Fies | | Scng |  Tenan | ETs1
Caloulation Pasameter

Required 50%loc. FST

Assumed distribution

e, v
EainlLock) [ZB000  dByv/m work Sun. [T LopHomnal / Receiving condition

Height Logs 0000 o8 I7 disable Inkeal. Sum Powes Sum -
in the pixel (location) T P— V-
ol iy i et = Model for receiver
Location probability p LocFob [@E % R0 @ Recwosme [Manfoom ] e synchronisation

Required equivalent FST --.-—.*Eme\uv [555 dawvim Guadinery.  [OVBSym =] Show |

for desired loc. probability - Banidn [BMR: <] T2System Deline |

1B0AM 273 8K 14 PP ﬁﬂ@um‘-
s jon Discr. Tg [2240 us To |00 . — T2 System

Antenna/Polarization "] o o BT w1 [T T
» ol

Discrimination on/off ———
Defenh Colc. + Anaysis | [_anobsis | cancel |

Bandwidth I~ AnternaDiree [ from TX

User protection ratios
(LSProtectionRatio.xls)
on/off

AlE2{01d ni2to|E 2 &t

* System variant (Modulation scheme / Code rate / PP) « Reception mode CETTE—
» Trade off between data rate, robustness and minimum field strength « Fixed e S gt s 2
= Designator (FFT and Guard interval ) & Portable lidoai ""c.':_""...:' ==
LS P ET e ¥
= Trade off between SFN network size, Doppler effects and guard « Portable outdoor i [T e
e L LT
T e —— oo : * Mobile outdoor L [ e
pioed e . N
e Lt — * Mobile inside — e
o B | S TRy - B
R an  — ot T
e 2 [ T— 3= ;u«!_l o
- Sy o S — e Tonout [R5
et e o g (PR o B
e \ - 1 feme [ e
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22AE 49 3 =AEHE MY 5t
AlEd|0|M " !\letwork Processor — Results ‘
DVB-T2 - Network Analysis (=
glole] © 7} dlalnle] AAo] nt o2 ;
o1 A=} wepule dgo] B o & reference T marked with SFN 1d D__M1 a1 G30.000 MHz
g A B oS AZs L) o AlE | ownric| ColPuam| _Sosing | _Teman |
FResult Files
s 113
Eﬂ ol d F&o| ute} 01111 AIE AL % SFN Cov, Level # SFH Best Sevver (G20 ¥ Max Server
% SFN Inteit. Level ¥ SFN Beat Level (CA0) [ Max Level
7o A EHsL 2 0]
‘lx] -1 )"1 L]E}- ¥ Ceover. Res. (CA) [V SFM Level Gain ¥ Mo of Max Server
[# Covar. Prababilty W SFM Covetace Iv Stendy Sum Laval
¥ Tropo' Sum Level
¥ Piob. [SFN Cov. Lev.) P Mo, of usable TX
% Sigma (SFN Cov. Lev) W SingheCoveiCouint ¥ st Inver,
¥ SFN Rec. Power Ve, W Locked T Index
¥ Coverage Margin
I Calculste sepaate CA resuls
Rl -Prafc v W Show N Proc. Rasults
Cac +Analpsis | | Anabeis | Cancel
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= Network Optimization
= Tool tips
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= Population analyse HE-P |
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