ETSI TR 101 290 vi.4.1 o20-06)

& >3

TECHNICAL REPORT

Digital Video Broadcasting (DVB);
Measurement guidelines for DVB systems

EBU L\3



2 ETSI TR 101 290 V1.4.1 (2020-06)

Reference
RTR/JTC-DVB-389

Keywords
broadcasting, digital, DVB, TV, video

ETSI

650 Route des Lucioles
F-06921 Sophia Antipolis Cedex - FRANCE

Tel.: +334 9294 42 00 Fax: +33 493 65 47 16

Siret N° 348 623 562 00017 - NAF 742 C
Association a but non lucratif enregistrée a la
Sous-Préfecture de Grasse (06) N° 7803/88

Important notice

The present document can be downloaded from:
http://www.etsi.org/standards-search

The present document may be made available in electronic versions and/or in print. The content of any electronic and/or
print versions of the present document shall not be modified without the prior written authorization of ETSI. In case of any
existing or perceived difference in contents between such versions and/or in print, the prevailing version of an ETSI
deliverable is the one made publicly available in PDF format at www.etsi.org/deliver.

Users of the present document should be aware that the document may be subject to revision or change of status.
Information on the current status of this and other ETSI documents is available at
https://portal.etsi.org/TB/ETSIDeliverableStatus.aspx

If you find errors in the present document, please send your comment to one of the following services:
https://portal.etsi.org/People/CommiteeSupportStaff.aspx

Copyright Notification

No part may be reproduced or utilized in any form or by any means, electronic or mechanical, including photocopying
and microfilm except as authorized by written permission of ETSI.
The content of the PDF version shall not be modified without the written authorization of ETSI.
The copyright and the foregoing restriction extend to reproduction in all media.

© ETSI 2020.
© European Broadcasting Union 2020.
All rights reserved.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are trademarks of ETSI registered for the benefit of its Members.
3GPP™ and LTE™ are trademarks of ETSI registered for the benefit of its Members and
of the 3GPP Organizational Partners.
oneM2M™ |ogo is a trademark of ETSI registered for the benefit of its Members and
of the oneM2M Partners.
GSM® and the GSM logo are trademarks registered and owned by the GSM Association.

ETSI


http://www.etsi.org/standards-search
http://www.etsi.org/deliver
https://portal.etsi.org/TB/ETSIDeliverableStatus.aspx
https://portal.etsi.org/People/CommiteeSupportStaff.aspx

3 ETSI TR 101 290 V1.4.1 (2020-06)

Contents

Intellectual Property RIGNES.... ..ot s e nne b nre s 11
01 Yo (o SRS 11
Modal VErDS tEMINOIOGY.......ccveeeeciiciecie ettt e s teeaa et e s be e b e sbe e s e sreeseetesteenaensesreensenneens 11
1 o010 12
2 L= £ 101 SRS 12
21 NOIMBLIVE FEFEIENCES .....eeeeeieeieeie ettt sttt a et et e e st eebe s et et e eseeaeenee s eneeseeebesaeeaeeneeeeaeeseesseeneeneeneaneeses 12
22 INfOrMELIVE FEFEIENCES. ... ettt ettt e et e beseeebe s et eae e e e neesteseeeeeeneeneeeeneees 12
3 Definition of terms, symbols and abbreviations.............cceeciiieieci e 14
31 1= 10 PP TSP PRSP 14
3.2 Y 1210 OSSR 14
3.3 ADDIEVIBLIONS ...ttt bbb e se ke sh e b e e h e e ae e s e e ne e b e eReeh e e Re e b e e e bt bt eneene e e enne e 15
4 LT 0T - S S 18
5 Measurement and analysis of the MPEG-2 Transport Sream ...........eceeveieeiieiicieesieceesee e s 20
51 LT 0T P RRSSRP 20
5.2 List of parameters recommended fOr eValUation .............ocveieiie e 20
520 11 C0o (0o (o] o FOO USROS U PPTURURURPRRIN 20
521 First priority: necessary for de-codability (basic Monitoring) ........cccccvecvveieenecseeceee e 22
5.2.2 Second priority: recommended for continuous or Periodic MONITOIING .........cervereereeeeee e 23
523 Third priority: application dependant MONITOTING..........cviierieriee e neees 25
5.3 Measurement of MPEG-2 Transport Streams in NEIWOTKS.........ocveieeieeie e e seeste et eee et ee e s 30
531 11 0o 1 ') o USSP RRSRS 30
532 System clock and PCR MEBSUNEIMENTS. .......c.ciiriiieterieiete ettt sre st sb e e sbe e s e ebe b snenens 30
5321 Reference model for system clock and PCR MEBSUIEIMENLS .........c.evirieererieine e seeeenens 30
5322 M EASUrEMENT AESCIIPLIONS. ......ccueitieiteriee ettt sttt ettt b e b e bt b se bt s bt b e sbe e ebesrennenea 31
5323 Program Clock Reference - Frequency OffSet PCR_FO.......ccoiiiiiiiineec e 32
5324 Program Clock Reference — Drift RA& PCR_DR ......cc.coiiiiiiiiieesie ettt esbe e 32
5.3.25 Program Clock Reference - Overall Jitter PCR_OJ.......ccvoiiieie ettt 32
5.3.2.6 Program Clock Reference — ACCUraCy PCR_AC .........oo ittt 33
533 BiLrate MEASUIEIMIENL ........eeeitite ettt ettt sttt ettt bbb st s e e e e b e seeeb e s bt ehees e e e ese e e e seenbesbesbe e e ennennea 33
5.3.3.0 LC T o1 - TSRS 33
5331 Bitrate measurement algOrthM ..........coce e et nnes 33
5.3.3.2 Preferred values for Bitrate MEasUreMENt ...........eoeerieierere ettt se e eesee e e eneeneens 34
5.3.33 [N o000 = (= SRR 35
534 Consistency Of iNfOrMBaLioN CRECK ...........coiiiiiiiee e b e b e seene 36
5.34.0 LT 07 | PO 36
5341 Transport_Stream ID CRECK .......oo.ooiiie e et ne e 36
535 TS parametersin transmission systems with reduced Sl data...........cceoevereinineinene e 36
54 Measurement of availability at MPEG-2 Transport Stream [eVE] ...........ocvecieiieie e 37
55 Evaluation of service performance by combination of TS related parameters........cccoccvveveevecce e seeeeen 38
5.6 Parameters for Cl related appliCatiONS..........ccvecuieieriisie et esre et e e re e reeeeeneeenes 38
5.6.0 11 d0e (0o (o] o FOO TS PRSP URTURURPSRIN 38
5.6.1 [ = 008V SRS 39
5.6.2 Cl_mOodule_delay Vari@tion............cceeieeieeieiie e st esteesteeee st e s e e e stesaeseesreesaeesseensessaessaasseesseesseesesneesnns 40
56.3 I NPUE_OULPUL_T'S COMPAITSON. ......eteteeeiesteseeie sttt st et sttt se et sb e et sb e bt b e et e b b et e b e se et ebe s b et ebe b 40
564 Cl_MOAUIE_thIrOUGNPUL .......ceeiveieeieete ettt et b e et eb bt b e b b ne b b neenea 40
5.6.5 RV o I IS X o o 1 SR 40
6 Common parameters for satellite and cable transmission Media.........coovvvvereneneneneree e 41
6.1 YL T V7 T =o)L S SSSSS 41
6.2 (I 010G Y= T = T T 41
6.3 BER DEfOrE RS UECOUEY ... .ottt bttt et b ettt e et bt b neene e e e e e 42
6.3.0 [ 0o [0 (o] o FEO TSP S O PPURTURURPSRIN 42
6.3.1 OUL OF SBIVICR. ...ttt bt bt e bbbt e bt e he e s s e e e b e sbeeh e e b e e bt eh e e ae e s e besbeebesneennennennas 42
6.3.2 TR VT ol P RRN 42

ETSI



6.4
6.5
6.6
6.7
6.8
6.9
6.9.1
6.9.2
6.9.3
6.9.4
6.9.5
6.9.6
6.9.7
6.9.8
6.9.9
6.9.10
6.10

7
7.0
7.1
7.2
7.3
74
7.5
7.6
7.7
7.8

8

8.1
8.2
8.3

9

9.0
9.1
9.1.0
911
912
9.13
9.2
9.3
9.4
9.5
9.6
9.7
9.8
9.9
9.9.0
9.9.1
9.10
9.11
9.12
9.13
9.14
9.15
9.16
9.16.0
9.16.1
9.16.2
9.17
9.18

4 ETSI TR 101 290 V1.4.1 (2020-06)

S do = V= 01 ] oo o [ oo H OO TTE O STEOPUTPERPTRRRR 42
Transmitter symbol clOCK Jitter @nd BCCUIACY .........cuiiriiirieieeierie ettt et s b e e eb e ene 43
RIF/TF SIONEI POWES ...ttt ettt ettt bbb bbbt b e bt b e e bt s e st bt e e e bt b e e nb e e enenns 43
INOTSE POWVET ...ttt ekttt etttk b bbbt bbb s b8 e e s £ b2 ek £ b e e h b e e ek E e e e b e b e s e st e bt s e st bt e e eb e e e e ens 43
Bit ©TOr COUNE @FEN RS ... ..ottt ettt et a et e e s e et e s besaeese et ene e e e neeseeseesaeeneeneeeeneeses 43
L@ IS T = 7= Y 44
11 d0e (0o (o] o FOO TS PRSP URTURURPSRIN 44
Modulation Error Ratio (MER) .........cociiieiice ettt et e ae st eeteennnsneesnes 45
System Target Error (STE) (VOIT) .euvveieeieiie ettt ste s e s et be e e este st e e eteenensneesnes 45

L@ a1 B0 0] T o) o 45
AMPLLUAE IMDEIBNCE (AL ...ttt b et e e b e 46
QUAIALUFE EFTOr (QE) ...veeeuiiteieeiiete ettt sttt sttt st eb et eb e et b e et b e et b e seese b e sb e e ebesbe e ebeebennenea 47
Residual Target Error (RTE) .....coucioeieiee ettt sttt sttt b e et eb e 47
(@01 =0 QT 1L = SO 47
PEASE JIEEE (PJ). vttt et ettt b et b e e h e bbbt bRt b et bbb n e 48
Signal-to-NOiSE RELIO (SNR) ....ueiiiiitiieeiete bbbt b e bbb nnenea 49

T g = g oS PP STOSPP 49
Cable SPECITIC MEASUIEIMIENLS ........ceviieeetee ettt b bbb b s e e b e nnenn e 50
(T go0 W 1ol BTSSP PR USSP 50
N[ = 0o T o 50
EStimMated NOISE MAIGIN ... .c.eiviieeiiitereeieet ettt e e sb et s b e s bbb bbb s b e s e bt s bt e e s e bt e e e e bt nn e e ens 50
SigNal QUAITEY MEAIGIN TESE ... .ottt ettt b e b e et bbb bt nb e b 50
Equivalent Noise Degradation (END).........cccoociiieiiiierieei et s 51
2 Y o TR 52
Phase NOISE Of R CAITIEY ..ottt e et et et eae e e e e e seeseesbesneeneeeeneees 52
Amplitude, phase and impulse response of the channel ..o 52
OUL OF DAND EIMIESSIONS ...ttt ettt s et s et bt b e s ae e s e e e e s e besaeeb e e Rt ehe e e e s e nbesbeebesneeneeneennas 52
Satellite SPECITIC MEASUNEIMIENTS.........eveeiieeee ettt sb bt bbb e s et er e b nnenn e 53
BER before Viterbi deCOUING .......ccvveiieeiie e sttt et se e s ae et et e sneesreessaesseesseeseeneeenennnns 53
RECEIVE BER VS, Ep/N(. .. neeieiiiie ittt ettt e a et e s e e te s tesae e bt e neen e e e e eesaeseeeaeeneeneeneeneenes 53
T SPECETUML ... s e s e e e e e e s b s e sae e sh e e sr e e s re e sn e s ene s e e sae e 54
M easurements specific for aterrestrial (DVB-T) SYStEM........cccoiiicie e 54
(T goo W 1T oo BTSSP PP USSP 54
RF freqQUENCY MEBSUIEIMENTS .......eeteeieeieeieseesee st esteete e e e eseastee e e e estesseesaeesaeesseenseanseaseesseessensseessensesnsennessnes 56
GBINENEL ...t e b h bR R R R k£ e e e R e R R e Rt e Rt ekt et et e bR e ebesaeenne e enres 56
RF frequency aCCUraCy (PrECISION) ........oiieiieieeei e steesees e e te e e see e s esaeesseeaeesaeesaessaestaesseenseensesneesneennes 56

RF channel width (Sampling FrequenCy ACCUIBCY) .......cueieeieeieerieeeeseeseesteesteeaesaessaesteessees e ssesessneesnes 56
Symbol Length measurement at RF (Guard Interval verification)........cccccvecviieeseece e 57
SEECLIVITY ..ttt b et b bt b e E e bR bR Rt AR bRt R e R Rt h e Rt b et nr e r e 57
AFC CAPEUIE FBINGE. ...ttt sttt ettt r st et e b et e e e e s et R e sb e R e aeeae e e e ne e R e ne e e Rt e st e s e e e e r e e reebeenn e e e ne e 57
Phase noise of LOCAl OSCHIALOIS (LO).....c.ciirieiriirieiriirieesiesie sttt st s 58
RIF/TF SIONEI POWES ...ttt ettt b et b e b bbbt b e bt b e e eb e s e bt e bt e e e bt e e nb e e e ens 59
INOTSE POWVET ...ttt ekttt bbbkt e ekt bt e b b e e b8t E ek b2 ek h £ s e h b e ek R e e R e b e s e h e bt b e ne e bt b e e nb e e e e ens 59
= 1010 N I o= 1 59
Receiver sensitivity/dynamic range for a Gaussian Channel............cccoveeveevi e seseesee e 59
Equivalent Noise Degradation (END) .........ccciiiiiieiieie et se et ste et st ete e e ete e seeaesneennes 60
GBINENEL ...t b e h e h e e R AR R R £ e e e R e R SR e Rt eheehe et e b e bR e eheeneene e nres 60
Equivalent NOISE FIOON (ENF) ......ooieeiie ettt s st esr et e b e e teeteenneeneennes 60
Linearity characterization (Shoulder attenUaLION) ..........ccvecveieeirieseeie e s ee e e sre e e e e e e e reeeeens 61
POWET EFfICIENCY ...ttt bbbt bbb et b bbbt b e bt b e et nb e n e 61
(0001 (= 0 QT 01 (= (= SRS 61
BER vs. C/N ratio by variation Of tranSmitter POWES ..ot 61
BER vs. C/N ratio by variation of Gaussian NOISE POWEY ..........cceririeererieerieieesiesee s 62
BER before Viterbi (iNNEr) dBCOUEY ........c.oiuiieiriiceree bbb 62
BER DEfOre RS (OULEF) AECOUET ........couieiieeiireeeet ettt bbbt 62
GBINENAL ...t bt e bR R R £ E e R e R e SRR e Rt Rt R e et e R e bR e ebeeneene e s enras 62
OUL OF SEIVICE ...ttt ettt h et e e e s et b e sh e eb e s Rt e b e e ae e s s e e e se e ke sb e eb e e bt eae e e e as e besheebe s st ene e s ennas 63

S = oV o TP U RO PR URTURURPRRN 63
BER after RS (outer) decoder (Bit €TOr COUNL).........cuiiiuiiierieiieseesieesteeeeeeesseesteesreesee e enseeeesseesseesseenseensenns 63
L@ T = 7= Y 63

ETSI



5 ETSI TR 101 290 V1.4.1 (2020-06)

9.18.1 11 0o 1 oo TSP 63
9.18.2 Modulation Error Ratio (MER) ........cieiiiiieeste ettt bbb 65
9.18.3 System Target Error (STE) (VOIA) ...c.coueiiieiiiieeenie ettt ettt sb e e b e e besne s 65
9.184 Carrier SUPPIESSION (CF) ...eueitieeueitereeterte sttt sttt sttt b e et bt s b e b sb et e b e s b e e ebesb e e et e sbe e ebesbe e ebesbennenen 65
9.185 AMPLLUAE IMDBIBNCE (AL ...ttt b et b e b 66
9.18.6 (O 0= o [z (U= = (o) (] = OSSPSR 67
9.18.7 PHESE JIHEEN (PJ)....veireeereireeee ettt et 68
9.19 (@Y= = LIS T 7= 0 = - SRS 69
9.20 ST NV 0t 010 14 1o ] o SRS 70
9.20.1 T (T 01T = (S 70
9.20.2 IMIP_SITUCTUNE _BITOT ...ttt ettt ettt b et se e bt e s ae e e be e e aae e e ah e e e s an e e aan e e ameeennreesmneesnreeenneenares 71
9.20.3 MIP_IESENCE BTN ... ..ottt s e e s e e e e e e e s e e sr e e s b e e s a e e e s ne e s sae e 71
9.204 Y ool g 10 G = 1 (] SO PSRV UR PR 71
9.20.5 MIP_PDETOTICITY _EITOF ...ttt ettt b e et b et b e bbbt e b e s b et b b et b b 72
9.20.6 Y L S = (ST = £ (] (TSP UR T PRPRPR 72
9.21 SYStEM EFTOr PEITOMMANCE ...ttt et et b e bbbt b e bbbt nb e b 73
10 Recommendations for the measurement of delaysin DVB Systems..........cccccoveveeveieccesesee s 73
11  Measurementsfor the second generation terrestrial (DVB-T2) SyStem........cccevevenieieeieienieseneseneenes 73
111 gL 0o 1 1 o o RS 73
11.2 Measurements at the DVB-T2 Modulator Interface (T2-MI) ... 74
11.21 11 0o 1 o TP 74
11.2.2 Measurements of the syntax of T2 MI PACKELS.........ooeiiiiriiiiire e 75
11221 T2MI_PACKEL TYPE EITOF L ...ttt b bbbt b e ae b e e 75
11.2.2.2 LI = 0 G N L = o (2 76
11.2.2.3 I o= G oo LU | = g ) 76
11224 QI O O = o TSRS 76
11.2.25 QLI o 7= [ = = o 76
11.2.2.6 T2MI_PIP_ NUM_DIOCKS EITON ...ttt et e et teeteeneeeneeenes 76
11.2.2.7 RPN = 0TS 4 TES S Lo g T o U= = (o] 77
11.2.2.8 T2MI_DVB-T2 _TIMESLAIMD B TON ... eiiueieieterieeteeeeeeteseestesseeseseeeeseessestesaeesesneesseseessessessessesseeneensenses 77
11.2.2.9 T2MI_DVB-T2_Timestamp_diSCONtINUITY ........ceeerieiereineie et eeneeneas 77
11.2.2.10 T2MI_T2 frame [ENGEN ETON ..ottt e b see st eneeneeneas 77
11.2.3 Checks on the T2-MI MIP (Modulator Information PaCKeL) ...........ccereirireienineeseneeeseseee e 77
11.23.1 T2MI_MIP _tiMESAMP_EITOF ..e.veieeeteeieeiesee sttt ettt st e eeseeseesee e eseese e tesaesbesseeseeneensentessestesneeneeneenees 77
11.2.3.2 T2MI_MIP_individual _addreSSING_EITOF .......cieeieereeie e eie e see s e steeseeesaeeaeesaesseesseesseesseessesneesneesnes 77
11.2.3.3 T2MI_MIP_CONLINUITY _BITOF ...iteetiesieeiteeiteeteses st e st et e et eete e e e saeesaeesseenteesteensesneesnansseensesneesneesnes 78
11.2.34 T2MI_MIP_CRC _EITO....c.ecuiitieciirtiseeesteseee sttt r et r et r e n e r e renn s 78
11.2.4 Check on consistency of T2-MI signalling infOrmation ............ccceveeiiereice e 78
11.24.1 T2MI_bandwidth_CONSISLENCY _EITON ......cceeieeieee e ettt ae e e e et e e teeneeneesneennes 78
11.24.2 T2MI_DVB-T2_Timestamp_leap _SECONA_ TN ........ccvecueeieeie e see s e see e e eee e e e eesaeeee e e 78
11.25 Measurements at T2-MI tranSPOIT TAYEN........cccciiirieiieee et bbb 78
11251 Encapsulation of T2-M1 packetsinto MPEG-2 TS (ASI) SLrEaMS. .......coeerereeerieneeesereeeesieseeiesieneenens 78
11.25.1.0 (€7 1 ORI 78
112511 Parameters relevant to transport of T2-MI packets over MPEG-2 TS.......cccooiinininnienieeneeenes 79
112512 [NFOIMELIVE PAIAIMELETS. ... civeieeieitereeeet sttt ettt sttt et b et b b e bt b e e bt bese e st b eeebesee e ebesbennenens 79
11.251.3 [NEEGITLY PAIAIMELEIS. .....eeeeeeteieee ettt ettt ettt b e et b et b e e bt b e sa st bese e st b e e ebesb e e ebesbeneeneas 79
11.25.2 Encapsulation of T2-MI packetSinto [P SrEAMIS ..........oceviieiieieeiece et 80
11.25.2.1 Parameters relevant to transport of T2-MI packetS OVEr I1P........ccoccvveveeie e 80
11.3 Measurements for DVB-T2 Dasaling SYSLEIM........ccueiieiiie ettt saeesne e reeneens 82
11.3.0 LCT= 0T = TSP PSP O SPR PRSPPI 82
1131 RF MEBSUMEIMENLS.......cuiiiiiiiiiiie s b e r e s b b n e e 85
11.31.0 LT 01 SRRSO 85
11311 RF fIEQUENCY BCCUIACY ....c.vieeeiitereeieete sttt sttt sttt b e et a e eb e b e e bt sb e st e bt sbeseebesbe e ebesbe e ebesbenneneas 85
11.3.1.2 RF occupied Dan0WIiaEN. ..o e st b e b e 85
11.32 SEECTIVITY .ottt ettt e b et b e e h bt ek bt s e e b b e e bt b et bt sh e e bt R et eb e b e e be b e neenea 85
11.33 AFC CAPIUIE FBINGE. ...ttt ittt sttt et e e r e r e sr e b e et s e e e r e e e e er e eb e s et e s e e e e n e e e sr e ereseeeneenenre e 86
11.34 Phase noise of LOCAl OSCIHIAIOIS (LO) .....cueiviieeirieieierieeeie sttt sttt 86
11.35 L AL 7= o0 LY 86
11.3.6 B O (oI o o1 = gl = (o P 86
11.3.7 NN T TES = o011 P 87

ETSI



6 ETSI TR 101 290 V1.4.1 (2020-06)

11.38 RF AN TF SPECITUML ...ttt et b et b et b e bt b e s et b e et b bt b b 87
11.39 Receiver sensitivity/dynamic range for a Gaussian Channel ..o 87
11.3.10 Linearity characterization (Shoulder attenUaLion) ...........ccoeererieireneeinereee e 88
11.3.11 POWEY EFfICIENCY ..ttt et bbbt b e et b e et b et b e et b e 89
11.3.12 PAPR EffECL ...ttt et st b e et e et e e et eae e e be e be et e aeeeheeete e be e beereereenreeaes 89
11.3.13 Y0 oo o = = 90
11.3.14 BER before LDPC (INNEI) DECOUET ........cc.eeiue e e ctee ettt et ae s ae e ste e teetesneesneennes 90
11.3.15 NUMDEr Of LDPC ITEIAIONS...... .o iteitieiieiieieeie sttt sttt b e bt sbe e e et se et sbesb e s e enneneen 0
11.3.16 BER before BCH (OULEN) AECOUEN .........coieeiieie e cieesttes ettt sae et e e st e te e be e e enteennesnnennes 91
11.3.17 Baseband Frame Error RAEE BBFER .........cc.ooiiiiiiiiieeee sttt s s sb e e 91
11.3.18 Errored SECONA Ratio ESR ........oiiiiiiiieeee ettt sttt e et e e e e b sneebe e e eneeneea 91
11.3.19 [Q SIGNAI @NAIYSIS. ...ccveeiiitereee ettt et b et b bbb e b et b et b et b n e 91
11.3.191 100 1 1 o o PR 91
11.3.19.2 Modulation Error Ratio (MER) ........c.oiiiiiiieeneeee sttt eb e 92
11.3.19.3 Signal to Interference NOiSe Ratio (SINR).....cc.oiiiiiiieeee s 93
11.3.194 Carrier SUPPIESSION (CS) ...eeviruieererieieiertere ettt sttt ettt b e et b et b e e e bt e e bt sb s e st bt e e b nn e ens 93
11.3.19.5 (O T g T s oY (1 o) TSRS 93
11.3.19.6 AMPlitude IMBAIANCE (AL ..ottt e e et e e te e teseesreesneesneeseensenns 94
11.3.19.7 (@ U= = (U= g o g (@] = U 95
11.3.20 S NV 00t 01 0] 1= (o) OSSPSR 96
11.3.21 IS T 7= 1 T 0T = (o P 96
11.3.22 RMS Delay-Spreat (RMS-DS).....ccciiieirierieie ettt sttt st st sae e s be et st st e e sbessenees 96
11.3.23 Maximum EXCESS DElAY (MED)........cooiiiiieieieieeeeie ettt sttt 97
11.3.24 Receiver Buffer Model (RBM) Validation TESL.........cciiieiriieciereee et 97
11.3.25 Relative power level during the non-P1 part of the FEF (RLF_NON_PL)........ccoviirininiinereeseseee e 97
12 Measurements for the second generation cable system (DVB-C2)........cccceveieeieiiceecececce e 97
121 FpLugoTo (W 1o o BTSSP PR URUSTOSPP 97
12.2 Measurements for DV B-C2 Daseling SYSIEM........ccveiieiiee ettt s ae e e e saeesne e reeneeens 99
12.2.0 (=0T o SO PS PPN 99
1221 RF MEESUMEIMENES. ...ttt sttt ettt s e s e s he e sae e n e e n e ean e e s e e sb e e nbe e s b e e reeaneeneenneenes 99
12.2.1.0 LC T o1 - TSR 99
12211 RF fIEQUENCY BCCUIACY ....c.vieeuiiteieeieste sttt sttt ettt b e st b e et b e bbbt bt s et b s b et e b b 100
12212 RF SBMPIING FIEOUENCY ...ttt ettt sttt 100
1222 AFC CAPIUIE FBINGE. ...ttt sttt sttt s et r bbbt e e e e e r e e Rt e Rt R et e e e e e r e resr e erenaeesnenneanes 101
12.2.3 Phase noise of LOCAl OSCIIAIOrS (LO) .....c.viuirieeeirieieiesieesesiee ettt bbb 101
1224 RF/TF SIQN@I POWES ...ttt bbb et b et b et b bbb 101
12.25 INOTSE POWES ...ttt ettt s et et b bbb bt E e bt b e b b e b e he b e b e s e e b b et e b e e e bt e b e e et e b e b et e b e b e 102
12.2.6 = 010 I oo 1 USSR 102
12.2.7 Receiver sensitivity/dynamic range for a Gaussian Channel ............cccevveeeeieceesee s 102
12.2.8 Linearity characterization (shoulder attenUaLion) ...........ccccceereerieieeie e nreeneens 102
12.2.9 BER before LDPC (INNEI) AECOUEY ..........coieerieeieeie e eieseeseesteeste e e etessaesseassaestaesseesseesesnaesneesaeensesnsenns 103
12.2.10 NUMDEN Of LDPC ITEIAIONS........eiveieieiieiieeeie sttt e e b bt e et e e sn b bt e ne e e e 103
12211 BER before BCH (OULES) JECOUEN .....c..oeeuiriiieeerteiet ettt 103
12.2.12 Baseband Frame Error RAEE@ BBFER ..ottt sttt s e e e 103
12.2.13 [Q SIGNAI @NAIYSIS. ...ttt bbbt h b et bbb ne e 104
12.2.131 g1 0o 1 o o S 104
12.2.13.2 Modulation Error Ratio (MER) ..ot 105
122133 AMPLIUAE TMDEIBNCE (AD) ..ot bbbt b e b e 106
12.2.134 L@ Ur=Te = (U= o (] = OSSP 107
12.2.14 IS o 7= 1 T 0T = o OSSR 107
12.2.15 Receiver Buffer Assumptions (RBA) validation teSt..........cccvveiieiieiecesee et 107
Annex A: General measur ement MELNOAS ........cooiiiriii e 108
Nt | 11 0o [ o o SR 108
A2 NUIl PACKEL EFINITION. ...t r et nenn e s 108
A.3 Description of the procedure for "Estimated Noise Margin" by applying statistical analysis on the

(000 g IS 1= | = (g I = TSRS 109
A.4  Set-up for RF phase noise measurements using a SPeCtrum analySer ..........ccceoeeerenereseseeseeneeseeneenns 110

ETSI



7 ETSI TR 101 290 V1.4.1 (2020-06)

A.5 Amplitude, phase and impulse response of the chann€l ..., 111
A6 OUL Of DANA BMISSIONS........coiiiiiee e et st be e e s tesae e besae e s ensesteeaeesresreenes 112
Annex B: Examplesfor test set-upsfor satdlite and cable systems........ccccceveevevececce s, 113
2 30 T [ g 0o 1 ot o o S 113
B.1  System availability ......cccoiiiiee e et et e e e enes 113
2 T2 I 101 Q= Y7 11 =1 o 1 11 S 113
B.3 BERDEOrERS ...t et e r e ae e re e e beere e reareeeesreenes 113
B.3.0 LT 07 113
B.3.1 OUL OF SEIVICE MEASUMEITIENL .......eveeieesieesieeeeseeseeseeesteesteeseesseesseeteetesssesseesseesseeseanseasseaseessenssesssessseenseenseanes 114
B.3.2 RS Vel g Tc Sl =0 01 | USSR 114
B4 EVENT EITON |OQGING. ¢.+tttttteteteteiieiet sttt s ettt s st b et e s e e e e e st e bt e b bt nbese e e e e eseeseebeneean e e e e s 114
B.5 Transmitter symbol clock jitter and CCUIACY .........coiiuieiieiieiiese ettt 115
B.6  RF/IF SIQNAl POWE ... .ottt sttt sttt e et e st e e e st e s ae e tesbeenaestesaaestesteentesbesreensesneeneesrennes 115
2 TR A N\ o == o 1= S 115
B.7.0 GENEIAl ...ttt ettt et e e et e s sae e ebe bttt eateebeebe e be e beateaaeeeheeaheebeeteenbeeateeheeaheesheeareereenreanns 115
B.7.1 OULt Of SENVICE MEASUMEIIENL ... ..ecveeiteeiteeiteeieeeeesteesteeete et e eaeesteeste e beebeessesaeesaeesaeesseansesssessessseesteesteesseensesnseanns 116
B.7.2 [N SEIVICE MEBSUIEIMENT ...ttt e et ee e este e s te e be e beebeeateeseesbeesbeesbeessesnsesasesaeesseenseenteensesssesseesraesanes 116
I T = g 0= g s TS 116
B.9  1/Q SIGNal BNAIYSIS.....ceitieeieiee ettt ne b e e s 116
B.10 Service data rate MEBSUMEMIENL .........ueeiiieiee e cieeiteesteesteeseesteste e steesaeesaeesateste e teessessaeesnsesnessnsesnsennsen 117
2 30 A N o TS = o 7= o RS 117
0 O T T 0 | 117
0 I R = ox0 T .40 T= 0 L= 0 = [0 1= o1 117
B.11.2  RemMarkS @and PrECAULIONS. ..........cciieieeieeiieieeseestees e ete e e eseesseesseesseesseesseenseasssassesseeseestessansseesseessensseensessnsnes 118
0 TG T IV = Sl = 0= L o 000 (1 118
B.12 Equivalent Noise Degradation (END)...........cciiiirinieneieieisese st 119
B.13 BER VS. Ei/N0...iiticieiiectiesie ettt sttt sttt st st e et s ae et e st e ene e testeenteeaeere e tesreennenresneenns 119
B.14 EQUalizer SPECITICAIION .......ccuiiieeie ettt ettt e st esbe s reetesaeere e s e sreeneesresneenns 119
B.15 BER before Viterhi deCOUING .........coueieiriiiiriesie ettt 121
B.16 RECAVEBER VS, E/N0...cciiiiiceieti ettt st st sttt e e enaesbesteenaesaesreentesneennestesnneneas 121
A = o= o 1 1 [ PSS SPPR 121
Annex C: Measurement parameter defiNitioN..........ccoci e e e 122
C.1 Definition of VECtor ErrOr MEASUIES...........cceeiuiiiieeiieiiesie st eiee st eee e sreesaestesseestesreensesreeneesaesneensesneens 122
C.2 Comparison between MER N0 EVIM .........cooiiiieieiiee ettt sne e 122
C.3 Conclusionsregarding MER and EVIM ........c..ooi oottt st s ne e 123
Annex D: Exact values of BER vs. Ex/No for DVB-C SyStEMS........cccoiieiieicirirese e 124
Annex E: Examplesfor theterrestrial System test SEt-UPS........ccoeiereirerinenesereeeeee s 125
O T Voo [0 Tox 1 o S 125
E.l  RFTTEOUENCY BCCUICY ......eeiviiveeieiteeeeste st este st e testeste e e steeeesbesaeetesaesssestesaeessesteensesaesseesessesnsessesneenns 125
E.1.0 LT T S 125
E1l1 Frequency measurementSin DVB-T (VOIA) ....ccuiiieiiiiicsi ettt e e e nnees 125
E.1.2 Measurement iN Other CaSES (VOIT) ......veuieieiie e see st se et et e s te s ae e sreesteeteeneeenteenseeseeenaesraenanas 125
E.1.3 Calculation of the external pilots frequency when they do not have continual phase. (void) .........cccccevuee.. 126

ETSI



8 ETSI TR 101 290 V1.4.1 (2020-06)

E.1l4 Measuring the symbol length and verifying the Guard Interval (VOId) .........ccoceoerireinineinereeseneeseeeiene 126
E.15 M easuring the occupied bandwidth, and calculation of the frequency spacing and sampling frequency ......126
S = 1= ot [ YRS 127
E.3  AFC COPUME TBINGE. ... .eceeete ettt sttt e e st s r s s e s sae e e e e R e s se e neesme e resreenn e nesreenneane e e e nrennes 127
E.4 Phase noise of LOCal OSCHIEIOrS (LO).......ciuiiierieieieieieiisiesie et 127
E.4.0 LT 0T P RRSRR 127
E4.1 Practical information on phase N0iSe MEBSUNEIMENES.........coir i 128
I w1 RS 129
E.5.0 GBNENEL ...ttt b b h ke R R R R R R e e e e R e R e R e ReeReeh e e Rt e Rt e nRe b e nReeheene e e et nnen 129
ES.1 Procedure 1 (JDOWEF IMELIE) .......cceeeierieeieeieeiteseeseeseeesreesteeteesseesaeesaessaesseesseesseenseanseaseesseeseenseensesssessenssnnsaes 129
E.5.2 Procedure 2 (SPECIIUM @NEIYSEL) ..ovveiieeieereeitecetesee st e st e st te e te e e sstessaesseesaeesreesseenseenseaseesseenseenseenaesneessaesaens 130
N G N (o =] o0 1 S ST OSSPSR 130
E.6.0 LT 0T SRR 130
E.6.1 0 1o= o L1 = PR ST 130
E.6.2 0 10= o L1 = PRSP 130
E.6.3 0 1o= 0 L1 = PR ST 131
E.6.4 Measurement of Noise With & SPECIrUM @NAIYSEY ........coiiiiiie e 131
E.7  RF AN TF SPECIIUM ...ttt e et et b et n e r e 131
E.8 Receiver sensitivity/dynamic range for a Gaussian Channel ..o 132
E.9 Equivalent Noise Degradation (END).........cccoiiiriiiiiie ettt n e ene 132
E.Q.0 LT 0T PRSP TP URUPTURPSRRPTN 132
E.9.1 Description of the measurement Method fOr END ..........ocvoieiiei i 132
E.9.2 Conversion method between ENF and END ..ot sre e 134
E.10 Linearity characterization (Shoulder altenUation)............ccoererererierieieeeee s 134
O O €1 - SRR 134
00 R o ] o007 0| OSSOSO USRS 134
E.10.2  ReMAarkS and PrECAULIONS.........co.iiueuiriiieiirtiietestesee ettt b bbb bt b e e st sb e b et s b e b et b e b e 135
E.10.3  Measurement procedure (example for UHF Channel 47) ... 135
o = o T T w1 0 S 136
R B O] 1= =0 | T 1= 1 = = S 136
E.13 BERvs. C/N by variation Of tranSmitter POWES ..........cccoiriririeririerieieeeeesie s 137
E.14 BER vs. C/N by variation of Gaussian NOISE POWE ........ceeririerieriereereresessesseseessessesessessessessesseseessnnes 137
E.15 BER before Viterbi (INNEr) QECOAEN ........c.oiiiiiieieieieiesierese sttt 138
E.16 OVErall SIgNal AElAY .....cceeoeieeiese ettt sttt este s e e aesaenseeneenneeneeneesneenes 138
Annex F: Specification of test signals of DVB-T Modulator ............ccocviiiinineneieeeesesesesees 139
Nt O [ o1 0o (1o o o S 139
F.2  INPUESIONEL ... s 139
I T I c S A 0700 - S 140
e I 001 | S 140
F.5 Fileformat for interchange of Smulated data.............ccceeeieeiiiicieie e s 140
F.5.0 LT 0T TSSO P TSP PP UPTURPSRPRPN 140
F.5.1 QLK== 1o 1 11U 0] o= S 141
F.5.2 = 1o 11 a0 F= r= ) o1 = PSS 141
F.5.3 Bit ordering after iNNEN INLEITEAVEN ...........oiee e re e e te et e enaesneesraesneas 141
F.5.4 (0= g 1= =] [ or= 1o o HA O P ST U TP UPTURURRRPN 142
F.5.5 o= 1 0o O PP PSP PR URTURUSRPPRN 142
F.5.6 (00015 = | = 1o o PSSR 142
F.5.7 HIBIBICRY ...t bbbt etk h et b e e et ke s e et bt s e et eb e e b e e eb e s b e neeneebeneeneas 142

ETSI



9 ETSI TR 101 290 V1.4.1 (2020-06)

F.5.8 COAEIAELP @NA HP ...ttt et st e s ae e beebeeateeaeeebeesbeesteesbeenresnneeans 143
F.5.9 GUAIT INEEIVEL ... ..ttt et e b e et e et e s aeeebeesbeesbeeabesaeesaeesaeebeenteenseeaeesseesbaesbeesteenseenseanns 143
F.5.10  TranSmMiSSION MOOE.........ooiiiiiictieitieie et eiteeee et e e te e e te e be e beeateeaeesheesheesbeesseenseaaseeaeeeseasbeessasseesbeesbeesbeeaseensesnnennns 143
[T B R B 7 v} {04117 ST 143
[ I 070 =SSP 143
Annex G: Theoretical background information on measurement teChniques...........cccceevierenene 145
L0 1 (oo L1 e o o SRS 145
L R @ V= o1 RSN 145
G.2  RF/IF POWES ("CAITIEN™) ettt sttt b et b et n e e st b e bt bbb ebenb e an e b nenne e 145
TR I N[0 TES ] (=Y = SRS 146
(3 0T 0 o= o A S 147
G.5  C/N ratio @nd Ep/No FAHO......cveieiieieiesiesesiesie et sae e s sesressessesseseeseeseeseesessesseseensensenens 147
G.6 Practical application of the MEASUrEMENES .........cceeiiiecie e e sre e aaens 147
LT e 0! o] = TSRS 148
G.8 Signal-to-Noise Ratio (SNR) and Modulation Error Ratio (MER) ..........ccceiiiiininineneseeeeeeene 150
LT T = Y O N T 150
G.10 Error probability of Quadrature Amplitude Modulation (QAM) ......ccviieii e 151
G.11 Error probability Of QPSK ..ot nre 153
G.12 Error probability after Viterbi deCOTING.........coueiririiiiiserereeeee et 153
G.13 Error probability after RS AECOING ......ccvoivieiiiiiiece ettt st 154
G.14 BEPvs. C/N for DVB cable tranSmMiSSION..........cccceiiieeieieceese et eae et sre et s be e et sneennesreennens 155
G.15 BERvs. C/N for DVB satellite tranSmMiSSION ........cocceieiierieiieee et eee et sneenee e 155
G.16 Adding NOISELO ANOISY SIONAL ...c.veeuieiieceiece ettt a e st e et e s teereesaesbesreeseenens 157
Annex H: Yo o S 159
Annex |: PCR related MEASUN BMENTS........coiiieeresieeie ettt e st sae e eneesaesaeeneesne e 160
Annex J: Bitraterelated MEASUr EMENTS.......cci ettt st 161
B0 O 1 11 [ o o) PSSRSO 161
J11 PUrpPOSE Of DILrate MEASUIEIMENT .......ccuiitieitiiteeet ettt ettt b e et b e et b e b b e b sbeneeneas 161
J1.2 User Rate VErsUS MUITIPIEX RALE........c.eiiiiieiriiieierieet sttt 161
J1.3 USES A8 GPPITCALIONS ... ettt bbbt b bbbt b bbbt bbb st b et et eb e b e st nn e ens 163
J.2  Principles of Bit ral€ MEASUrEIMENT .........cccciiieii ettt e et s re e s re e e e st e snaestesreenaenresreas 163
J.2.0 LT T 163
J21 Gate OF WINAOW FUNCLION ...ttt st b ettt st b et e b e st e e e b e st sbesbe e e ennennens 163
J.2.2 "CONLINUOUS WINTOW" ...ttt sttt ettt sttt se et et b s bt ae et e e e besaeeb e s aeese e e e s esee e e s e nbesheebe e e enneneen 164
J.2.3 THME GBLE VAIUES: ...ttt ettt bbbttt e et b e sh e bt h e e b e e e e b e bt se e eb e Rt eb e e e et e s besbeebeeneenneneenres 164
J24 Rate measurements in atranSPOrt SITEAIM ........cccuviieiei e e e s e e nae et et eesaesraesraesnees 164
J.3  USEOf tNEMG PrOfilES. ...t 165
J.3.0 GENEIAl ..ottt ettt et e bt et et eehe e bt e beeabeeheeaheeaheeaheebeeteeaeeaaeabeeteeateeateeheesheesheeateereenreanns 165
J31 MGB1 Profile - the backwards compatible Profile............cooiiieiiiriie e 165
J.3.2 MGB2 Profile - the BasiC Ditrate Profil@..........oceeveii i 165
J33 MGB3 Profile - the precise Peak bitrale profile..........cccvceie i 165
J34 MGB4 Profile - the preCiSe Profil@.......e ittt nae e snaesnees 165
J.35 M GBS Profile - the USEr ProOfile........ccee et ettt e enaeeneesnaesnees 166
J4  Error valueS in the MEESUMEMENTS .........ooeeiiee ettt e sttt st esaeeseestesneeneeseeeneensennens 166
J4.0 GENEIAl ...ttt ettt et e e et e et e et e ehe e bt beeateehaeeheeebeeaheebeeteeaeeaaeabeeteeateeateeheesheesteeateereenreenns 166

ETSI



10 ETSI TR 101 290 V1.4.1 (2020-06)

J4.1 VY PreCi SE MEBSUINEITIENLS. ... .c.eeueiteieeieeteseete sttt st sttt sttt st se b e b e e bt s b et bt s b et e b e s b et e be st e st ebe s b e st ebesbe e ebenbe e e 167
Annex K: DVB-T channel Char aCteriStiCS........coeiueiieirireiisiesies e 168
(SO T [ g1 0o 1o o o S 168
K.1 Theoretical channel profilesfor simulations without Doppler shift..........cccoceiiiieiiiccceeceee, 168
K.2 Profilesfor realtime simulations without Doppler SNift...........ccceoeirinnineeeee e 169
K.3 Profilesfor realtime simulation with Doppler shift (mobile channel simulation)............ccccecvverenene. 170
Annex L: Themeasurement of MER UNder ACE.........coo o 171
Annex M: (271 o] FToTo o= o] o )Y /Z20 SRS 173
[ T (PO P PSP 174

ETSI



11 ETSI TR 101 290 V1.4.1 (2020-06)

Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards’, which is available from the ETS| Secretariat. Latest updates are available on the ETSI Web
server (https://ipr.etsi.org/).

Pursuant to the ETSI IPR Policy, no investigation, including I PR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

Foreword

This Technical Report (TR) has been produced by Joint Technical Committee (JTC) Broadcast of the European
Broadcasting Union (EBU), Comité Européen de Normalisation EL ECtrotechnique (CENELEC) and the European
Telecommunications Standards Institute (ETSI).

NOTE: The EBU/ETSI JTC Broadcast was established in 1990 to co-ordinate the drafting of standardsin the
specific field of broadcasting and related fields. Since 1995 the JTC Broadcast became a tripartite body
by including in the Memorandum of Understanding also CENELEC, which is responsible for the
standardization of radio and television receivers. The EBU is a professional association of broadcasting
organizations whose work includes the co-ordination of its members' activitiesin the technical, legal,
programme-making and programme-exchange domains. The EBU has active membersin about 60
countries in the European broadcasting area; its headquartersisin Geneva.

European Broadcasting Union

CH-1218 GRAND SACONNEX (Geneva)
Switzerland

Tel: +41227172111

Fax: +4122717 2481

Founded in September 1993, the DVB Project is a market-led consortium of public and private sector organizationsin
thetelevision industry. Its aim is to establish the framework for the introduction of MPEG-2 based digital television
services. Now comprising over 200 organizations from more than 25 countries around the world, DVB fosters
market-led systems, which meet the real needs, and economic circumstances, of the consumer electronics and the
broadcast industry.

Modal verbs terminology

In the present document “should", "should not", "may", "need not", "will", "will not", "can" and "cannot" areto be
interpreted as described in clause 3.2 of the ET S| Drafting Rules (Verbal forms for the expression of provisions).

"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.
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1 Scope

The present document provides guidelines for measurement in Digital Video Broadcasting (DVB) satellite, cable and
terrestrial and related digital television systems. The present document defines a number of measurement techniques,
such that the results obtained are comparable when the measurement is carried out in compliance with the appropriate
definition.

The present document uses terminology used in ETSI EN 300 421 [i.5], ETSI EN 300 429 [i.6], ETSI EN 300 468 [i.7]
and ETSI EN 300 744 [i.9] and it should be read in conjunctions with them.

2 References

2.1 Normative references

Normative references are not applicable in the present document.

2.2 Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1] ISO/IEC 13818-1 (ITU-T Recommendation H.222.0): "Information technology - Generic coding
of moving pictures and associated audio information: Systems".

[i.2] I SO/IEC 13818-4: "Information technology - Generic coding of moving pictures and associated
audio information - Part 4. Conformance testing”.

[1.3] I SO/IEC 13818-9: "Information technology - Generic coding of moving pictures and associated
audio information - Part 9: Extension for real time interface for systems decoders'.

[1.4] Void.

[i.5] ETSI EN 300 421 "Digital Video Broadcasting (DVB); Framing structure, channel coding and
modulation for 11/12 GHz satellite services".

[i.6] ETSI EN 300 429: "Digital Video Broadcasting (DVB); Framing structure, channel coding and
modulation for cable systems".

[i.7] ETSI EN 300 468: "Digital Video Broadcasting (DVB); Specification for Service Information (Sl)
in DVB systems”.

[i.8] ETSI TR 101 211: "Digital Video Broadcasting (DVB); Guidelines on implementation and usage

of Service Information (SI)".

[1.9] ETSI EN 300 744: "Digital Video Broadcasting (DVB); Framing structure, channel coding and
modulation for digital terrestrial television”.

[i.10] EN 50083-9: "Cable networks for television signals, sound signals and interactive services -
Part 9: Interfaces for CATV/SMATV headends and similar professional equipment for
DVB/MPEG-2 transport streams', produced by CENELEC.

[i.11] Void.
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[i.12]

[i.13]

[i.14]

[i.15]

[i.16]

[i.17]

[i.18]

[i.19]

[i.20]

[i.21]
[i.22]
[i.23]

[i.24]

[i.25]

[i.26]

[i.27]

[i.28]

[i.29]

[.30]

[i.31]

[i.32]

[i.33]
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Recommendation ITU-T O.151: "Error performance measuring equipment operating at the
primary rate and above'".

ETSI EN 300 473: "Digital Video Broadcasting (DVB); Satellite Master Antenna Television
(SMATYV) distribution systems'.

ETSI TS 101 191: "Digital Video Broadcasting (DVB); DV B mega-frame for Single Frequency
Network (SFN) synchronization".

ETSI EN 300 748: "Digital Video Broadcasting (DV B); Multipoint Video Distribution Systems
(MVDYS) at 10 GHz and above".

ETSI EN 300 749: "Digital Video Broadcasting (DVB); Microwave Multipoint Distribution
Systems (MMDS) below 10 GHZz".

SO 639: "Code for the representation of names of languages”.

ETSI EN 301 210: "Digital Video Broadcasting (DVB); Framing structure, channel coding and
modulation for Digital Satellite News Gathering (DSNG) and other contribution applications by
satellite”.

ETSI ETS 300 813: "Digital Video Broadcasting (DVB); DVB interfaces to Plesiochronous
Digital Hierarchy (PDH) networks'.

ETSI ETS 300 814: "Digital Video Broadcasting (DVB); DVB interfaces to Synchronous Digital
Hierarchy (SDH) networks'.

Void.
Void.

EN 50221: "Common interface specification for conditional access and other digital video
broadcasting decoder applications’, produced by CENELEC.

ETSI TS102 773 (V1.3.1), January 2012: "Digital Video Broadcasting (DVB); Modulator
Interface (T2-MI) for a second generation digital terrestrial television broadcasting system
(DVB-T2)".

ETSI TS 102 034 (August 2009): "Digital Video Broadcasting (DVB); Transport of MPEG-2 TS
Based DVB Services over |P Based Networks'.

SMPTE 2022-1 (May 2007): "Forward Error Correction for Real-Time Video/Audio Transport
Over IP Networks".

ETSI EN 302 755 (V1.3.1) (April 2012): "Digital Video Broadcasting (DVB); Frame structure
channel coding and modulation for a second generation digital terrestrial television broadcasting
system (DVB-T2)".

ETSI EN 302 769 (V1.2.1) (April 2011): "Digital Video Broadcasting (DVB); Frame structure
channel coding and modulation for a second generation digital transmission system for cable
systems (DVB-C2)".

ETSI TS102 991 (V1.2.1) (June 2011): "Digital Video Broadcasting (DVB); Implementation
Guidelines for a second generation digital cable transmission system (DVB-C2)".

ETSI TS 101 154: "Digital Video Broadcasting (DVB); Specification for the use of Video and
Audio Coding in Broadcast and Broadband Applications'.

I SO/IEC 13818-2: "Information technology - Generic coding of moving pictures and associated
audio information - Part 2: Video".

ISO/IEC 13818-3: "Information technology - Generic coding of moving pictures and associated
audio information - Part 3: Audio".

ETSI EN 301 192: "Digital Video Broadcasting (DVB); DV B specification for data broadcasting".
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[1.34] IETF RFC 791: "Internet Protocol".

[1.35] IETF RFC 768: "User Datagram Protocol”.

[i.36] IETF RFC 3171: "IANA Guidelines for |Pv4 Multicast Address Assignments”.

[1.37] IETF RFC 4445: " A Proposed Media Delivery Index (MDI)".

[i.38] Proakis John G.: "Digital Communication”, McGraw Hill, 1989.

[i.39] Begin G., Haccoun D. and Chantal P.: "High-Rate Punctured Convolutional Codes for Viterbi and
Sequential Decoding”, IEEE Trans. Commun, vol 37, pp. 1113-1125, November 1989.

[i.40] Begin G., Haccoun D. and Chantal P.: "Further Results on High-Rate Punctured Convolutional
Codesfor Viterbi and Sequential Decoding”, |EEE Trans. Commun., vol 38, pp. 1922-1928,
November 1990.

[i.41] Odenwalder J.P.. "Error Control Coding Handbook", Final report prepared for United States
Airforce under Contract No. F44620-76-C-0056, 1976.

[i.42] Pratt, Timothy and Bostian Charles W.: " Satellite Communications’, John Wiley & Sons, 1986.

[1.43] SMPTE 2022-2:2007: "Unidirectional Transport of Constant Bit Rate MPEG-2 Transport Streams
on IP Networks".

[i.44] COST 207: "Digital land mobile radio communications'.

NOTE: Available at https://op.europa.eu/en/publication-detail/-/publication/61fc77e7-bca2-4229-8eb4-

77741f0d2ab?2.
3 Definition of terms, symbols and abbreviations
3.1 Terms

For the purposes of the present document, the following terms apply:

M PEG-2: Refersto the ISO/IEC 13818, Systems coding is defined in ISO/IEC 13818-1 [i.1], video coding is defined in
ISO/IEC 13818-2 [i.31] and audio coding is defined in 1SO/IEC 13818-3 [i.32].

multiplex: stream of al the digital data carrying one or more services within asingle physical channel

Service Information (Sl): digital data describing the delivery system, content and scheduling/timing of broadcast data

Streams, €tc.

NOTE:

Includes MPEG-2 Program Specific Information (PSl) as defined in ISO/IEC 13818-1 [i.1] together with
independently defined extensions.

Transport Stream (TS): data structure used in many of the Digital Video Broadcasting (DV B) related standards

NOTE:

3.2

Defined in 1SO/IEC 13818-1[i.1].

Symbols

For the purposes of the present document, the following symbols apply:

BWsys

System noise power bandwidth
Frequency (high)

Frequency (low)

Maximum Carrier Number

N-th Mega-frame I nitialization Packet
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Pg (Variable name of) Bit Error Probability (BEP)
PsLock (Variable name of) the probability of an undetected error for a block of N symbols
P Number of interleaving T2 frames

Py Variable for MIP pointer value

Ps Symbol Error Probability

printf symbol in the C programming language

Pgin Error probability of the incoming symbols

Qg Symbol error probability

R Information rate

Rt Transmission rate

STSy Vaue of M-th Synchronization Time Stamp
Ty Symbol duration

3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

ACE Active Constellation Extension

ACLR Adjacent Channel Leakage Ratio

AFC Automatic Freguency Control

Al Amplitude Imbalance

ASCII American Standard Code for Information I nterchange
AS Asynchronous Serial Interface

ATM Asynchronous Transfer Mode

AWGN Additive White Gaussian Noise

BAT Bouquet Association Table

BB Baseband

BBFER Baseband Frame Error Rate

BCH Bose - Chaudhuri - Hocquenghem code

BEP Bit Error Probability

BER Bit Error Rate

bsl bf bit string, left bit first

BW BandWidth

CIN ratio of RF or IF signal power to noise power

CA Conditional Access

CAT Conditional Access Table

CATV Community Antenna TeleVision

CBR Constant Bit Rate

CCDF Cumulative Complementary Distribution Function
CCl Co-channel Interference

CF Correction Factor

CFC Number of Frame Closing symbols

Cl Common Interface

COFDM Coded Orthogonal Frequency Division Multiplex
CPE Common Phase Error

CRC Cyclic Redundancy Check

Cs Carrier Suppression

CsO Composite Second Order

CTB Composite Triple Beat

Ccw Continuous Wave

DC Direct Current

DF Delay Factor

DSNG Digital Satellite News Gathering

DTG Digital TV Group

DVvB Digital Video Broadcasting

DvB-C Digital Video Broadcasting baseline system for digital cabletelevision

NOTE: SeeETSI EN 300429 [i.6].
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DVB-CS Digital Video Broadcasting baseline system for SMATYV distribution systems
NOTE: SeeETSI EN 300473][i.13].

DVB-MC Digital Video Broadcasting baseline system for Multi-point Video Distribution Systems below
10 GHz

NOTE: SeeETSI EN 300 749[i.16].

DVB-MG DVB Measurement Group
DVB-MS Digital Video Broadcasting baseline system for Multi-point Video Distribution Systems at 10 GHz
and above

NOTE: SeeETSI EN 300 748[i.15].

DVB-S Digital Video Broadcasting baseline system for digital satellite television
NOTE: SeeETSI EN 300421 [i.5].

DVB-T Digital Video Broadcasting baseline system for digital terrestrial television
NOTE: SeeETSI EN 300 744[i.9].

DVB-X2 2" generation DVB systems

EB Errored Block

EIT Event Information Table

EIT-F Event Information Table - Future
EIT-P Event Information Table - Present
EMM Entitlement Management M essage
ENB Equivalent Noise Bandwidth

END Equivalent Noise Degradation

ENF Equivalent Noise Floor

ES Errored Second

ESR Errored Second Ratio

ETI Errored Time Interval

ETIR Errored Time Interval Ratio

ETR ETSI Technical Report

ETS European Telecommunication Standard
EVM Error Vector Magnitude

EVMy, Error Vector Magnitude - Voltage

FEC Forward Error Correction

FEF Future Extension Frames

FFT Fast Fourier Transform

Gl Guard Interval

GOP Group of Pictures

GPS Global Positioning System

GSE Generic Stream Encapsulation

GSM Global System for Mobile communications
HEX Hexadecimal

HP High Priority

IBS In-band signalling

ICl Inter-Carrier Interference

IEC International Electrotechnical Commission
IERS International Earth Rotation Service

IF Intermediate Frequency

IFFT Inverse FFT (Fast Fourier Transform)
IP Internet Protocol

IQ I n-phase/Quadrature components

IRD Integrated Receiver Decoder

ISO International Organization for Standardization
ISSY Input Stream SY nchronizer

ITU International Telecommunication Union
LAT Link Available Time

LDPC Low Density Parity Check (codes)
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LO
LP
LUAT
MDI
MED
MER
MER,,

MEN
MG
MGPR
Ml
MIP
MISO
MLR
MMDS
MPEG
MPTS
MR
MTU
MUX
MVDS
NIT
NM
OB
OFDM
PAPR
PAT
PCR
PDH
PER
PID
PJ
PLL
PLP
PMT
PRBS
PSI

NOTE:

PTS
QAM
QAM-M
Qg
QE
QEF
QPSK
RBA
RBM
RBW
RC
REC
RF
RFC
RMS
RS
RST

NOTE:

RTE
RTP

17

Local Oscillator

Low Priority

Link Unavailable Time

Media Delivery Index

Maximum Excess Delay
Modulation Error Ratio
Modulation Error Ratio - Voltage

Multi-Frequency Network
Measurement Guidelines

MISO Group Power Ratio
Modulator Interface
Mega-frame Initialization Packet
Multiple Input Single Output
Media Loss Rate
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Microwave Multi-point Distribution Systems (or Multi-channel Multi-point Distribution Systems)

Moving Picture Experts Group
Multi-Program Transport Stream
Nominal Media Rate

Maximum Transmission Unit

Multiplex

Multi-point Video Distribution Systems
Network Information Table

Noise Margin

Occupied Bandwidth

Orthogonal Frequency Division Multiplex

Peak to Average Power Ratio
Program Association Table
Program Clock Reference
Plesiochronous Digital Hierarchy
Packet Error Rate

Packet Identifier

Phase Jitter

Phase Locked Loop

Physical Layer Pipe

Program Map Table

Pseudo Random Binary Sequence
MPEG-2 Program Specific Information

Asdefined in ISO/IEC 13818-1 [i.1].

Presentation Time Stamps
Quadrature Amplitude Modulation

QAM systemswith e.g. M = 16, 32 and 64

Bit error probability

Quadrature Error

Quasi Error Free

Quaternary Phase Shift Keying
Receiver Buffer Assumptions
Receiver Buffer Model
Resolution Bandwidth

FEC rate

Receiver

Radio Frequency

IETF Request For Comments
Root Mean Square
Reed-Solomon

Running Status Table

See ETSI EN 300 468[i.7].

Residual Target Error
Real Time Protocol
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SDH Synchronous Digital Hierarchy
SDP Severely Disturbed Period
SDT Service Description Table
SEP Symbol Error Probability
SER Symbol Error Rate
SES Seriously Errored Second
SETI Severely Errored Time Interval
SFN Single Frequency Network
Sl Service Information
SINR Signal to Interference Noise Ratio
SMATV Satellite Master Antenna TeleVision
SMPTE Society of Motion Picture and Television Engineers
SNR Signal-to-Noise Ratio
ST Stuffing Table
STD System Target Decoder
STE System Target Error
STS Synchronization Time Stamp
SUS Severely Uncorrectable Second
SUTI Severely Uncorrectable Time Interval
SYNC Synchronization
TDT Time and Date Table
TEV Target Error Vector
TFS Time-Frequency-Slicing
TH Transport Header
TOT Time Offset Table
TPS Transmission Parameter Signalling
TS Transport Stream
TSTD Transport Stream Description Table
TU Typica Urban
TV TeleVision
TX-SIG Transmitter Signalling
UAT Unavailable Time
UDP User Datagram Protocol
UHF Ultra-High Frequency
Ul Unit Interval
uimsbf unsigned integer, most significant bit first
UP Uncorrectable Packet
us Uncorrectable Second
UTC Universal Time Co-ordinated
UTI Uncorrectable Time Interval
VB Virtual Buffer
VBR Variable Bit Rate
VBW Video Bandwidth
4 General

The Digital Video Broadcasting (DVB) set of digital TV standards specify baseline systems for various transmission
media: satellite, cable, terrestrial, etc. Each baseline system standard defined the channel coding and modulation
schemes for that transmission medium. The source coding was adapted from the MPEG-2 standard.

The design of these new systems has created a demand for a common understanding of measurement techniques and the
interpretation of measurement results.

The present document is an attempt to give recommendationsin this field by defining a number of measurement
techniquesin such detail that the results are actually comparable as long as the measurement is carried out in
compliance with the given definition.
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Engineers seeking to apply the methods described in the present document should be familiar with the standards for the
respective baseline systems. Although most of the parameters specified in the present document are well known in
communications, most of them should be interpreted with respect to the new environment, especially the transmission
of digital TV signals or other related services.

The inclusion of each parameter in the present document is based on requirements from those who envisage having to
work alongside the defined procedures. This includes network operators and providers of equipment for network
installation, as well as manufacturers of Integrated Receiver Decoders (IRDs) or test and measurement equipment.

The recommendations of the present document can be used:
- to set-up test beds or laboratory equipment for testing hardware for digital TV and other related services;
- to set these instruments to the appropriate parameters,
- to obtain unambiguous results that can be directly compared with results from other test set-ups;

- to form a potential basis for communicating results in an efficient way by using the definitions in the present
document as references.

They are not intended to describe a set of compulsory tests.

The recommendations are grouped in several clauses. Since the MPEG-2 TSisthe signal format used for the inputs and
outputs of all baseline systems, clause 5 is devoted to the description of checking procedures for those parameters which
are accessible in the TS packet header, i.e. without decoding scrambled or encrypted data. The aim of these testsisthe
provision of asimple and fast health check. It is meant neither asa MPEG-2 conformance test nor as a compliance test
for all DVB related issues.

Clause 6 contains the parameters which are commonly addressed by various transmission media. For example, the
measurement of the availability of transmission systems or links falls into this category, and it may be desirable to have
the same definition for availability independent of the actual systemin use.

Clauses 7 and 8 address the parameters which are specific for cable and satellite, DVB-C and DVB-S, they are also
applicableto SMATV systems, DVB-CS, and possibly MM DS systems such as DVB-MC and DVB-MS.

Clause 9 addressed parameters specific to the terrestrial DV B environment (DVB-T).

Clauses 6, 7, 8, and 9 of the present document follow the same structure. For each parameter there is a description of the
purpose of the recommended measurement procedure, the interface to which the measurement instrument should be
applied, and a description of the actual method of the measurement itself.

Apart from these clauses a number of annexes are included, containing recommendations for general aspects, examples
of test set-ups and certain requirements for the test and measurement equipment.

If the interfaces for a described measurement procedure are to be found within the transmitter, the notation is provided
in accordance with figures 4.1 and 9.1 for DVB-T (the 13 generation terrestrial DV B system). If the interfaces for the
described measurement procedures are to be found within the receiver (test receiver or IRD), the notation is provided in
accordance with figures 4.2 and 9.2 for DVB-T. These figuresillustrate the general cases of a DVB transmitter and
receiver of the 15t generation systems, although certain functional blocks only appear in certain systems.

Most of the parameters can be measured with standard equipment such as spectrum analysers or constellation analysers.
Other parameters are defined in a new way as a request to test and measurement equipment manufacturers to integrate
this functionality in their products.
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Not present in DVB-C systems.
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Figure 4.2: Receiver block diagram

The clauses 11 and 12 address two of the DV B transmission systems of the 2nd generation, DVB-T2 and DVB-C2. In
clause 11.2 includes the definition of measurement parameters for the DVB-T2 Modulator Interface DVB-T2 MI.

The block diagrams for these 2™ generation transmission systems can be found in the respective clauses.

5 Measurement and analysis of the MPEG-2 Transport
Stream

5.1 General

The MPEG-2 Transport Stream (TS) is the specified input and output signal for all the baseline systems, i.e. for
satellite, cable, SMATV, MMDS/MVDS and terrestrial distribution, which are defined in the DVB world so far.
Therefore these interfaces are accessible in the transmission chain. Direct access is given on the transmitter side at the
input of the respective baseline system. At other interfaces where the signal occurs in modulated form, accessis
possible by an appropriate demodulator that provides the TS interface as an output for further measurements.

5.2 List of parameters recommended for evaluation

52.0 Introduction

The present document recommends in this clause a set of syntax and information consistency tests that can be applied to
an MPEG-2 TS at the parallel interface, or either of the serial interfaces defined in EN 50083-9 [i.10].

The following assumptions and guiding principles were used in developing these tests:

- the tests are mainly intended for continuous or periodic monitoring of MPEG-2 TSsin an operational
environment;
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- these tests are primarily designed to check the integrity of a TS at source; clause 5.3 covers other aspects of
TSsin networks including impairments created by transport systems;

- the general aim of the testsisto provide a"health check™ of the most important elements of the TS. The list of
the testsis not exhaustive;

- the tests are consistent with the MPEG-2 Conformance tests defined in |SO/IEC 13818-4 [i.2], they do not
replace them;

- the tests are consistent with the DV B-SI documents (ETSI EN 300 468 [i.7], ETSI TR 101 211 [i.8]), they do
not replace them.

MPEG-2 and DVB-SI reserved valuesin the TS do not cause atest error indication.

In general the tests are performed on TS header information so that they are till valid when conditional access
algorithms are applied, however afew of the tests may only be valid for an unscrambled or descrambled TS.

The tests are not dependant on any decoder implementation for consistency of results. The MPEG-2 T-STD model
constraints, as defined in ISO/IEC 13818-1 [i.1] (MPEG-2 Systems), should be setisfied as specified in
ISO/IEC 13818-4 [i.2] (MPEG-2 Compliance).

Off-line tests are performed under stable conditions, no discontinuity or dynamic change can occur during an off-line
test process.

Other digital performance parameters such as BER are not considered in this clause.
This clause tabulates the parameters which are recommended for continuous or periodic monitoring of the MPEG-2 TS.
The tests are grouped into three tables according to their importance for monitoring purposes.

Thefirst table lists abasic set of parameters which are considered necessary to ensure that the TS can be decoded. The
second table lists additional parameters which are recommended for continuous monitoring. The third table lists
optional additional parameters which could be of interest for certain applications.

Any test equipment intended for the evaluation of these parameters should report test results by means of the indicators
itemized in the second column of the tables under exactly the preconditions described in the third column of the tables.

If anindicator is set, then the TSisin error. However, since the indicators do not cover the entire range of possible
errors, it cannot be concluded that there is no error if the indicator is not set.

If indicator 1.1 is activated then all other indicators are invalid. Each indicator is activated only aslong as at least one
of the described preconditions is fulfilled.

NOTE: Inthe case of indicators reguiring a minimum repetition rate of sections, it isintended that each and every
section that is present for this table should have the stated repetition rate.
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5.2.1 First priority: necessary for de-codability (basic monitoring)

Table 5.0a: MPEG-2 TS parameters of 15t priority

No. Indicator Precondition Reference
1.1 TS_sync_loss Loss of synchronization with consideration of ISO/IEC 13818-1 [i.1],
hysteresis parameters clause 2.4.3.3 and annex G.1
1.2 Sync_byte_error Sync_byte not equal 0x47 ISO/IEC 13818-1 [i.1],
clause 2.4.3.3
1.3 PAT error PID 0x0000 does not occur at least every 0,5 s ISO/IEC 13818-1 [i.1],
a PID 0x0000 does not contain a table_id 0x00 clauses 2.4.4.3,2.4.4.4
(i.e. a PAT)
Scrambling_control_field is not 00 for PID 0x0000
13.a PAT_error_2 Sections with table_id 0x00 do not occur at least ETSI TS 101 154 [i.30],
(note 1) every 0,5 s on PID 0x0000. clause 4.1.7
Section with table_id other than 0x00 found on PID
0x0000.

Scrambling_control_field is not 00 for PID 0x0000 |ISO/IEC 13818-1 [i.1],
clauses 2.4.4.3, 2.4.4.4

1.4 Continuity_ Incorrect packet order ISO/IEC 13818-1 [i.1],
count_error a packet occurs more than twice clauses 2.4.3.2,2.4.3.3
lost packet
15 PMT_error Sections with table_id 0x02, (i.e. a PMT), do not ISO/IEC 13818-1 [i.1],
occur at least every 0,5 s on the PID which is clauses 2.4.4.3,2.4.4.4,2.4.4.8

referred to in the PAT

Scrambling_control_field is not 00 for all PIDs
containing sections with table_id 0x02 (i.e. a PMT)
15a PMT_error_2 Sections with table_id 0x02, (i.e. a PMT), do not ETSI TS 101 154 [i.30],
(note 2) occur at least every 0,5 s on each clause 4.1.7 (note 3)
program_map_PID which is referred to in the PAT
Scrambling_control_field is not 00 for all packets

containing information of sections with table_id ISO/IEC 13818-1 [i.1],
0x02 (i.e. a PMT) on each program_map_PID clauses 2.4.4.3,2.4.4.4,2.4.4.8
which is referred to in the PAT
1.6 PID_error Referred PID does not occur for a user specified ISO/IEC 13818-1 [i.1],
period. clause 2.4.4.8

NOTE 1: Recommended for future implementations as a replacement of 1.3.
NOTE 2: Recommended for future implementations as a replacement of 1.5; this excludes specifically network_PIDs.
NOTE 3: In ETSI TS 101 154 [i.30], it is recommended that the interval between two sections should not exceed

100 ms. For many applications it may be sufficient to check that the interval is no longer than 0,5 s.

TS sync_loss

The most important function for the evaluation of data from the MPEG-2 TSis the sync acquisition. The actual
synchronization of the TS depends on the number of correct sync bytes necessary for the device to synchronize and on
the number of distorted sync bytes which the device cannot cope with.

It is proposed that five consecutive correct sync bytes (1SO/IEC 13818-1 [i.1], clause G.1) should be sufficient for sync
acquisition, and two or more consecutive corrupted sync bytes should indicate sync loss.

After synchronization has been achieved the evaluation of the other parameterscan be carried out.

Sync_byte error

Theindicator "Sync_byte error” is set as soon as the correct sync byte (0x47) does not appear after 188 or 204 bytes.
Thisisfundamental because this structure is used throughout the channel encoder and decoder chains for
synchronization. It is aso important that every sync byte is checked for correctness since the encoders may not
necessarily check the sync byte. Apparently some encoders use the sync byte flag signal on the parallel interfaceto
control randomizer re-seeding and byte inversion without checking that the corresponding byte isavalid sync byte.

PAT error

The Program Association Table (PAT), which only appearsin PID 0x0000 packets, tells the decoder what programs are
in the TS and points to the Program Map Tables (PMT) which in turn point to the component video, audio and data
streams that make up the program (figure 5.2).

If the PAT is missing then the decoder can do nothing, no program is decodable.
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Nothing other than a PAT should be contained in a PID 0x0000.

PAT error_2
The reworded description of the error in PAT_error_2 refersto the possibility that the Program Association Table may
consist of several (consecutive) sections with the same table_id 0x00.

Continuity_count_error

For thisindicator three checks are combined. The preconditions "Incorrect packet order” and "Lost packet" could cause
problems for IRD which are not equipped with additional buffer storage and intelligence. It is not necessary for the test
equipment to distinguish between these two preconditions as they are logically OR-ed, together with the third
precondition, into one indicator.

The latter is @ so covering the packet loss that may occur on ATM links, where one lost ATM packet would cause the
loss of acomplete MPEG-2 packet.

The precondition "a packet occurs more than twice" may be symptomatic of a deeper problem that the service provider
would like to keep under observation.

PMT_error

The Program Association Table (PAT) tells the decoder how many programs there are in the stream and points to the
PMTs which contain the information where the parts for any given event can be found. Parts in this context are the
video stream (normally one) and the audio streams and the data stream (e.g. Teletext). Without aPMT the
corresponding program is not decodable.

PID_error
It is checked whether there exists a data stream for each PID that occurs. This error might occur where TS are
multiplexed, or demultiplexed and again remultiplexed.

The user specified period should not exceed 5 s for video or audio PIDs (see note). Data services and audio services
with SO 639 [i.17] language descriptor with type greater than '0' should be excluded from this 5 slimit.

NOTE: For PIDs carrying other information such as sub-titles, data services or audio services with 1SO 639 [i.17]
language descriptor with type greater than '0', the time between two consecutive packets of the same PID

may be significantly longer.

In principle, a different user specified period could be defined for each PID.

5.2.2 Second priority: recommended for continuous or periodic monitoring
Table 5.0b: MPEG-2 TS parameters of 2"d priority
No. Indicator Precondition Reference
2.1 |Transport_error Transport_error_indicator in the TS-Header is set |ISO/IEC 13818-1 [i.1]:
to "1" clauses 2.4.3.2, 2.4.3.3
2.2 |CRC_error CRC error occurred in CAT, PAT, PMT, NIT, EIT, |ISO/IEC 13818-1 [i.1]:
BAT, SDT or TOT table clauses 2.4.4, annex A
ETSI EN 300 468 [i.7]: clause 5.2
2.3 |PCR_error (see notes 1 |PCR discontinuity of more than 100 ms occurring [ISO/IEC 13818-1 [i.1]:
and 2) without specific indication. clauses 2.4.3.4,2.4.3.5
Time interval between two consecutive PCR ISO/IEC 13818-4 [i.2]:
values more than 100 ms clause 9.11.3
ETSI TS 101 154 [i.30]:
clause 4.1.5.3
2.3a [PCR_repetition_ Time interval between two consecutive PCR ETSI TS 101 154 [i.30]:
error (see notes 1 and 2) |values more than 100 ms clause 4.1.5.3
2.3b [PCR_discontinuity The difference between two consecutive PCR ISO/IEC 13818-1 [i.1]:
indicator_error values (PCR,,, — PCR)) is outside the range of clauses 2.4.3.4,2.4.3.5
0...100 ms without the discontinuity_indicator set |ISO/IEC 13818-4 [i.2]:
clause 9.1.1.3
2.4 |PCR_accuracy_ PCR accuracy of selected programme is not within|ISO/IEC 13818-1 [i.1]:
error +500 ns clause 2.4.2.2
2.5 |PTS_error (see note 3) |PTS repetition period more than 700 ms ISO/IEC 13818-1 [i.1]:
clauses 2.4.3.6,2.4.3.7,2.7.4
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No. Indicator Precondition Reference
2.6 |CAT error Packets with transport_scrambling_control not 00 [ISO/IEC 13818-1 [i.1]:
present, but no section with table_id = 0x01 (i.e. a |clause 2.4.4
CAT) present
Section with table_id other than 0x01
(i.e. not a CAT) found on PID 0x0001
NOTE 1: The old version of PCR_error (2.3) is a combination of the more specific errors PCR_repetition_error

(2.3.a) and PCR_discontinuity_indicator_error (2.3.b) by a logical 'or' function. It is kept in the present
document for reasons of consistency of existing implementations. For new implementations it is
recommended that the indicators 2.3.a and 2.3.b are used only.

NOTE 2: The limitation to 40 ms in the 'Preconditions’ of 2.3 PCR_error and 2.3a PCR_repetition_error was
removed from ETSI TS 101 154 [i.30] in 2005. The respective clause there now refers only to the 100 ms
limitation in [i.1] which is recommended to be applied generally.

NOTE 3: The limitation to 700 ms should not be applied to still pictures.

Transport_error

The primary Transport_error indicator is Boolean, but there should also be a resettable binary counter which counts the
erroneous TS packets. This counter isintended for statistical evaluation of the errors. If an error occurs, no further error
indication should be derived from the erroneous packet.

There may be value in providing a more detailed breakdown of the erroneous packets, for example, by providing a
separate Transport_error counter for each program stream or by including the PID of each erroneous packet in alog of
Transport_error events. Such extraanalysisis regarded as optional and not part of this recommendation.

CRC error

The CRC check for the CAT, PAT, PMT, NIT, EIT, BAT, SDT and TOT indicates whether the content of the
corresponding table is corrupted. In this case no further error indication should be derived from the content of the
corresponding table.

PCR_error

The PCRs are used to re-generate the local 27 MHz system clock. If the PCR do not arrive with sufficient regularity
then this clock may jitter or drift. The receiver/decoder may even go out of lock. In DVB arepetition period of not more
than 100 msis permitted, previously a maximum of 40ms was recommended (see note 2 in table 5.0b).

PCR_repetition_error

The PCRs are used to re-generate the local 27 MHz system clock. If the PCR do not arrive with sufficient regularity
then this clock may jitter or drift. The receiver/decoder may even go out of lock. In DVB arepetition period of not more
than 100 msis permitted, previously a maximum of 40ms was recommended (see note 2 in table 5.0b).

The error indication that may result from the check of this repetition period should be called PCR_repetition_error in
future implementations (after the release of the present document).

PCR_discontinuity_indicator_error

The PCR_discontinuity _indicator_error is set in the case that a discontinuity of the PCR values occurs that has not been
signalled appropriately by the discontinuity indicator. The usage of thisindicator is recommended for future
implementations (after the release of the present document).

PCR_accuracy_error
The accuracy of +500 nsisintended to be sufficient for the colour subcarrier to be synthesized from system clock.

Thistest should only be performed on a constant bitrate TS as defined in ISO/IEC 13818-1 [i.1] clause 2.4.2.2.
Further information on PCR jitter measurementsis given in clause 5.3.2.

PTS error
The Presentation Time Stamps (PTS) should occur at least every 700 ms (see note 3 in table 5.0b). They are only
accessibleif the TSis not scrambled.

CAT _error
The CAT isthe pointer to enable the IRD to find the EMMs associated with the CA system(s) that it uses. If the CAT is
not present, the receiver is not able to receive management messages.
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5.2.3 Third priority: application dependant monitoring
Table 5.0c: MPEG-2 TS parameters of 3'd priority
No. Indicator Precondition Reference
3.1 |NIT error (note 2) Section with table_id other than 0x40 or Ox41 or  |ETSI EN 300 468 [i.7],
0x72 (i. e. not an NIT or ST) found on PID 0x0010 |clause 5.2.1
No section with table_id 0x40 or 0x41 (i.e. an NIT) |ETSI TR 101 211 [i.8],
in PID value 0x0010 for more than 10 s. clauses 4.1, 4.4
3.1.a |NIT_actual_error Section with table_id other than Ox40 or Ox41 or  |ETSI EN 300 468 [i.7],
0x72 (i.e. not an NIT or ST) found on PID 0x0010 |clause 5.2.1,5.1.4
No section with table_id 0x40 (i.e. an NIT_actual) [ETSI TR 101 211 [i.8],
in PID value 0x0010 for more than 10 s. clauses 4.1, 4.4
Any two sections with table_id = 0x40 (NIT_actual)
occur on PID 0x0010 within a specified value
(25 ms or lower).
3.1.b |NIT_other_error Interval between sections with the same ETSITR 101 211 [i.8],
section_number and table_id = 0x41 (NIT_other) |clause 4.4
on PID 0x0010 longer than a specified value (10 s
or higher).
3.2 |SI_repetition_ Repetition rate of Sl tables outside of specified ETSI EN 300 468 [i.7],
error limits. clause 5.1.4
ETSI TR 101 211 [i.8],
clause 4.4
3.3 |Buffer_error TB_buffering_error ISO/IEC 13818-1 [i.1],
overflow of transport buffer (TBy) clause 2.4.2.3
TBsys_buffering_error ISO/IEC 13818-4 [i.2],
overflow of transport buffer for system information |clauses 9.11.2,9.1.4
(Tbsys)
MB_buffering_error
overflow of multiplexing buffer (MBy,) or
if the vbv_delay method is used:
underflow of multiplexing buffer (Mb,)
EB_buffering_error
overflow of elementary stream buffer (EBy) or
if the leak method is used:
underflow of elementary stream buffer (EBy)
though low_delay_flag and DSM_trick_mode_flag
are setto 0
else (vbv_delay method)
underflow of elementary stream buffer (EBp)
B_buffering_error
overflow or underflow of main buffer (By)
Bsys_buffering_error
overflow of PSI input buffer (Bgys)
3.4 |Unreferenced_PID |PID (other than PAT, CAT, CAT_PIDs, PMT_PIDs, |ETSI EN 300 468 [i.7],
NIT_PID, SDT_PID, TDT_PID, EIT_PID, clause 5.1.3
RST_PID, reserved_for_future_use PIDs, or PIDs
user defined as private data streams) not referred
to by a PMT within 0,5 s (note 1).
3.4.a |Unreferenced_PID |PID (other than PMT_PIDs, PIDs with numbers ETSI EN 300 468 [i.7],
between 0x00 and Ox1F or PIDs user defined as |clause 5.1.3
private data streams) not referred to by a PMT or a
CAT within 0,5 s.
3.5 |SDT_error (note 3) |Sections with table_id = 0x42 (SDT, actual TS) not |ETSI EN 300 468 [i.7],
present on PID 0x0011 for more than 2 s clause 5.1.3
Sections with table_ids other than 0x42, 0x46, ETSI TR 101 211 [i.g],
0x4A or 0x72 found on PID 0x0011. clauses 4.1, 4.4
3.5.a [SDT_actual_error Sections with table_id = 0x42 (SDT, actual TS) not |ETSI EN 300 468 [i.7],
present on PID 0x0011 for more than 2 s clauses 5.2.3,5.1.4
Sections with table_ids other than 0x42, 0x46, ETSI TR 101 211 [i.8],
0x4A or 0x72 found on PID 0x0011. clauses 4.1, 4.4
Any two sections with table_id = 0x42
(SDT_actual) occur on PID 0x0011 within a
specified value (25 ms or lower).

ETSI




26 ETSI TR 101 290 V1.4.1 (2020-06)
No. Indicator Precondition Reference

3.5.b |SDT_other_error Interval between sections with the same ETSI TR 101 211 [i.g],
section_number and table_id = 0x46 (SDT, other |clause 4.4
TS) on PID 0x0011 longer than a specified value
(10s or higher).

3.6 |EIT_error (note 4) Sections with table_id = Ox4E (EIT-P/F, ETSI EN 300 468 [i.7],
actual TS) not present on PID 0x0012 for more clause 5.1.3
than2's ETSI TR 101 211 [i.8],
Sections with table_ids other than in the range clauses 4.1, 4.4
O0x4E - Ox6F or 0x72 found on PID 0x0012.

3.6.a |EIT_actual_error Section '0" with table_id = Ox4E (EIT-P, ETSI EN 300 468 [i.7],
actual TS) not present on PID 0x0012 for more clauses 5.2.4,5.1.4
than 2 s ETSI TR 101 211 [i.8],
Section '1' with table_id = Ox4E (EIT-F, clauses 4.1, 4.4
actual TS) not present on PID 0x0012 for more
than2s
Sections with table_ids other than in the range
Ox4E - Ox6F or 0x72 found on PID 0x0012.

Any two sections with table_id = Ox4E (EIT-P/F,
actual TS) occur on PID 0x0012 within a specified
value (25 ms or lower).

3.6.b |EIT_other_error Interval between sections '0' with table_id = Ox4F |ETSI TR 101 211 [i.8],
(EIT-P, other TS) on PID 0x0012 longer than a clause 4.4
specified value (10 s or higher);

Interval between sections '1' with table_id = Ox4F
(EIT-F, other TS) on PID 0x0012 longer than a
specified value (10 s or higher).

36¢ |EIT_PF_error If either section (‘0" or '1") of each EIT P/F sub ETSI EN 300 468 [i.7],
table is present both should exist. Otherwise clause 5.2.4.
EIT_PF_error should be indicated.

3.7 |RST_error Sections with table_id other than 0x71 or Ox72 ETSI EN 300 468 [i.7],
found on PID 0x0013. clause 5.1.3
Any two sections with table_id = 0x71 (RST) occur
on PID 0x0013 within a specified value (25 ms or
lower).

3.8 |TDT_error Sections with table_id = 0x70 (TDT) not present  |ETSI EN 300 468 [i.7],
on PID 0x0014 for more than 30 s clauses 5.1.3,5.2.6
Sections with table_id other than 0x70, 0x72 (ST) |ETSI TR 101 211 [i.g],
or 0x73 (TOT) found on PID 0x0014. clauses 4.1, 4.4
Any two sections with table_id = 0x70 (TDT) occur
on PID 0x0014 within a specified value (25 ms or
lower).

3.9 |Empty_buffer_error |Transport buffer (TB) not empty at least once per |ISO/IEC 13818-1 [i.1],
second clauses 2.4.2.3,2.4.2.6
or
transport buffer for system information (TBsys) not |ISO/IEC 13818-9 [i.3],
empty at least once per second annex E
or
if the leak method is used ISO/IEC 13818-4 [i.2],
multiplexing buffer (MBp,) not empty at least once |clauses 9.1.1.2,9.1.4
per second.

310 |Data_delay_error Delay of data (except still picture video data) ISO/IEC 13818-1 [i.1],

through the TSTD buffers superior to 1 second;
or

delay of still picture video data through the TSTD
buffers superior to 60 s.

clauses 2.4.2.3,2.4.2.6
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No. | Indicator | Precondition | Reference
NOTE 1: Itis assumed that transition states are limited to 0,5 s, and these transitions should not cause error
indications.

NOTE 2: The old version of NIT_error (3.1) has been split into the more specific errors NIT_actual_error (3.1.a)
and NIT_other_error (3.1.b). The old version is kept in the document for reasons of consistency of
existing implementations. For new implementations it is recommended that the indicators 3.1.a and
3.1.b are used only.

NOTE 3: The old version of SDT_error (3.5) has been split into the more specific errors SDT_actual_error (3.5.a)
and SDT_other_error (3.5.b). The old version is kept in the present document for reasons of
consistency of existing implementations. For new implementations it is recommended that the
indicators 3.5.a and 3.5.b are used only.

NOTE 4: The old version of EIT_error (3.6) has been split into the more specific errors EIT_actual_error (3.6.a),
EIT_other_error (3.6.b) and EIT_PF_error (3.6.c). The old version is kept in the present document for
reasons of consistency of existing implementations. For new implementations it is recommended that
the indicators 3.6.a, 3.6.b and 3.6.c are used only.

NIT error [i.1]

Network Information Tables (NITs) as defined by DVB contain information on frequency, code rates, modulation,
polarization, etc. of various programs which the decoder can use. It is checked whether NITs are present in the TS and
whether they have the correct PID.

NIT_actual_error

Network Information Tables (NITs) as defined by DVB contain information on frequency, code rates, modulation,
polarization, etc. of various programs which the decoder can use. It is checked whether the NIT related to the respective
TSispresent in this TS and whether it has the correct PID.

NIT_other_error

Further Network Information Tables (NITs) can be present under a separate PID and refer to other TSsto provide more
information on programmes available on other channels. Their distribution is not mandatory and the checks should only
be performed if they are present.

Sl repetition_error

For Sl tables a maximum and minimum periodicity are specified in ETS| EN 300 468 [i.7] and ETSI TR 101 211 [i.8].
Thisis checked for thisindicator. Thisindicator should be set in addition to other indicators of repetition errors for
specific tables.

Buffer_error
For thisindicator a number of buffers of the MPEG-2 reference decoder are checked whether they would have an
underflow or an overflow.

Unreferenced_PID
Each non-private program data stream should have its PID listed in the PMTs.

SDT_error

The SDT describes the services available to the viewer. It is split into sub-tables containing details of the contents of the
current TS (mandatory) and other TS (optional). Without the SDT, the IRD is unable to give the viewer alist of what
services are available. It isalso possible to transmit a BAT on the same PID, which groups servicesinto "bouquets’.

SDT_actual_error

The SDT (Service Description Table) describes the services available to the viewer. It is split into sub-tables containing
details of the contents of the current TS (mandatory) and other TS (optional). Without the SDT, the IRD is unable to
givethe viewer alist of what services are available. It is also possible to transmit aBAT on the same PID, which groups
services into "bouquets’.

SDT_other_error
This check isonly performed if the presence of a SDT for other TSs has been established.
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EIT error

The EIT (Event Information Table) describes what is on now and next on each service, and optionally details the
complete programming schedule. The EIT isdivided into several sub-tables, with only the "present and following"
information for the current TS being mandatory. The EIT schedule information isonly accessible if the TS is not
scrambled.

EIT_actual_error

The EIT (Event Information Table) describes what is on now and next on each service, and optionally detailsthe
complete programming schedule. The EIT isdivided into several sub-tables, with only the "present and following"
information for the current TS being mandatory. If there are no 'Present’ or 'Following' events, empty EIT sections will
be transmitted according to ETSI TR 101 211 [i.8]. The EIT schedule information is only accessibleif the TSis not
scrambled.

EIT_other_error
This check isonly performed if the presence of an EIT for other TSs has been established.

RST_error
The RST isaquick updating mechanism for the status information carried in the EIT.

TDT_error
The TDT carries the current UTC time and date information. In addition to the TDT, aTOT can be transmitted which
givesinformation about alocal time offset in a given area.

The carriage of the following tables:
- NIT_other;
- SDT_other;
- EIT_P/F_other;
- EIT_schedule_other;
- EIT_schedule actual;
isoptional and therefore these tests should only be performed when the respective table is present.

When these tables are present this will be done automatically by measuring the interval rather than the occurrence of the
first section.

As afurther extension of the checks and measurements mentioned above an additional test concerning the Sl is
recommended: all mandatory descriptorsin the Sl tables should be present and the information in the tables should be
consistent.

ETSI



ETSI TR 101 290 V1.4.1 (2020-06)

29
-~ 188 bytes ——— P
i transport
Indicator 1.1 /1.2 packet [CECCH payload header payload header payload Indicator 1.4
stream
sync transport payload transport transport adaptation continuity adaptation
error unit start » PID scrambling field ]
byte o . priority counter field
indicator indicator control control
8 1 1 1 13 2 4
adaptation ) o random elementary )
discontinuity stream 5 flags optiona stuffing
field - access .
. indicator o priority eld bytes
Indicator 2.1 length indicator indicator
8 1 5
| transport transport adaptation
) splice ; field optiona
rivate )
M\ POR | OPCR countdown pdata private extension 3 flags eld
— length data length
42 42 8 8 8 3
Itw_valid Itw piecewise splice DTS next au
flag offset rate type
1 15 2 22 4 33
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Figure 5.2: Indicators related to TS structure
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5.3 Measurement of MPEG-2 Transport Streams in networks

531 Introduction

A MPEG-2 Transport Stream that is transmitted over any real network, is exposed to certain effects caused by the
network components which are not ideally transparent. One of the pre-dominant effectsis the acquisition of jitter in
relation to the PCR values and their position in the TS. The parameters defined in clause 5.3.2 describe the various jitter
components which can be differentiated by demarcation frequencies.

For the measurement of bitrates of Transport Streams, the requirements vary significantly for constant bitrate TS and
partial TS/variable bitrate TS. The application of statistical multiplexersled to more dynamic variations in the bitrate,
especialy of the video components. Other services such as opportunistic data transmission, have typical features which
again differ in terms of occurrence or presence of the service and the variation of bitrates. In clause 5.3.3 several
profiles are defined to accommodate the mgjority of such applications, and which can be applied for monitoring and
localization of failures.

5.3.2 System clock and PCR measurements

5.3.2.1  Reference model for system clock and PCR measurements

This clause presents a reference model for any source of atransport stream (TS) concerning the generation of PCR
values and delivery delays. It models al the timing effects visible at the TS interface point. It is not intended to
represent all the mechanisms by which these timing effects could arise in real systems.

PCR inaccuracy source

Mp,i o
D+J
+
L Np,i B Delivery timing
delay
A PCR counter

Reference clock
f=27MHz +f_ ()

Figure 5.3: Reference model

Reference points are indicated by dashed lines. Thisisamodel of an encoder/multiplexer (up to reference point B) and
aphysical delivery mechanism or communications network (between reference points B and C). The components of the
model to the left of reference point B are specific to asingle PCR PID. The components of the model to the right of
reference point B relate to the whole Transport Stream. Measuring equipment can usually only accessthe TS at
reference point C.

The model consists of a system clock frequency oscillator with a nominal frequency of 27 MHz, but whose actual
frequency deviates from this by afunction 4, (p, t). This function depends on the time (t) and is specific to asingle

PCR PID (p). The "Frequency Offset PCR_FO" measures the value of f,, (p, t). The "Drift Rate PCR_DR" isthe rate
of change with time of 4, (p, 1).
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The system clock frequency oscillator drives a PCR counter which generates an idealized PCR count, N, ;. p refersto

the specific PCR PID p and i refersto the bit position in the transport stream. To thisis added avalue from a PCR
inaccuracy source, M p, o create the PCR value seen in the stream, Pp‘i. The simple relationship between these values

is.
P (1)
Mp,i represents the "Accuracy PCR_AC".

The physical delivery mechanism or communications network beyond point B introduces a variable delay between the
departure time T; and the arrival time U; of bits:

U-T=D+J
| | | (2)

In the case of a PCR, U; isthe time of arrival of the last bit of the last byte containing the PCR base

(ISO/IEC 13818-1[i.1], clause 2.4.3.5). D is a constant representing the mean delay through the communications
network. J; represents the jitter in the network delay and its mean value over all time is defined to be zero. J + My; is

measured as the " Overall Jitter PCR_0OJ".

In the common case where the Transport Stream is constant bitrate, at reference point B the Transport Stream is being
transmitted at a constant bitrate R, .. It isimportant to note that in this reference model this bitrate is accurate and

constant; there is no error contribution from varying bitrate. This gives an additional equation for the departure time of
packets:

T=Ty+o— (3

T, isaconstant representing the time of departure of the zero'th bit. Combining equations 2 and 3 the arrival timeis:

U =T,+——+D+J
om (4)
5.3.2.2  Measurement descriptions

The following measurements require a demarcation frequency for delimiting the range of drift rate and jitter frequencies
of the timing variations of PCRs and/or TSs.

The demarcation frequency used should be chosen from table 5.1 and indicated with the measurement resullts.

Table 5.1: Profiles for jitter and drift rate measurements

Profile Demarcation Comments
frequency
MGF1 10 mHz This profile is provided to give the total coverage of frequency components

included in the timing impairments of PCR related measurements.

This profile provides the most accurate results in accordance with the limits
specified in ISO/IEC 13818-1 [i.1], clause 2.4.2.1. If jitter or drift rate
measurements are found out of specification when using other profiles, it is
suggested to use this one for better accuracy.

MGF2 100 mHz This profile is accounting for intermediate benefits between the profiles MGF1
and MGF3, by giving reasonable measurement response as well as reasonable
account for low frequency components of the timing impairments.

MGF3 1Hz This profile provides faster measurement response by taking in account only the
highest frequency components of the timing impairments. This profile is expected
to be sufficient in many applications.
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Profile Demarcation Comments
frequency
MGF4 Manufacturer This profile will provide any benefit that the manufacturer may consider as useful
defined when it is designed and implemented in a measurement instrument. The
demarcation frequency has to be supplied with the measurement result.
Optionally any other data that the manufacturer may consider to be relevant may
be supplied.
For testing against ISO/IEC 13818-9 [i.3] (£25 ys jitter limit) a demarcation
frequency of 2 mHz is required. A filter for such demarcation may be
implemented under this MGF4 profile.
5.3.2.3  Program Clock Reference - Frequency Offset PCR_FO
Definition |PCR_FO is defined as the difference between the program clock frequency and the nominal clock frequency

(measured against a reference which is not PCR derived, neither TS derived).
The units for the parameter PCR_FO should be in Hz according to:
e Measured Frequency - Nominal Frequency,
e orin ppm expressed as:
—  [Measured Frequency (in Hz) - Nominal Frequency(in Hz)]/Nominal Frequency (in MHz).

Purpose The original frequency of the clock used in the digital video format before compression (program clock) is
transmitted to the final receiver in form of numerical values in the PCR fields. The tolerance as specified by
ISO/IEC 13818-1 [i.1] clause 2.4.2.1 is +810 Hz or +30 ppm.

Interface A Z

5.3.2.4  Program Clock Reference — Drift Rate PCR_DR

Definition |PCR_DR is defined as the first derivative of the frequency and is measured on the low frequency
components of the difference between the program clock frequency and the nominal clock frequency
(measured against a reference which is not PCR derived, neither TS derived).
The format of the parameter PCR_DR should be in mHz/s (@ 27 MHz) or ppm/hour.

Purpose The measurement is designed to verify that the frequency drift, if any, of the program clock frequency is
below the limits set by ISO/IEC 13818-1 [i.1]. This limit is effective only for the low frequency components of
the variations. The tolerance as specified by ISO/IEC 13818-1 [i.1] is +75 mHz/s@ 27 MHz or +10 ppm/hour.

Interface A Z

NOTE: A break frequency of 10 mHz is recommended for the separation of PCR_jitter (higher frequencies) and
PCR_drift (lower frequencies). See also MGF1 in Table 5.1.

5.3.25

Program Clock Reference - Overall Jitter PCR_OJ

Definition

PCR_0J is defined as the instantaneous measurement of the high frequency components of the difference
between when a PCR should have arrived at a measurement point (based upon previous PCR values, its
own value and a reference which is not PCR or TS derived) and when it did arrive.

The format of the parameter PCR_0OJ should be in nanoseconds.

Purpose

The PCR_0J measurement is designed to account for all cumulative errors affecting the PCR values during
program stream generation, multiplexing, transmission, etc. All these effects appear as jitter at the receiver
but they are a combination of PCR inaccuracies and jitter in the transmission. This value can be compared
against the maximum error specification by ISO/IEC 13818-1 [i.1] for PCR Accuracy of £500 ns only if the
jitter in the transmission is assumed to be zero.

Interface

A Z

NOTE: A break frequency of 10 mHz is recommended for the separation of PCR_jitter (higher frequencies) and
PCR_drift (lower frequencies). See also MGF1 in table 5.1.
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5.3.2.6  Program Clock Reference — Accuracy PCR_AC

Definition  |The accuracy of the PCR values PCR_AC is defined as the difference between the actual PCR value and
the value it should have in the TS represented by the byte index for its actual position. This can be
calculated for constant bitrate TS, the measurement may NOT produce meaningful results in variable bitrate
TS.

The units for the parameter PCR_AC should be in nanoseconds.

Purpose This measurement is designed to indicate the total error included in the PCR value with respect to its
position in the TS.

The tolerance as specified by ISO/IEC 13818-1 [i.1] is £500 ns.

This measurement is considered to be valid for both: real time and off-line measurements.

The measurement should trigger the indicator under clause 5.2.2, item 2.4.

Interface A.Z

NOTE: Notethat PCR Accuracy isdefined by ISO/IEC 13818-1 [i.1]: "A tolerance is specified for the PCR
values. The PCR tolerance is defined as the maximum inaccuracy allowed received PCRs. This
inaccuracy may be due to imprecision in the PCR values or to PCR modification during re-multiplexing.
It does not include errorsin packet arrival time due to network jitter or other causes'.

5.3.3 Bitrate measurement

5.3.3.0 General

The bitrate value from a measurement system depends on a number of parameters:
- when the bitrate measurement is started;
- what is counted (packets, bytes, bits);
- the time duration (gate) over which the bitrate is measured;

- the way in which the time-gate function moves between measurements (timeSlice).

5.3.3.1 Bitrate measurement algorithm

This clause defines the parameter "M G bitrate" which is an instantaneous bitrate value. The bitrate is averaged over a
fixed time gate (or "window"). This gating function is moved by a discrete time slice (or interval) to produce the bitrate
value for each time dice. (The window "hops" from one time dice to the next) The items that are counted can be bits,
bytes or Transport Stream packets, and the meaning of the measured val ue should be made clear by accurate |abelling
(see Nomenclature below). The measurement can be applied to the entire Transport Stream or a partial transport stream
obtained by applying a PID filter or even afilter to remove packet headers.

The following equation defines "M G bitrate":

emen =N7-1
MG_bitrate_at_timeSlicet=wxz:n n

num_elements_in_timeSice;_p,,
n=

Where:
N isthe integer number of time slices during the time gate.
T=N1t isthe duration of the time gate in seconds.
T is the width of each time slice in seconds.
element is the fundamental unit which is being counted by the bitrate measurement algorithm.
elementSize isthe size (measured in the appropriate units) of the element being measured. For example if

bitrate units are packets/s then the elementSize should be expressed in packets. If bitrate units are
bits/s then the elementSize is expressed in bits. Hence if an element is a 188 byte packets then
elementSize can be expressed as:

elementSize = 188 bytes/packet x 8 bits/byte = 1 504 hits
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num_elements in_timeSlice
istheinteger number of element starts which have occurred in the timeSlice. If an element isa 188
byte packet then this corresponds to counting sync bytes. If an element is a byte then this may
correspond to counting the first bit in transmission order on a seria link.

The units of MG_bitrate_at_timeSlice, are not part of the present document, but should be the same as the units used to

express elementSize. Thisis because the bitrate can be expressed in a number of different ways asis described in the
Nomenclature clause below.

The measurement is discrete. A new measurement value is available every timeSlice and is held for the duration of a
timeSlice. Display of a bitrate value in a piece of measurement equipment may not be a precise display of this value as
isindicated in figure 5.4.

Interface link to display
MGil Process Remote
measure
< for display A > display
Interface

Process MGi2

> for alarms
Process

> for statistics

_» etc...

Figure 5.4: Display of a bitrate value

5.3.3.2 Preferred values for Bitrate Measurement

The preferred values for the algorithm are application dependent. One set of values may be appropriate for monitoring
and another may be appropriate for precise measurements. In order to have consistent measurements between different
equipment vendors, the following profiles are defined. (Note that the timeSlice interval T can be expressed as atime or
as afrequency for precision).
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Table 5.1a: Preferred profiles for bitrate measurements

MG Profile Description Stream Type/Rate T N T=Nt | element
Profile
MGB1 [This Profile is best geared towards All 1ls 1 1ls 188 byte
applications where the bitrate is packet

constant or slowly varying. It is
compatible with much equipment
developed before the present
document was created.

MGB2 |This Profile provides overall consistent |All 100 ms 10 1ls 188 byte
rate calculations while providing packet
reasonable accuracy for most
monitoring and troubleshooting
applications. It is intended for CBR
measurements whereas rapidly
varying bitrates are more appropriately
measured with the MGB3 or MGB4

profiles.

MGB3 [This Profile provides for tracking of All 1/90kHz (1800 |20 ms (188 byte
small variations in the multiplex rate of packet
each element.

MGB4 |[This Profile provides for a longer term |All 1/90kHz |gx 104 |1s 188 byte
average for rate calculation but with packet

repeatability between two different
measurements of the same data.
MGBS5 |This Profile allows the user to tune Complete or partial User Def. |User User |188 byte
bitrate calculations based on the transport stream Def. Def. packet
parameters that are most appropriate
for a particular transport stream.
It is very important that when this is
done, the nomenclature used to define
the bitrate clearly shows that bitrates
for components are not directly
comparable with each other:

TS@MGB1

video@MGB3

audio@MGB4

the_rest@188,1s,100s

etc.
This follows the nomenclature guide in
the present document and shows that
it is unlikely that the sum of the
bitrates of the TS components will
equal the overall transport stream rate.

Applications of the profiles are given in the informative annex J.

5.3.3.3 Nomenclature

It isimportant to display bitrate valuesin a way which allows comparison. Correct nomenclature can indicate for
example that correction factors need to be applied to convert from a 204 byte packet bitrate measurement to a 188 byte
packet measurement. This recommendation is for the "M G-bitrate” nomenclature. If the "MG bitrate” algorithm has
been used, then bitrates are of the form:

<bitrate_value> <units>@ M Gprofile
or <bhitrate value> <units> @ MG<element>, <timeslice>, <time_gate> [, <filter>]

For example if the full transport stream bitrate of a 204 byte packet system is to be measured, then it isimportant to
know the size of the packet (i.e. the elementSize) and the size of the time window which was measured to ensure
repeatability. Hence a bitrate should be expressed as:

EXAMPLE 1. 10,300 Mbit/s @ MG 204,1/90 kHz, 1,1s1

It is assumed by default that the bitrate was for the full transport stream.
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If the bitrate of al the service components for a service called "Test Transmission” (i.e. al PIDslisted in the PMT + the
bitrate of the PMT excluding the bitrate of EITp and EITf for that service) isto be measured, then it would be expressed
as:

EXAMPLE 2. 4,154 Mbit/s @ MG 188, 1/90 kHz, 1 s, service: Test Transmission
or
4,154 Mbit/s @ MGB4, service: Test Transmission

To express example 2 as a percentage of the total bitrate in example 1, it is obvious now that a 188/204 correction factor
needs to be applied before the division takes place:

Test Transmission = 100 x (4,154 x 204/188)/10,300 % of bitrate
43,8 % of bitrate
Note that this nomenclature is independent of the measurement technique, but is vital to alow results to be compared.

Note also that when writing M G-bitrate measurements, the values kbit/s and Mbit/s are taken to mean 103 bits per
second and 108 bits per second respectively. It is aso recommended that the val ues kB/s (103 bytes/s) and MB/s
(108 bytes/s) are not used.

5.34 Consistency of information check

5340 General

The information provided in the various SI/PSI tablesin different Transport Streams needs to be consistent and coherent
to provide accessto al services for the user. Wherever these tables are created, modified or extracted, thereis a need for
checking the tables of the outgoing Transport Stream.

In many cases, these applications are user-defined in the sense that providers and operators may wish to minimize the
complexity of these checks.

Asafirst example for such a check, the Transport_Stream_|D check is defined hereafter.

5.3.4.1  Transport_Stream_ID check

Definition |Each MPEG-2 Transport Stream should be identifiable by its Transport_Stream_ID carried in the PAT.

Purpose |As DVB networks become more and more complex, there is an increased risk of transmitting the wrong
Transport Stream. Providers and operators may wish to make sure that the TS they actually process is the
intended one.

Interface A Z

Method The Transport Stream ID (as referenced in the PAT) should be checked and the actual TS ID should be
compared with a user defined value. By this it can be tested whether the actual Transport Stream is the
correct one.

5.3.5 TS parameters in transmission systems with reduced Sl data
Certain transmission systems, e.g. DSNG Transport Streams conforming to ETSI EN 301 210 [i.18] contain ssimplified

PSI/SI information (see annex D of ETSI EN 301 210 [i.18]). When testing such Transport Streams, table 5.1b indicates
which of the tests recommended in clause 5.2 can be used.
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Table 5.1b: TS parameters in systems with reduced Sl data

No. Indicator Comment

1.1 TS_sync_loss Essential for access to TS data

1.2 Sync_byte_error May not necessarily prevent
decoding of content

1.3 PAT_error Essential for access to TS data

1.3.a PAT error_2 Essential for access to TS data

14 Continuity_count_error May not necessarily prevent
decoding of content

15 PMT_error Essential for access to TS data

15.a PMT _error_2 Essential for access to TS data

1.6 PID_error May not necessarily prevent
decoding of content

2.1 Transport_error

2.2 CRC_error Applies to PAT and PMT only

2.3 PCR_error

2.3a PCR_repetition_error

2.3b PCR_discontinuity_indicator_error

2.4 PCR_accuracy_error

2.5 PTS_error

2.6 CAT_error

3.3 Buffer_error

3.4 Unreferenced_PID

34.a Unreferenced_PID

3.9 Empty_buffer_error

310 Data_delay_error

Measurement of availability at MPEG-2 Transport Stream

level

Definitions of error events

The following definitions are used to establish criteriafor System Availability, Link Availability, and System Error
Performance (e.g. for coverage measurement purposes) for distribution networks such as satellite (DVB-S and
DVB-DSNG), cable (DVB-C), terrestrial (DVB-T) and microwave systems (DVB-MS, DVB-MC and DVB-MT) as
well as for contribution networks (DVB-PDH ETS| ETS 300 813 [i.19] and DVB-SDH ETSI ETS 300 814 [i.20]).

These definitions may also be used to test the performance of TSsin IRDs via Common | nterfaces.

Table 5.2: Error Events

54.1 Severely Disturbed Period A period of sync loss (as defined in clause 5.2.1 of the present
(SDP): document, parameter 1.1) or loss of signal.
5.4.2 Errored Block (EB): An MPEG-2 TS packet with one or more uncorrectable errors, which
is indicated by the transport_error_indicator flag set.
See clause 5.2.2.
54.3 Errored Time Interval (ETI): A given time interval with one or more EBs.
5.4.3.a |Errored Second (ES): A specific case of the ETI where the given time interval is one
second.
5.4.4 Severely Errored Time Interval |A given time interval which contains greater than a specified
(SETI): percentage of errored blocks, or at least one SDP or part thereof.
This percentage will not be specified in the present document, but
should be the subject of agreements between the network operators
and the program providers.
5.4.4a |Severely Errored Second A specific case of the SETI where the given time interval is one
(SES): second.
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5.4.5

Unavailable Time UAT

A start of a period of Unavailable Time can be defined as:
e either the onset of N consecutive SES/SETI events; or
e the onset of a rolling window of length T in which M
SES/SETI events occur.
These time intervals/seconds are considered to be part of the
Unavailable Time.
A end of period of Unavailable Time can be defined accordingly as
e the onset of N consecutive non-SES/SETI events; or
e the onset of a rolling window of length T in which no
SES/SETI events occur.
These time intervals/seconds are considered to be part of Available
Time.
The values N, M and T could differ for different types of service
(video, audio, data, etc.).

Note that these tests are only possible if Reed-Solomon encoding was used upstream with respect to the measurement

point.

5.5

Void.

5.6

5.6.0

Evaluation of service performance by combination of TS

related parameters

Parameters for Cl related applications

Introduction

The Common Interface (Cl) is - in principle - a Transport Stream interface but it has particular properties which require
additional tests.

The parameters defined in this clause are intended to enable reproducible and comparable measurements on the Cl. As
in the previous clauses on Transport Stream related tests and measurements, it cannot be assumed that these tests
provide a complete analysis. They are also designed as a 'health check’, not as an overall compliance or conformance

test.

The following reference model pictures the interfaces and the functional blocks which are referred to in the definitions

of the tests.
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Figure 5.5: Cl Reference model
5.6.1 Latency
Table 5.3
Parameter Purpose Interface Method
Latency To determine the impact of one CI |A - B, Measure arrival time of synch
module on latency (or average bytes of corresponding TS packets
delay) at both interfaces
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5.6.2 Cl_module_delay_variation

Table 5.4
Parameter Purpose Interface Method Reference
Cl_module_delay_  |To check compliance with CI A, -B, |Measure delay for all EN 50221 [i.23],
variation spec, corresponding bytes of each TS  |clause 5.4.2
to limit additional PCR jitter and packet between input A, and
support decodability output B, and calculate peak delay
variation for each TS packet

NOTE: A, and B, are the input and output of any one CI Module.

5.6.3 Input_output_ TS comparison

Table 5.5
Parameter Purpose Interface Method
Input-output TS comparison |To ensure that modules C,-C, [TS with at least 1 PID unaffected
under test do not impair other by the Cl modules + other PIDs
parts of the TS which will activate each module
under test and carry out a bitwise
comparison for the unaffected
PIDs;
additionally the CI modules should
be tested while inactive
5.6.4 Cl_module_throughput
Table 5.6
Parameter Purpose Interface Method Limits
Period between To ensure compliance with  |A,, B, or C, [Measure time between 2 synch |58 Mbit/s from
consecutive synch Cl spec bytes after processing in modules |EN 50221 [i.23]
bytes @ A,: modules able to accept
input TS
@ B,: module outputs TS within
limits
NOTE: A, and B, are the input and output of any one CI Module, C, is any corresponding interface of the host
device.
5.6.5 Valid TS on ClI
Table 5.7
Parameter Purpose Interface Method
Valid TS To ensure decodability A, ByorCy |Checks as in Table 5.0a (1St priority)
and 2.6 in Table 5.0b

NOTE: A, and B, are the input and output of any one CI Module, C, is any corresponding interface of the host
device.
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6

6.1

Common parameters for satellite and cable

transmission media

System availability

Purpose |The system availability describes the long-term quality of the complete digital transmission system from
MPEG-2 encoder to the measurement point.

Interface |Z

Method The definition of System Availability is based on the list of performance parameters of table 5.2:

Severely Disturbed Period (SDP)
Errored Block (EB)

Unavailable Time UAT

Errored Time Interval ETI/Errored Second (ES)
Severely Errored Time Interval SETI/Severely Errored Second (SES)

The System Availability is defined as the ratio of (Total Time - Unavailable Time) to Total Time.

6.2

Link availability

Purpose |The link availability describes the long term quality of a specified link in a digital transmission chain. It could
be used as a quality of service parameter in contracts between network operators and program providers.

Interface  |X (Overload indicator of the Reed Solomon decoder).

Method The definition of Link availability is based on following performance parameters:

Uncorrectable Packet (UP)

Uncorrectable Time Interval
UTI/Uncorrectable Second (US)

Severely Uncorrectable Time Interval
(SUTI)/Severely Uncorrectable
Second (SUS):

An MPEG-2 TS packet with an uncorrectable error, which is

indicated by overload at the Reed-Solomon decoder.

A given time interval with one or more UPs.

The US is a specific case of the UTI where the given time interval is

one second.

A given time interval which contains greater than a specified

percentage of Uncorrectable Packets, or at least one SDP (see

clause 5.4) or part thereof.

NOTE:  This percentage will not be specified in the present
document, but should be the subject of agreements
between the network operators and the service providers.
The SUS is a specific case of the SUTI where the given
time interval is one second.

Link Unavailable Time LUAT

A start of a period of Link Unavailable Time can be defined as:
e either the onset of N consecutive SUS/SUTI events; or
e the onset of a rolling window of length T in which M
SUS/SUTI events occur.
These time intervals/seconds are considered to be part of the Link
Unavailable Time.
A end of period of Link Unavailable Time can be defined accordingly
as:
e the onset of N consecutive non-SUS/SUTI events; or
e the onset of a rolling window of length T in which no
SUS/SUTI events occur.
These time intervals/seconds are considered to be part of Link
Available Time.
The values N, M and T could differ for different types of service
(video, audio, data, etc.).
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6.3 BER before RS decoder

6.3.0 Introduction

Purpose |The Bit Error Rate (BER) is the primary parameter which describes the quality of the digital transmission
link.

Interface |W

Method The BER is defined as the ratio between erroneous bits and the total number of transmitted bits.

Two alternative methods are available; one for "Out of Service" and a second for "In Service" use. In
both cases, the measurement should only be done within the "link available time" as defined in

clause 6.2.

6.3.1 Out of service

The basic principle of this measurement is to generate within the channel encoder a known, fixed, repeating sequence of
bits, essentially of a pseudo random nature. In order to do this the data entering the sync-inversion/randomization
function is a continuous repetition of one fixed TS packet. This sequence is defined as the null TS packet in

ISO/IEC 13818-1 [i.1] with all data bytes set to 0x00. i.e. the fixed packet is defined as the four byte sequence 0x47,
Ox1F, OxFF, 0x10, followed by 184 zero bytes (0 x 00). Ideally this would be available as an encoding system option
(seeclause A.2).

6.3.2 In service

The basic assumption made in this measurement method is that the RS check bytes are computed for each link in the
transmission chain. Under normal operational circumstances, the RS decoder will correct al errors and produce an
error-free TS packet. If there are severe error-bursts, the RS decoding a gorithm may be overloaded, and be unable to
correct the packet. In this case the transport_error_indicator bit should be set, no other bits in the packet should be
changed, and the 16 RS check bytes should be recal culated accordingly before re-transmission on to another link. The
BER measured at any point in the transmission chain is then the BER for that particular link only.

The number of erroneous bits within a TS packet will be estimated by comparing the bit pattern of this TS packet before
and after RS decoding. If the measured val ue of BER exceeds 10°3 then the measurement should be regarded as
unreliable due to the limits of the RS decoding algorithm. Any TS packet that the RS decoder is unable to correct

should cause the calculation to be restarted.

6.4 Error events logging

Purpose |Error events logging creates a permanent error log which can subsequently be used to locate possible
sources of errors. It may be used as a measure of "system availability" (see clause 6.1 above).
Interface  |Z

Method Loss of sync, loss of signal, and reception of errored TS packets are logged.

In case of sync or signal loss, the absolute time of loss should be recorded, along with either the
duration of loss or the time of recovery from loss. A default time resolution of 1 second is strongly
recommended for this measurement, but other time intervals may be appropriate depending on the
application.

In case of reception of EBs (see clause 6.1), the number of such events in each second should be
logged, together with the PID and the total number of received packets of this PID within the resolution
time. Logging of any other parameters (e.g. overloading of Reed-Solomon decoder, original_network_id,
service_id) are optional.

The error log should store the most recent 1 000 error events as a minimum. Provision should be made
to access all of the error information in a form suitable for further data processing.
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Transmitter symbol clock jitter and accuracy

Purpose

Inaccuracies of the symbol clock concerning absolute frequency, frequency drift and jitter may introduce
intersymbol interference. Additionally, the accuracy of transmitted clock references like the Program
Clock Reference (PCR) can be influenced. Therefore the degradation of signal quality due to symbol
clock inaccuracies has to be negligible. Symbol clock jitter and accuracy can be degraded if the symbol
clock is directly synthesized from an unstable TS data clock. For this reason, the measurement should
be performed while the transmitter is driven by a TS to ensure a worst case measurement is obtained.

Interface

E

Method

For measurements the absolute frequency, frequency wander and timing jitter are of interest. A PLL
circuit can be used for synchronization to the symbol clock and according to the loop bandwidth, timing
jitter is suppressed and low frequency drift (wander) is still present at the output of the loop oscillator.
Jitter can be measured with an oscilloscope by triggering with the extracted clock. Jitter is usually
expressed as a peak-to-peak value in Ul (Unit Interval) where one Ul is equal to one clock cycle

(Tsymbo))- For measurements of the absolute frequency and frequency wander the output of the clock
extractor can be used or the symbol clock can be measured directly using an appropriate frequency

counter.
NOTE:  This measurement refers to the physical layer of TS interconnection. See clause 5.3.2 for

PCR measurements.

6.6

RF/IF signal power

Purpose |Level measurement is needed to set up a network.
Interface  |Any RF/IF interface, N, P.
Method The signal power, or wanted power, is defined as the mean power of the selected signal as would be

measured with a thermal power sensor. Care should be taken to limit the measurement to the bandwidth
of the wanted signal. When using a spectrum analyser or a calibrated receiver, it should integrate the
signal power within the nominal bandwidth of the signal (symbol rate x(1 + o).

6.7 Noise power
Purpose |Noise is a significant impairment in a transmission network.
Interface [N (out of service) or T (in service)
Method The noise power (mean power), or unwanted power, is measured with a spectrum analyser (out of

service) or an estimate is obtained from the 1Q diagram (in service), see clause 6.9.9. The noise level is
specified using either the occupied bandwidth of the signal, which is equal to the symbol rate x (1 + o).
See annex G.

6.8

Bit error count after RS

Purpose |To measure whether the MPEG-2 TS is quasi error free.
Interface |Z
Method The same principle as used for the "Out of service measurement" of the "BER before the

Reed-Solomon decoder" described in clause 6.3.2, with the modification that the result is presented as
an error count rather than a ratio. The receiver only has to compare the received TS packets with the
Null packets as defined in clause A.2.
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6.9 |Q signal analysis

6.9.1 Introduction
Assuming:
- aconstellation diagram of M symbol points; and

- ameasurement sample of N data points, where N is sufficiently larger than M to deliver the wanted
measurement accuracy; and

- the co-ordinates of each received data point j being | it ol i Qj + SQJ- where | and Q are the co-ordinates of the
ideal symbol point and 81 and 8Q are the offsets forming the error vector of the data point (see clause A.3).

— System Target Error (STE)
—— Carrier suppression
—— Amplitude imb@
d —
' —— Phase error
NI

— CW interferer ﬁ\
. — |
|
+

—— Phase jitter

Modulation Error Ratio (MER) N A\
O Signal-to-Noise Ratio (S/N)

Residual Target Error (RTE)
{81, 5Qy}

Figure 6.1: Relationship between the parameters describing different 1Q distortions

Modulation Error Ratio (MER) and the related Error Vector Magnitude (EVM) are calculated from al N data points
without special pre-calculation for the data belonging to the M symbol points.

With the aim of separating individual influences from the received data, for each point i of the M symbol points the
mean distance d; and the distribution o; can be calculated from those 6l ji SQJ- belonging to the point i.

Fromthe M values{d,, d,, ... dy,} theinfluences/parameters:

- origin offset;

amplitude Imbalance (Al); and
- quadrature Error (QE),

can be extracted and removed from the d; values, allowing to calculate the Residual Target Error (RTE) with the same
agorithm as the System Target Error (STE) from {dy, d, ... dy;}.

From the statistical distribution of the M clouds (denoted by o; in figure 6.2) parameters:
- phase jitter; and
- CW interferer,

may be extracted. The remaining clouds (after elimination of the above two influences) are assumed to be due to
Gaussian noise only and are the basis for calculation of the signal-to-noise ratio. The parameter may include - besides
noise - also some other disturbing effects, like small non-coherent interferers or residual errors from the equalizer. From
the SNR value the Carrier/Noise value can be estimated (see clause A.3).

When using the interfaces E or G filtering of the signal before the interface should be considered.
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6.9.2 Modulation Error Ratio (MER)
Purpose |[To provide a single "figure of merit" analysis of the received signal.
This figure is computed to include the total signal degradation likely to be present at the input of a
commercial receiver's decision circuits and so give an indication of the ability of that receiver to correctly
decode the signal.
Interface |E,G,S, T
Method The carrier frequency and symbol timing are recovered, which removes frequency error and phase
rotation. Origin offset (e.g. cause by residual carrier or DC offset), quadrature error and amplitude
imbalance are not corrected.
A time record of N received symbol co-ordinate pairs (r]. Ne) j )is captured.
For each received symbol, a decision is made as to which symbol was transmitted. The ideal position of
the chosen symbol (the centre of the decision box) is represented by the vector (;,.9;) The error
vector (5| i 6Q )is defined as the distance from this ideal position to the actual position of the received
symbol.
In other words, the received vector (I i Q j )is the sum of the ideal vector (.9, and the error
vector (o1 ;,6Q )-
The sum of the squares of the magnitudes of the ideal symbol vectors is divided by the sum of the
squares of the magnitudes of the symbol error vectors. The result, expressed as a power ratio in dB, is
defined as the Modulation Error Ratio (MER).
N
2 2
Z (' i Q] )
MER =10xlog;o{ = dB
2 2
Z (é] j R )
j=1
The definition of MER does not assume the use of an equalizer, however the measuring receiver may
include a commercial quality equalizer to give more representative results when the signal at the
measurement point has linear impairments.
When an MER figure is quoted it should be stated whether an equalizer has been used.
It should be reconsidered that MER is just one way of computing a "figure of merit" for a vector
modulated signal. Another "figure of merit" calculation is Error Vector Magnitude (EVM) defined in
annex C. It is also shown in annex C that MER and EVM are closely related and that one can generally
be computed from the other.
MER is the preferred first choice for various reasons itemized in annex C.
6.9.3 System Target Error (STE) (void)
Figure 6.2: Definition of Target Error Vector (TEV) (void)
6.9.4 Carrier suppression
Purpose |A residual carrier is an unwanted coherent CW signal added to the QAM signal. It may have been
produced by DC offset voltages of the modulating | and/or Q signal or by crosstalk from the modulating
carrier within the modulator.
Interface  |E,G,S, T
Method Search for systematic deviations of all constellation points and isolate the residual carrier. Calculate the

Carrier Suppression (CS) from the formula:

Pig
CS=10xlogyg| —
Pre
where Prc is the power of the residual carrier and Pgjg is the power of the QAM signal (without residual
carrier).
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6.9.5  Amplitude Imbalance (Al)
Purpose [To separate the QAM distortions resulting from Al of the | and Q signal from all other kind of distortions.
Interface  |E, G, S, T
Method Calculate the | and Q gain values v| and vg from all points in a constellation diagram eliminating all

other influences. Calculate Al from V| and Vg:

Al =[2—1]x100%

Vi
with v =min{v|,vg) and v, =max,,vg) -
y _ii i +(a| )|
M =
N
(6, ), =%Zd i (I-component of d; as givenin clause 6.9.3)

N
(a, )Q =%26Qj (Q-component of d; as givenin clause 6.9.3)
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Quadrature Error (QE)

Purpose

The phases of the two carriers feeding the | and Q modulators have to be orthogonal. If their phase
difference is not 90° a typical distortion of the constellation diagram results. The receiver usually aligns

its reference phase in such a way that the 90° error (A(p) is equally spread between (1 and (7.

Q1 le

Decision Boundary

7

Signal Point

—— Decision Boundary Box

90°-QE

Figure 6.3: Distortion of constellation diagram resulting from 1/Q Quadrature Error (QE)

Interface

E,GST

Method

Search for the constellation diagram error shown in figure 6.3 and calculate the absolute value of the
phase difference AQ = |(P; - (] after having eliminated all other influences and convert this into

degrees.
180°
QE= — x|o1—oa| [°]

6.9.7

Void.

6.9.8

Residual Target Error (RTE)

Coherent interferer

Purpose

Coherent interferers (not necessarily related to the main carrier) are usually measured with a spectrum
analyser (out of service, and in some cases in service with narrow resolution bandwidth filter and video
filter at interfaces N and P) or either of the following methods described below (in service). In a
constellation diagram a sine-wave interferer will change the noisy clouds of each system point into a
"donut" shape. From the statistical distribution of the clouds, the amplitude of the interferer can be
calculated if it is above a certain limit. If the frequency of the interferer is of interest or more than one
interferer is present, the Fourier transform method should to be used.

Interface

E,G ST

Method

Perform a Fourier transform of a time record of error vectors to produce a frequency spectrum of the
interferers.
Alternatively, calculate the RMS magnitude a; of the coherent interferer preferably from the statistical

distribution of the 4 inner clouds computed from the measurement sample. Normalize a;to S, and
express the result in dB.

Cll= 20><Ioglo% [dB]

NOTE 1

In the present document, the term "coherent” is applied to signals that have a high degree of correlation
with atime shifted version of itself.
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EXAMPLE 1:  Continuous Waves (CW) or even single channel analogue video modulated carriers, these signals
are coherent although they do not need to be related to the carrier of the digital channel under test.

NOTE 2: Non-coherent is applied to signals with very low correlation to atime shifted version of themselves.

EXAMPLE 2:  Random noise or digitally modulated carriers, as well as the combined result of inter-modulation
by many carriers.

6.9.9 Phase Jitter (PJ)

Purpose |The PJ of an oscillator is due to fluctuations of its phase or frequency. Using such an oscillator to
modulate a digital signal results in a sampling uncertainty in the receiver, because the carrier
regeneration cannot follow the phase fluctuations.

The signal points are arranged along a curved line crossing the centre of each decision boundary box as
shown in figure 6.4 the four "corner decision boundary boxes".

Qi

e = —

e — — - — — 4

| Arc section through a
) / "Corner Decision Boundary Box"

A S R R O R R for calculation of the Phase Jitter

L4141 _J___l_-__L__1

|
|
|
|
|
|
|
|
|
[
|
|
1
|
|
|
|

Figure 6.4: Position of arc section in the constellation diagram to define the PJ
(example: 64-QAM)

Interface |E,G,S, T
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Method

Phase Jitter (PJ) can be calculated theoretically using the following algorithm:
For every received symbol:
1) Calculate the angle between the I-axis of the constellation and the vector to the received

symbol (I,Q):

Q

¢1 = arctanT
2) Calculate the angle between the I-axis of the constellation and the vector to the corresponding
ideal symbol (I,Q):
Q

¢2 = arctan |_

3) Calculate the error angle:

PE=0—0

From these N error angles calculate the RMS phase jitter:

N N 2
1w o, 1
P N2 | L

However, the following method may be more practical.

The first approximation of the "arc section" of a "corner decision boundary box" is a straight line parallel
to the diagonal of the "decision boundary box". Additionally the curvature of the Phase Jitter (PJ) trace
has to be taken into account when calculating the standard deviation of the PJ. The mean value of the
PJ is calculated in degrees.

180° . Opy
PJ=—xarcs
74 {\/in\/M —lixdj

where M = order of QAM and 2d = distance between two successive boundary lines.
Within the argument of the arc sine function, the standard deviation of the PJ is referenced to the
distance from the centre of the "corner decision boundary box" to the centre point of the QAM signal.

6.9.10 Signal-to-Noise Ratio (SNR)

Purpose [See 6.9.1
Interface |S, T
Method See 6.9.1, G.8, A.3

6.10

Interference

Purpose In a CATV network interference products can be caused by modulators and frequency converters.
Interface  |N (out of service) or S, T (in service).
Method Out of service interference products are measured with a spectrum analyser and in some cases

in-service measurements can be done if a narrow resolution bandwidth filter and video filtering is used
to lower the response of the instrument to the signal spectrum. If the frequency of the expected
interference is known, the measurement can be made easily and quickly. In-service information of
coherent interference can be derived from the constellation, clause 6.9.8.

In some circumstances the residual carrier level can be measured with a spectrum analyser, by using a
narrow resolution bandwidth filter and video filtering, at the interfaces H, J, N, P. The CS can be
calculated as ten times the logarithm (base 10) of the ratio of the signal power measured as described
in clause 6.6, to the measured remaining carrier power.
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7 Cable specific measurements

7.0 Introduction

In SMATYV networks that distribute the 1st satellite | F directly to subscribers, some parameters of this clause can be
defined accordingly for QPSK modulated signals.

7.1 Noise margin

Purpose [To provide an indication of the reliability of the transmission channel. The noise margin measurement is
a more useful measure of system operating margin than a direct BER measurement due to the
steepness of the BER curve.

Interface  |The reference interface for the noise injection is the RF interface (N). For practical implementation,
other interfaces can be used, provided equivalence can be shown, for example P.

Method The noise margin is computed by adding white Gaussian noise on the received signal. The noise
margin will be the difference in dB between the carrier to noise ratio (C/N) of the received signal and

the carrier to noise ratio for a BER of 104 (before RS decoding).

7.2 Estimated noise margin

Purpose |To provide an indication of the reliability of the transmission channel without switching off the service.
The noise margin measurement is a more useful measure of system operating margin than a direct
BER measurement due to the steepness of the BER curve.

Interface  |T

Method The estimated noise margin is computed by simulating the addition of white Gaussian noise to the
demodulated data and predicting the resulting BER by statistical methods.

The noise margin will be the difference in dB between the estimated SNR of the received signal and

the synthesized SNR which gives a predicted BER of 10" (before RS decoding).

7.3 Signal quality margin test
Void.

Figure 7.1: Quality thresholds for single constellation in the I/Q plane (void)
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7.4 Equivalent Noise Degradation (END)

Purpose END is a measure of the implementation loss caused by the network or the equipment where the
reference is the ideal performance.
Interface T (BER) and N or P or R (noise injection)
Method  |The END is obtained from the difference in dB of the C/N or E,/N,, ratio needed to reach a BER of 10"
and the C/N or E,/N, ratio that would theoretically give a BER of 104, for a Gaussian channel.
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Figure 7.2: Measurement of equivalent noise degradation
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Figure 7.2 gives a quantitative curve of the BER in DVB-C systems.

7.5

BER vs. Ep/No

Purpose |The BER vs. E, /N, measurement enables a graph to be drawn which shows the implementation loss of
the system over a range of Bit Error Rates. The residual BER at high E./N, values is an indicator of
possible network problems. C/N measurements can be converted to E. /N, as shown

EV (7 BWhoise .
= +10logjp———= [in dB
No N G10 foxm [ ]
m is the number of bits per symbol (m = 6 for 64-QAM) and N is measured in the Nyquist bandwidth
(symbol rate as indicated in clause 6.7).

Interface  |T (BER) and N or P or R (noise injection)

Method  |The BER vs. E,/N, curve will be measured using the RF and noise power measurements described
above. The BER range of interest is 10”7 to 103, The Ep/N, value is based on the gross bitrate
(including RS error correction) and the net bitrate value of E, /N, can easily be calculated using the RS
rate, using the following conversion factor for a RS (204, 188) code (see annex G).

204
10 x| ——|=+0,35dB
0910 [ 188 j

7.6

Phase noise of RF carrier

Purpose

Phase noise can be introduced at the transmitter side or by the receiver due to unstable local
oscillators.

Phase noise outside the loop bandwidth of the carrier recovery circuit leads to a circular smearing of
the constellation points in the I/Q plane. This reduces the operating margin (noise margin) of the
system and may directly increase the BER.

Interface

Any RF/IF interface, N, P

Method

Phase noise power density is normally expressed in dBc/Hz at a certain frequency offset from the
carrier. Out of service phase noise will be measured with a spectrum- or modulation- analyser.

7.7

Amplitude, phase and impulse response of the channel

Purpose Linear distortions, like amplitude and phase response errors and echoes, will be caused for instance by
long lengths of cable and the cascading of a high number of amplifiers. The impulse response is
important to localize the discrete reflections that may occur in cable networks.

Interface |S, T

Method The impulse response of the transmission channel can be calculated (inverse Fourier transform) from

the amplitude and phase response. The amplitude and phase response are defined as the RF-channel
response. The amplitude response of the transmission channel can be derived from the equalizer tap
coefficients or can be calculated directly from the "I" and "Q" samples, for example by using auto- and
cross-correlation functions.

7.8

Out of band emissions

Purpose To prevent interference in other channels in the network the RF signal should comply with the spectrum
mask specified for the network under test.

Interface  |Transmitter output, J

Method Spectrum analyser
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8 Satellite specific measurements

8.1 BER before Viterbi decoding

Purpose  |This measurement gives an indication of the transmission link performance. Due to typical error rates
ranging from 7 x 102 to 10" the measurement can be done in a reasonable amount of time. Outside
of this range the accuracy of the results may not be guaranteed.

Interface  |[The measurement should be done before the Viterbi decoder (Interface T of the receiver).

Method The signal after Viterbi decoding in the measurement instrument is coded again using the same coding
scheme as in the transmitter, in order to produce an estimate of the originally coded | and Q
sequences. These sequences are compared at bit level with the sign-values of the signals that are
available before Viterbi decoding.

The BER for the | and Q paths should be made available separately. The measurement should be
based on at least several hundred bit errors. For fast evaluation, in the case that the BER is lower than
1074, it should be possible to stop the measurement after approximately 1 second.

For accurate measurement of E /N, at the quasi error free threshold, the measurement time and the
presentation of the result should be such that an accuracy of three decimal place can be achieved. The
quasi error free threshold corresponds to a BER before Viterbi decoding in the range 7 x 102 to

7 x 10'3,depending on the selected convolutional code rate; or a BER after Viterbi decoding of 2 x 104,
|

Viterbi
Q| Decoder -
Convolutional
Coder
| Q
I e B
Delay Comparison
Q Q

BER(I) BER(Q)

Figure 8.1: BER measurement before Viterbi decoding

8.2 Receive BER vs. Ep/No

Purpose To verify overall clear sky link performance and link margin using a reference down link for acceptance
tests.

Interface After Viterbi decoding, V

Method This is an out-of-service-measurement. The BER measurement should be based on the null packets
inserted at the modulator as defined in clause A.1.

To obtain the various values necessary for the curve BER over E, /N, white Gaussian noise is injected
at the receiver site. In order to get accurate results it should be verified that the inserted noise level is
at least 15 dB above the system noise. This can easily be observed on a spectrum analyser by
switching the inserted noise on and off. Stable reception conditions are a precondition for accurate
measurement results.

The RS decoding should be deactivated, or bypassed to avoid excessively long measurement periods.
The BER range of interest is 109 to 10°2.

The measurement values are compared with the theoretical values. The value for the Equivalent Noise
Degradation (END) at a BER of 104 can be derived from this information as well.

For evaluation of E/N, only the number of information bits (the net bitrate) should be taken into
account.
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8.3 IF spectrum

Purpose |To prevent interference into other channels and to be compliant with the DVB specification the
modulator output spectrum should be according with the one specified in ETSI EN 300 421 [i.5].
Interface  |H, input of the up-converter, typically 70 MHz or 140 MHz (Modulator output plus equipment for the
connection to the up-converter input).

Method Spectrum analyser and template for amplitude response, network analyser and template for group
delay response, both as specified in ETSI EN 300 421 [i.5].

9 Measurements specific for a terrestrial (DVB-T)
system
9.0 Introduction

Theintention of these guidelinesisto provide alist of measurements useful in aDVB-T OFDM environment. The
different options could be selected by the users of the system. Equipment manufacturers (both transmitters and
receivers) as well as the operators, can choose those measurements that best fit their needs. A list of the applicability of
the measurement parameters described in the present document to the DVB-T transmitter, receiver and network is given
intable9.1.

The measurements 6.1 " System availability" and 6.2 "Link availability" are also valid for Terrestrial (not only for Cable
and Satellite) and for any contribution link like SDH, PDH, etc.

Table 9.1: DVB-T measurement parameters and their applicability

Measurement parameter Transmitter | Network | Receiver
1) RF frequency measurements
1.1) RF frequency accuracy (Precision)
1.2) RF channel width (Sampling Frequency Accuracy)
1.3) Symbol Length measurement at RF (Guard Interval verification)
2) Selectivity
3) AFC capture range
4) Phase noise of local oscillators (LO)
5) RF/IF signal power
6) Noise power
7) RF and IF spectrum
8) Receiver sensitivity/dynamic range for a Gaussian channel
9) Equivalent Noise Degradation (END)
9a) Equivalent Noise Floor (ENF)
10) Linearity characterization (shoulder attenuation)
11) Power efficiency
12) Coherent interferer
13) BER vs. C/N ratio by variation of transmitter power
14) BER vs. C/N ratio by variation of Gaussian noise power
15) BER before Viterbi (inner) decoder
16) BER before RS (outer) decoder
17) BER after RS (outer) decoder
18) 1/Q analysis
18.1) N/A
18.2) Modulation Error Ratio
18.3) System Target Error
18.4) Carrier Suppression
18.5) Amplitude Imbalance
18.6) Quadrature Error
18.7) Phase Jitter
19) Overall signal delay
20) SEN synchronization
20.1) MIP_timing_error
20.2) MIP_structure_error

XXX

XX

XXX [X|X

X

x| X

XXX X[ XX

XXX
XX XX XX
XXX

XXX [X XX

XXX XXX | X

XX
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Measurement parameter Transmitter | Network | Receiver
20.3) MIP_presence_error X
20.4) MIP_pointer_error X
20.5) MIP_periodicity _error X
20.6) MIP_ts_rate_error X
21) System Error Performance X X X
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Figure 9.1: Block diagram of a DVB-T transmitter
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Figure 9.2: Block diagram of a DVB-T receiver
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RF frequency measurements

General

The accuracy of some basic parameters of the OFDM modulation may be carried out at the RF layer of the DVB-T

signal.

9.1.1

RF frequency accuracy (Precision)

Purpose

Successful processing of OFDM signals requires that certain carrier frequency accuracy be maintained
at the transmitter. Specific network operations modes such as SFN require high accuracy of the carrier
frequency.

Interface

L, M

Method

The 8k mode of the DVB-T always has a continual pilot, with continuous phase along successive OFDM
symbols, exactly at the channel centre (k = 3 408). Its frequency may be directly measured by any
spectrum analyser that has an integrated counter and at least a resolution filter of 300 Hz or less (if
necessary by utilizing a reference source of sufficient accuracy).

The 2k mode has a continual pilot with continuous phase at k = 1 140. Its frequency may be directly
measured by any spectrum analyser that has an integrated counter and at least a resolution filter of
300 Hz or less (if necessary by utilizing a reference source of sufficient accuracy). The centre channel
frequency may be inferred by subtracting to the measured frequency:

8 MHz channels: 285 714 Hz i.e. [(1 140 - 852) x 4 464,2 857 = 1 285 714 Hz].
7 MHz channels: 1125 000 Hz i.e. [(1 140 - 852) x 3 906,25 = 1 125 000 Hz].
6 MHz channels: 964 286 Hz i.e. [(1 140 - 852) x 4 464,2857 = 964 286 Hz].
NOTE:  For 2k mode this method may have some inaccuracy if the sampling frequency of the
modulator is not precise, however such error in the sampling frequency would need to be
very high to significantly affect the centre channel measurement. Should more accuracy

needed, the two outer continual pilots may be measured as indicated under clause 9.1.2 RF
channel width, and the mean of the two values be calculated.

9.1.2

RF channel width (Sampling Frequency Accuracy)

Purpose

Channel width measurements are convenient for verification that sampling frequency accuracy is
maintained at the modulator side.

Interface

L, M

Method

The occupied bandwidth of a COFDM modulated channel depends directly from the frequency spacing

and this from the sampling frequency.

The outermost carriers in a DVB-T signal are continual pilot carriers. Their frequencies are measured

(see clauseE.1) and the difference between them should be compared to the nominal channel width of

7 607 142,857 Hz for 8 MHz channels, 6 656 250,000 Hz for 7 MHz channels and 5 705 357,143 Hz for

6 MHz channels.

NOTE: Three decimal places are given here for completeness only. Accuracy of 1 Hz at 5 MHz
means 0,2 x 1076 per Hz, which may be enough for most cases of sampling frequency
measurement. Measurement instruments should have better accuracy and resolution
(typically in the order of ten times) than the required measurement accuracy.

If the frequency of the outermost carriers is known, see clauses E.1.3 and E.1.4 for how to measure

them, then the related values may be calculated as per table below. Denoting the outermost pilot

frequencies as F| and F, appropriately the occupied bandwidth is OB = F, _ F,. The number of carriers

is K, and for the 2k mode K-1 = 1 704 while for the 8k mode K-1 = 6 816.
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Table 9.2: Calculated values

8k mode | 2k mode
Occupied bandwidth Fu-FL
Frequency Spacing (Fy - FD/6 816 (Fy - FD/IL 704
Useful duration 6 816/(F, - F)) 1704/(Fy - F)
Centre channel 1St IF (Fy - F) x4 096/(K-1) (Fy - FD x 1 024/(K-1)
Sampling Frequency (Fy - F) x 16 384/(K-1) (Fy - F) x 4 096/(K-1)

9.1.3 Symbol Length measurement at RF (Guard Interval verification)
Purpose Verification of the guard interval used in a received DVB-T signal may be carried out at RF level by
careful frequency measurements. This measurement is valid in cases where there is an uncertainty on
whether a modulator is correctly working and producing a signal with the expected or assigned Guard
Interval.
Interface L, M
Method The scattered pilots produce a pulsed-like spectrum every third carrier in a DVB-T spectrum due to their

repetition presence at the same phase and location every fourth symbol. The frequency difference
between two contiguous spectral lines representing a scattered pilot represents the inverse of the time
length of four consecutive DVB-T symbols.

Measuring such frequency difference and dividing its inverse by 4 will provide the total symbol length Tg
of the measured signal. By subtracting the nominal useful symbol duration T, the length of the Gl is

found. See clause E.1 for details on the measurement procedure and symbol lengths.

9.2

Selectivity

Purpose |[To identify the capability of the receiver to reject out-of-channel interference.

Interface |The measurement of the signal input level and the interferer should be carried out at the interface N,
using interface W or X for the BER monitoring.

Method The input power is adjusted to 10 dB above the minimum input power as defined in "Receiver

sensitivity" (see clause 9.8). The C/I threshold needed for QEF operation after RS decoder

(BER < 2 x 104 before RS decoder) should be measured as a function of the frequency of a CW
interferer.

9.3

AFC capture range

Purpose |To determine the frequency range over which the receiver will acquire overall lock.
Interface [N, for the application of the test signal; Z, for the test of TS synchronization
Method A signal is applied to the input of the receiver, at a level 10 dB above the minimum input power as

defined in "Receiver sensitivity" (see clause 9.8). The signal is frequency shifted in steps (from below
and above) towards a nominal value and the Sync_byte_error is verified according to clause 5.2.1
(Measurement and analysis of the MPEG-2 TS - First priority: necessary for decodability (basic
monitoring)).
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Phase noise of Local Oscillators (LO)

Purpose

Phase noise can be introduced at the transmitter, at any frequency converter or by the receiver due to
random perturbation of the phase of the oscillators.

In an OFDM system the phase noise can cause Common Phase Error (CPE) which affects all carriers
simultaneously, and which can be minimized or corrected by using the continual pilots. However the
Inter-Carrier Interference (ICl) is noise-like, cannot be corrected.

The effects of CPE are similar to any single carrier system and the phase noise, outside the loop
bandwidth of the carrier recovery circuit, leads to a circular smearing of the constellation points in the I/Q
plane. This reduces the operating margin (noise margin) of the system and may directly increase the
BER.

The effects of ICI are peculiar to OFDM and cannot be corrected for. This has to be taken into account
as part of the total noise of the system.

Interface

Any access to Local Oscillators (LO), in transmitters, converters and receivers.

Method

Phase noise can be measured with a spectrum analyser, a vector analyser or a phase noise test set.

Method for
CPE

Phase noise power density is normally expressed in dBc/Hz at a certain frequency offset from the local

oscillator signal. It is recommended to specify a spectrum mask with at least three points (frequency

offsets and levels), for example see figure 9.3.

NOTE: See clauses A.4 and E.4 for additional information on phase noise measurements. See
clause E.4.1 for some practical information.

Carrier

EEE——

Frequency offsetts >

Possible mask for CPE measurements. The points A, B and C to be defined.

Figure 9.3: Possible mask for CPE measurements

Method for
ICI

For the measurement of ICI, the use of multiples of the carrier spacing is recommended for the

frequencies, f, f,, f..

Typical use

Table 9.3: Frequency offsets for 2 k and 8 k systems

2 k system 4.5 kHz 8,9 kHz 13,4 kHz

8 k system 1,1 kHz 2,2 kHz 3,4 kHz

For manufacturing, incoming inspection and maintenance of modulators, transmitters, up/down
converters and receivers, either professional or consumer type.
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RF/IF signal power

Purpose |Signal power, or wanted power, measurement is required to set and check signal levels at the
transmitter and receiver sites.

Interface  |K,L, M, N, P

Method The signal power of a terrestrial DVB signal, or wanted power, is defined as the mean power of the

signal as would be measured with a thermal power sensor. In the case of received signals care should
be taken to limit the measurement to the bandwidth at the wanted signal. When using a spectrum
analyser or a calibrated receiver, it should integrate the signal power within the nominal bandwidth of the
signal (n x fgpacing) Where n is the number of carriers.

9.6 Noise power
Purpose Noise is a significant impairment in a transmission network.
Interface N,P
Method The noise power (mean power), or unwanted power, can be measured with a spectrum analyser (out of
service). The noise power is specified using the occupied bandwidth of the OFDM signal (n x fq,,ne)
where n is the number of carriers.
NOTE: Theterm C/N should be calculated as the ratio of the signal power, measured as described in clause 9.5,

9.7

to the noise power, measured as described in this clause.

RF and IF spectrum

Purpose To avoid interfering with other channels, the transmitted RF spectrum should comply with a spectrum
mask, which is defined for the terrestrial network. If the spectrum at the modulator output is defined by
a spectrum mask, the same procedure can be applied to the IF signal (with no pre-correction active).

Interface K, M

Method This measurement is usually carried out using a spectrum analyser. The spectral density of a terrestrial

DVB signal is defined as the long-term average of the time-varying signal power per unity bandwidth
(i.e. 1 Hz). Values for other bandwidths can be achieved by proportional increase of the values for unity
bandwidth.

To avoid regular structures in the modulated signal a non-regular, e.g. a Pseudo-Random Binary
Sequence (PRBS) - like or a programme type digital transmitter input signal is necessary.

Care has to be taken that the input stage of the selective measurement equipment is not overloaded by
the main lobe of the signal while assessing the spectral density of the side lobes, i. e. the out-of-band
range. Especially in cases with very strong attenuation of the side lobes non-linear distortion in the
measurement equipment can produce side lobe signals that mask the original ones. Selective
attenuation of the main lobe has proven to be in principal a way to avoid this masking effects. However,
as the frequency response of the band-stop filter has to be included in the evaluation, the whole
measurement procedure may become somewhat complex.

For the resolution bandwidth, the recommended values should not exceed 30 kHz. Preferred values
are approximately 4 kHz. The measurement should be Noise-normalized to 4 kHz.

9.8

Receiver sensitivity/dynamic range for a Gaussian channel

Purpose For network planning purposes, the minimum and maximum input powers for normal operation of a
receiver have to be determined.

Interface  |Test signals are applied and measured at interface N; interfaces W or X are used for the monitoring of
BER before RS.

Method The minimum and maximum input power thresholds for QEF (Quasi Error Free) operation after the RS
decoder (i.e. BER < 2 x 10" before RS decoding) should be measured. The dynamic range is the
difference between the measured values.
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9.9 Equivalent Noise Degradation (END)

9.9.0 General

Purpose END is a measure of the implementation loss caused by the network or the equipment where the
reference is the ideal performance.

Interface W or X for BER measurement; N, P or S for noise injection

Method The END is obtained from the difference in dB of the C/N ratio needed to reach a BER of 2 x 104

before RS (outer) decoding, and the C/N ratio that would theoretically give a BER of 2 x 104 for a
Gaussian channel (see annex A of ETSI EN 300 744 [i.9]).

9.9.1 Equivalent Noise Floor (ENF)

Purpose ENF is a measure of the implementation loss caused by the transmitting equipment where the
reference is the ideal transmitter.

Interface  |M for noise power measurement, W or X for BER measurement; N, P or S for noise injection
Method The ENF is obtained from the measurement of additional noise needed to reach a BER of 2 x 1074

before RS (outer) decoding, and the noise level that would theoretically give a BER of 2 x 104 for a
Gaussian channel (see annex A of ETSI EN 300 744 [i.9]) as described in clause B.12.

Note on END and ENF:

The impact of the DVB-T transmitter on the overall system performance, when a certain DVB-T mode is being received
by the reference receiver, viaa Gaussian channel, is assessed by the measurement of the END.

The reference receiver isin the present document defined as a DV B-T receiver which require a C/N which is 3,0 dB
higher than the C/N figuresindicated in ETSI EN 300 744 [i.9], on a Gaussian channel.

The END isin the present document defined to be the difference between required C/N, for a BER of 2 x 104 after
convolutional decoding on the reference receiver, using areal and anideal DVB-T transmitter.

The END is not only a characteristic of the transmitter itself but is also dependent on the used DVB-T mode and on the
receiver implementation loss (thisis why afixed 3,0 dB receiver implementation loss is defined for the reference
receiver).

The END should not exceed [0,5] dB and should be independent of the selected guard interval. Depending on the
requirements of the network operator typical END values fall in the range[0,1-0,4] dB.

For the determination of the END value another parameter, the Equivalent Noise Floor ENF, can be used. As described
in clause B.12, this should result in an improved accuracy for the END.

As opposed to the END the ENF isrelatively independent of the DVB-T mode used and on the receiver implementation
loss and can therefore be used to characterize the transmitter by itself. Depending on whether there is a need for
characterizing the DVB-T transmitter by itself, or whether there is a need to characterize its effect on a receiver, the
ENF can sometimes be used as an alternative to END as a performance parameter.

The influences of intermodulation and amplitude ripple are expected to dominate in practise in the performance
parameter END.

(The Group Delay response of a transmitter needs to be defined by network operators depending on the configurationin
use (channel combiners, output filters, etc.).)
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Linearity characterization (shoulder attenuation)

Purpose The "shoulder attenuation” can be used to characterize the linearity of an OFDM signal without
reference to a spectrum mask.

Interface M

Method Apply the following procedure on the measured RF spectrum of the transmitter output signal:

(a) Identify the maximum value of the spectrum by using a resolution bandwidth at approximately
10 times the carrier spacing.
(b) Place declined, straight lines connecting the measurement points at 300 kHz and 700 kHz
from each of the upper and lower edges of the spectrum. Draw additional lines parallel to
these, so that the highest spectrum value within the respective range lies on the line.
Subtract the power value of the centre of the line (500 kHz away from the upper and lower
edge) from the maximum spectrum value of (a) and note the difference as the "shoulder
attenuation" at the upper and lower edge.
Take the worst case value of the upper and lower results from (c) as the overall "shoulder
attenuation”.
For a quick overview the value at e.g. 500 kHz can be measured directly provided that
coherent interferers are not present.

(©

(d)

NOTE:

9.11

Power efficiency

Purpose To compare the overall efficiency of DVB transmitters.
Interface  |M
Method Power efficiency is defined as the ratio of the DVB output power to the total power consumption of the

chain from TS input to the RF signal output including all necessary equipment for operation such as
blowers, transformers etc. (and is usually quoted in % terms). The operational channel and the
environmental conditions need to be specified.

9.12

Coherent interferer

Purpose To identify any coherent interferer which may influence the reliability of the I/Q analysis or the BER
measurements.

Interface |[NorP

Method The measurement is carried out with a spectrum analyser. The resolution bandwidth is reduced

stepwise so that the displayed level of the modulated carriers (and of the unmodulated pilots, due to
the influence of the guard interval) is reduced. The CW interferer is not affected by this process and
can be identified after appropriate averaging of the trace.

9.13

BER vs. C/N ratio by variation of transmitter power

Purpose

To evaluate the BER performance of a transmitter as the Carrier to Noise (C/N) ratio is varied, with the
measurement repeated for a range of mean transmitted output powers. This measurement can be used
to compare the performance of a transmitter with theory or with other transmitters.

Interface

From F to U or from E to V

Method

A Pseudo-Random Binary Sequence (PRBS) is injected at interface F (or E). The various C/N ratios
are established at the input of the test receiver by addition of Gaussian noise, and the BER of the
received PRBS is measured at point V (or U) using a BER TEST Set. The measurement is repeated for
a range of mean transmitted output power.

If the ability to generate a PRBS at interface F (or E) is included in the transmitting equipment for test
purposes, then it should be a 223 - 1 PRBS as defined by Recommendation ITU-T 0.151 [i.12].

For the measurement of carrier and noise power, the system bandwidth is defined as n x fgp e inG:

where n is the number of active carriers (e.g. 6 817 or 1 705 carriers in an 8 MHz channel) and
fspacing i the frequency spacing of the OFDM carriers.

NOTE:

Transmitter back-off is defined as the ratio of the rated pulsed peak power of the transmitter to the mean

power of the signal. The rated pulsed peak power is normally equivalent to the peak sync power of a
standard B, D, G, H, | or K RF signal.
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BER vs. C/N ratio by variation of Gaussian noise power

Purpose

To evaluate the BER performance of a receiver as the Carrier to Noise (C/N) ratio is varied by
changing the added Gaussian noise power. This measurement can be used to compare the
performance of a receiver with theory or with other receivers. For example to evaluate the influence of
receiver noise floor.

Interface

From Fto U or from E to V.

Method

A Pseudo-Random Binary Sequence (PRBS) is injected at interface F (or E). Various C/N ratios are
established at the input of the receiver under test by addition of Gaussian noise and the BER of the
received PRBS is measured at point V (or U) using a BER test set.

A test transmitter should be able to generate the 223 - 1 PRBS as defined by Recommendation
ITU-T 0.151 [i.12].
For the measurement of carrier and noise power, the system bandwidth is defined as n X fgpacing

where n is the number of active carriers i. e. 6 817 or 1 705 carriers and fgp g IS the frequency
spacing of the OFDM carriers.

NOTE:

9.15

The bandwidth in an 8 MHz channel is approx. 7,61 MHz, in a7 MHz channel systemiit is 6,66 MHz and
5,71 MHz in a6 MHz channdl.

BER before Viterbi (inner) decoder

Purpose |This measurement gives an in-service indication of the un-coded performance of the transmitter,
channel and receiver.

Interface  |V.

Method The signal after Viterbi decoding in the test receiver is coded again using the same convolutional coding

scheme as in the transmitter in order to produce an estimate of the originally coded data stream. This
data stream is compared at bit-level with the signal which is available before Viterbi decoder.
The measurement should be based on at least several hundred bit errors.

\% Viterbi W
Decoder

Outer X
. —>
de-interleaver

Convolutional
Coder

Delay Comparison

%

BER

Figure 9.4: BER measurement before Viterbi decoding

9.16

BER before RS (outer) decoder

9.16.0 General

Purpose The BER is the primary parameter which describes the quality of the digital transmission link.
Interface W or X
Method The BER is defined as the ratio between erroneous bits and the total number of transmitted bits.

Two alternative methods are available; one for "Out of Service" and a second for "In Service" use. In
both cases, the measurement should only be done within the Link Available Time (LAT) as defined in
clause 6.2.
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9.16.1 Out of Service

The basic principle of this measurement is to generate within the channel encoder a known, fixed, repeating sequence of
bits, essentially of a Pseudo-Random nature. In order to do this the data entering the sync-inversion/randomization
function is a continuous repetition of one fixed TS packet. This sequence is defined as the null TS packet in

ISO/IEC 13818-1 [i.1] with all data bytes set to 0x00; i.e. the fixed packet is defined as the four byte sequence 0x47,
Ox1F, OxFF, 0x10, followed by 184 zero bytes (0x00). Ideally this would be available as an encoding system option.

The apparently obvious alternative of injecting a PRBS in the transmitter at the output of the RS encoder is not used
because of the requirement to have sync bytes to ensure correct operation of the byte interleaver. Insertion after the byte
interleaver is not appropriate because it is not then directly comparable with the in-service measurement.

9.16.2 In Service

The basic assumption made in this measurement method is that the RS check bytes are computed for each link in the
transmission chain. Under normal operational circumstances, the RS decoder will correct al errors and produce an
error-free TS packet. If there are severe error-bursts, the RS decoding a gorithm may be overloaded, and be unable to
correct the packet. In this case the transport_error_indicator bit should be set, no other bits in the packet should be
changed, and the 16 RS check bytes should be recal culated accordingly before re-transmission on to another link. The
BER measured at any point in the transmission chain is then the BER for that particular link only.

The number of erroneous bits within a TS packet will be estimated by comparing the bit pattern of this TS packet before
and after RS decoding. If the measured val ue of BER exceeds 10°3 then the measurement should be regarded as
unreliable due to the limits of the RS decoding algorithm. Any TS packet that the RS decoder is unable to correct

should cause the calculation to be restarted.

9.17 BER after RS (outer) decoder (Bit error count)

Purpose  |To gain information about the pattern with which bit errors occur.

Interface  |Z

Method The same principle as used for the "Out of service" measurement of the "BER before the RS decoder"
described in clause 9.16.1, with the modification that the result is presented as an error count rather
than a ratio. The receiver only has to compare the received TS packets with the Null packets as
defined in clause A.1.2. This method is applicable for cases where the BER before RS decoder is lower
than approximatively 1073,

This can be used as one parameter for the estimation of the quality of the transmission link as it was
defined by the operator, or for localization of specific problems.

9.18 1Q signal analysis

9.18.1 Introduction

The IQ analysis can be applied on single carriers of the OFDM signal as well as on groups of carriers. If groups of
carriers are under consideration all received symbols of this group can be superimposed in order to get one common
constellation diagram. Since the scattered pilot carriers, the continual pilot carriers and the TPS carriers are transmitted
in adifferent modulation scheme it is recommended to exclude these carriers from the 1Q analysis or apply a specific 1Q
anaysis.

Assuming:

- aconstellation diagram of M symbol points and K carriers under consideration with
0 <K <Kpax +1land Ky ax + 1isthetotal number of active OFDM carriers (i.e. 1 705 or 6 817 carriers);

- ameasurement sample of N data points, where N is sufficiently larger than M x K to deliver the wanted
measurement accuracy; and
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- the co-ordinates of each received data point j being | I ol i Qj + SQJ- where | and Q are the co-ordinates of the

ideal symbol point and 81 and 6Q are the offsets forming the error vector of the data point (aslong as the
respective carrier isa"useful”" one).

The following six parameters can be calculated, which give an in-depth analysis of different influences, al deteriorating
the signal.

Modulation Error Ratio (MER) and the related Error Vector Magnitude (EVM) are calculated from all N data points
without special pre-calculation for the data belonging to the M symbol points.

With the aim of separating individual influences from the received data, for each point i of the M symbol points the
mean distance d; and the distribution o; can be calculated from those 3l ji SQJ- belonging to the point i.

Fromthe M values{d1, d2, ... dM} the influences/parameters:
- Origin offset/Carrier suppression (CS);
- Amplitude Imbalance; and
- Quadrature Error (QE)

(only for 2 k modes since the centre carrier needs to carry a complete constellation which is not the case in an 8k system
where the centre carrier isacontinual pilot) can be extracted and removed from the d; values, alowing to calculate the

Residual Target Error (RTE) with the same algorithm as the System Target Error (STE) from {dy, d,, ... dy;}.

From the statistical distribution of the M clouds the parameters:
- Phase Jitter (PJ); and
- coherent interferer (if it is dominant)

may be extracted. The remaining clouds (after elimination of the above two influences) are assumed to be due to
Gaussian noise only and are the basis for calculation of the signal-to-noise ratio. The parameter may include - besides
noise - also some other disturbing effects, like small coherent interferers or residual errors from the channel correction.

When using the interfaces Sor T filtering of the signal before the interface should be considered.

The parameters Origin offset/Carrier suppression (CS), Amplitude Imbalance (Al) and Quadrature Error (QE) are
typical performance parameters of the modulator. The other parameters are also influenced by the transmission system
and the receiver/demodul ator.

It should be noted that the channel estimation/channel correction mechanism can have an impact on the measurement
results. Thisis particularly true for measurementsin the field or under simulated but realistic reception conditions.

For measurements taken at the output of atransmitter thisimpact of the channel estimation/channel correction
mechanism is negligible.

For comparison of measurement results, information on the character of the channel estimation/channel correction
mechanism should be provided.
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9.18.2 Modulation Error Ratio (MER)

Purpose To provide a single "figure of merit" analysis of the K carriers.

Interface  |S, Tand H

Method The carrier frequency of the OFDM signal and the symbol timing are recovered. Origin offset of the
centre carrier (e.g. caused by residual carrier or DC offset), Quadrature Error (QE) and Amplitude
Imbalance are not corrected.

A time record of N received symbol co-ordinate pairs (r]. ,Q j ) is captured.

For each received symbol, a decision is made as to which symbol was transmitted. The error vector is
defined as the distance from the ideal position of the chosen symbol (the centre of the decision box) to
the actual position of the received symbol.

This distance can be expressed as a vector (gl [0Q )-

The sum of the squares of the magnitudes of the ideal symbol vectors is divided by the sum of the
squares of the magnitudes of the symbol error vectors. The result, expressed as a power ratio in dB, is
defined as the MER.

 (7-+07)

MER = 10x log;o ,fl— dB
(‘3] +&?J)

=1

It should be reconsider that MER is just one way of computing a "figure of merit" for a vector modulated
signal. Another "figure of merit" calculation is Error Vector Magnitude (EVM) defined in annex C of the
present document. It is also shown in annex C that MER and EVM are closely related and that one can
generally be computed from the other.

MER is the preferred first choice for various reasons itemized in annex C of the present document.

9.18.3 System Target Error (STE) (void)

Figure 9.5: Definition of Target Error Vector (TEV) (void)

9.18.4 Carrier Suppression (CS)

Purpose  |A residual carrier is an unwanted coherent signal added to the centre carrier of the OFDM signal. It
may have been produced by dc offset voltages of the modulating | and/or Q signal or by crosstalk from
the modulating carrier within the modulator.

Interface  |SandT.

Method Search for systematic deviations of all constellation points of the centre carrier and isolate the residual
carrier. Calculate the Carrier Suppression (CS) from the formula:

P .
cszloxloglo[ﬂ]
Pre

where Prc is the power of the residual carrier and Pg;jq is the power of the centre carrier of the OFDM
signal (without residual carrier).

NOTE: Not applicable for 8k modes (see clause 9.18.1).
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9.18.5 Amplitude Imbalance (Al)

Purpose To separate the QAM distortions resulting from Amplitude Imbalance (Al) of the | and Q signal from all
other kind of distortions.
Interface  |SandT.
Method Calculate the | and Q gain values v| and vg from all points in a constellation diagram eliminating all
other influences.
Calculate Amplitude Imbalance (Al) from v| and v,.
NOTE 1: Since the allocation of | and Q to the axis in the complex plane is unambiguous for a DVB-T
signal, the parameter Al can convey the information which component dominates. Therefore,
this definition differs slightly from the one given in clause 6.9.5.
Vi o
——1(x100 % if V| ZVQ
Vo
Al
V .
~ 21100 % if Vip> 1,
Vi
M _
1 li +(d| )I
v =—
Y z I
i=1
N
= 1 .
(di )l :NZd i (I'- component of d; asgiveninsubclause9.18.3)
j=1
L1 iQ +(ai )Q
QM < Q
i=1
— 1 N
(di )Q :NZ(SQJ- (Q- component of d; asgiveninsubclause9.18.3)
j=1
(d), +(6)g =di
NOTE 2: Not applicable for 8k modes (see clause 9.18.1).
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9.18.6 Quadrature Error (QE)

Purpose  |The phases of the two carriers feeding the | and Q modulators have to be orthogonal. If their phase
difference is not 90 a typical distortion of the constellation diagram results.

It is assumed that the value derived from the centre carrier is representative for the whole signal.
Interface  |SandT.

Method Search for the constellation diagram error shown in figure 9.6 and calculate the value of the phase
difference AQ = @1 - @ after having eliminated all other influences and convert this into degrees:
180°

QE=""x((,-9,) I

Q1 le

Decision Boundary

7

Signal Point

—— Decision Boundary Box

90°+QE

Figure 9.6: Distortion of constellation diagram resulting from 1/Q
Quadrature Error (QE)

NOTE: Not applicable for 8k modes (see clause 9.18.1).
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9.18.7 Phase Jitter (PJ)

Purpose

The PJ of an oscillator is due to fluctuations of its phase or frequency. Using such an oscillator to
modulate a digital signal results in a sampling uncertainty in the receiver, because the carrier
regeneration cannot follow the phase fluctuations.

The signal points are arranged along a curved line crossing the centre of each decision boundary box
as shown in figure 9.7 for the four "Corner Decision Boundary Boxes".

Qi

Arc section through a
"Corner Decision Boundary Box"
for calculation of the Phase Jitter

Figure 9.7: Position of "Arc section” in the constellation diagram to define PJ
(example: 64-QAM)

Interface

SandT.

Method

Phase Jitter can be calculated theoretically using the following algorithm:
1) Calculate the angle between the I-axis of the constellation and the vector to the received

symbol (Ircvd » Qrovd) :

H= arctan oW
revd
2) Calculate the angle between the I-axis of the constellation and the vector to the corresponding

ideal symbol (ligeal» Qideal)

¢ = arctan—Q'deal
lideal
Phi 2 instead of Phi 1
3) Calculate the error angle:
PE=0—0

4)  From these N error angles calculate the RMS phase jitter:
2
N N
1 2 1
PI =[N 20 2| 2%
i=1 i=1

However, the following method may be more practical:

The first approximation of the "Arc Section" of a "Corner Decision Boundary Box" is a straight line
parallel to the diagonal of the "Decision Boundary Box". Additionally the curvature of the Phase Jitter
(PJ) trace has to be taken into account when calculating the standard deviation of the PJ. The mean
value of the PJ is calculated in degrees.

P =18 arcs TP ]
V4 \/Exi«/ﬁ—lixd

where M = Order of QAM

and 2d = Distance between two successive boundary lines
Within the argument of the arc sine function, the standard deviation of the Phase Jitter is referenced to
the distance from the centre of the "Corner Decision Boundary Box" to the centre point of the QAM
signal.
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Overall signal delay

Purpose To measure and adjust the signal delay of an OFDM transmitter to a given value so that the
transmitters in an SFN can be synchronized.

Interface A, M.

Method (&) The total delay between the MPEG TS input of the transmitter under test and the MPEG TS

output of a test receiver is established by measuring the time delay required to match the
input and output data patterns. If the delay of the test receiver is known then the transmitter
signal delay can be derived.

Alternatively, the delay of the test receiver could be expressed relative to the delay of a
reference receiver. This would avoid the need to measure the absolute delay of any receiver.

(b) A more direct method may be to define a transmitter test mode in which the occurrence of a
Mega-frame Initialization Packet (MIP) at the MPEG TS input causes a trigger pulse (see
ETSI TS 101 191 [i.14]).

The trigger pulse is made available for connection to an oscilloscope and also used to "arm"
the modulator. At the start of the next mega-frame the modulator transmits a null symbol (or a
defined pulse in the time domain) rather than the normal data. The delay between the trigger
pulse and the RF null (or pulse) is measured.

(c) The delay of a transmitter could be expressed relative to the delay of a reference transmitter.
For the measurement a reduced amplitude sample is taken from both transmitters and
adjusted to have similar level (< 3 dB difference), the samples are combined in a RF linear
adder and the output is fed to a spectrum analyser. Typically the spectrum formed will have
lobes due to the difference of delays in the two transmitters. The inverse of the frequency
width of the lobes represents the relative delay between the transmitters.

Two drawbacks has to be taken in account:

1) the delay is absolute, that is, it gives no indication of which transmitter has the longer delay;

2) the accuracy is related to the ability of identifying the minimal values of the lobes and the
accuracy of the measurement.

NOTE 1: The delay of a transmitter may be considered as the addition of various parts including the
physical delays of the analogue part of the OFDM signal, including the path length to the
antenna. Also the buffers used for signal conditioning (TS bitrate adaptation to the sampling
frequency of the transmitter) and other intermediate buffers in the OFDM spectrum
calculation (IFFT) may differ from manufacturer to manufacturer.

NOTE 2: In cases of single frequency networks, the SFN adapter at the transmitter site may be
considered as integral part of the modulator transmitter. It may calculate the delay, from the
value of the STS (Synchronization Time Stamp) to the 1 pps used as reference, in different
way from manufacturer to manufacturer and add differences in the delays that have to be
included in the measurement result.

It is recommended to use a test Transport Stream with embedded MIP data, and real-time calculation

of the STS.

See clause E.16 for test set-up, measurement description and example of results.
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9.20.1

Purpose

70
SFN synchronization

MIP_timing_error

Interface

A necessary precondition for SFN synchronization is that the Synchronization Time Stamp (STS)

values inserted in the Mega-frame Initialization Packet (MIP) are correct. This test checks that
successive STS values are self-consistent.

See ETSI TS 101 191 [i.14].
A Z

Method

(especially Transport Stream between the "SFN adapter" and "SYNC system" as defined in [i.14]).

Locate the MIP in three successive mega-frames numbered M, M+1 and M+2. Extract the
synchronization_time_stamp field from each MIP (STS,,, STS,,,; and STS,,,,).

In general, the difference between any two consecutive STS values will be the duration of one mega-
frame minus some multiple (including zero) of the time between GPS pulses. Even without knowing the

precise duration of the mega-frame, the duration is constant and the following can be derived:
STSyjo- STS41 = STSpyeq - STSy + nT

where T is 1s and n is any integer.

Calculate nT from the above formula and check it is an integral number of seconds to within a user
defined accuracy.

This test can be performed continually on each successive set of 3 mega-frames, {M+1, M+2, M+3},

{M+2, M+3, M+4} etc. The test result should be discarded if the mega-frame size changes over the set
of three mega-frames.

NOTE:

The mega-frame size changes, for example, with the change of the DVB-T transmission
mode. This would normally result in a resynchronization.

NOTE:

Figure 9.8 isan illustration of the timing relationship between mega-frames and the GPS one second

pulses. This shows how the synchronization time_stamp (STS) is calculated.
Consider STS,;,; and STS,,,,. Inthis case it is quite clear that:

STSu

+2- STSy4+1 = duration of one mega-frame

In the case of STSy, and STSy;,1, a1s pulse has passed by and the equivalent equation is:

(STSy41 + 1) - STSy, = duration of one mega-frame

1s 2s 3s 4s
GPS 1s
pulses
: STS,, i ; :
o STS
% i STSy.
STS ] ; S ¥
values } | \ b STSy,
i “ \‘\ /’ ST$M+4
I", \‘\ ,"l w '
Mega- M M M M M
| | | | |
frame B P P p P
M M+1 M+2 M+3 M+4

Figure 9.8: Megaframe/GPS pulse timing relationship
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9.20.2 MIP_structure_error

Purpose This test verifies that the syntax of the MIP complies with the specification in ETSI
TS 101 191 [i.14].

Interface A Z

Method For each transport packet carried on PID 0x15 in the transport stream, the following

checks are performed:

The transport_packet_header should comply with ETSI TS 101 191 [i.14] clause 6,
table 1, and ISO/IEC 13818-1 [i.1] clause 2.4.3.2, tables 2 and 3.

All length fields should be consistent to provide a proper length packet. This includes
section_length (which also should not exceed 182), individual_addressing_length
(which should match the length of the loops for each transmitter), function_loop_length
(which should match the sum of the size of each of the functions), function_length
(which should match the proper length of the function based upon the function tag).
The synchronization_time_stamp and the maximum_delay should be in the range of
0x0 to 0x98967F.

The CRC 32 field should match the CRC calculated for the MIP data.

9.20.3 MIP_presence_error

Purpose This test verifies that the MIP is inserted into the transport stream only once per mega-
frame.

Interface A Z

Method The following checks are performed:

Extra MIP — For every MIP,, (where N > 1), signal an error if it arrives within the
number of packets indicated by the pointer field of MIP_;.

Missing MIP - For each MIP received, calculate the mega-frame size from the
parameters in the tps_mip. The latest two values of the mega-frame size are stored.
After every MIP, is received (where N > 1), signal an error if a MIP,, is not received

before K + R packets are received after MIP, where K is the pointer value of MIP and
R is mega-frame size in packets from the previous MIP ;.

9.20.4 MIP_pointer_error

Purpose The MIP insertion can be at any location in the mega-frame. If the insertion is periodic
as defined in the MIP, the MIP location in the mega-frame is constant over time. The
MIP can be used to determine the mega-frame size and where each mega-frame starts
and ends in the transport stream thanks to the pointer field verified by this test.
Interface A Z

Method For each MIP received, calculate the mega-frame size from the parameters in the
tps_mip. The latest three values of the mega-frame size are stored. For every MIP
that is received (where N > 2), signal an error if the pointer value (P,) of MIP does not
hold in the following equation:

Pn = Pra t MR- (i - ing)

Where MF,, is the size of the Nth mega-frame in packets but is calculated from
MIP,,, and iy is the packet index for MIP,.
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9.20.5 MIP_periodicity _error

Purpose In the case of a periodic MIP insertion (as defined in ETSI TS 101 191 [i.14] clauses 5
and 6), the pointer value should remain constant, as well as the number of packets
between each MIP.

Interface A Z

Method The following checks are performed:

Compare the current pointer field in MIP with the pointer field in the MIP ;. It is an
error if they are different, unless the mega-frame size changed between N and N-1.
The number of packets between each MIP (i - iy_;) should also be constant unless the

mega-frame size changes.

9.20.6 MIP_ts rate error

Purpose In a SFN network the modulator settings are transmitted by the tps_mip (see ETSI TS 101
191 [i.14] clause 6, table 3). These settings determine the transmission mode and in this way
the bit rate of the Transport Stream.
This test verifies that the actual Transport Stream data rate is consistent with the DVB-T
mode defined by the tps_mip.
Interface A Z
Method For each MIP received, calculate the data rate of the transmission mode - given by tps_mip
setting and compare it with the actual data rate of the Transport Stream. Signal an error if the
following equation is correct:
Max_deviation <
| TS_data_rate - [(IFFT_clock_freq x tpl /204 x ¢ x m x (uc/tc))/(1 + g)] |
Where:
e Max_deviation e.g. 10 kb/s; maximum deviation between actual TS_data_rate
and data rate of the transmission mode
given by tps_mip.
- The value results from the smallest difference of
TS data rates which can be determined by two correct
tps_mip settings for different modes.
e TS _data_rate actual data rate of the Transport Stream
- measured by a test instrument according to clause 5.3.3.2.
e IFFT_clock_freq 64/7 MHz (for 8 MHz channel bandwidth),
64/8 MHz (for 7 MHz channel bandwidth)
48/7 MHz (for 6 MHz channel bandwidth)
- given by tps_mip P, and P,
e tpl transport packet length 188 or 204 byte
e ¢ coderate 11,2/, 3/, 5 or /I,
- given by tps_mip Pg,P, and P,
e m 2 (for QPSK), 4 (for 16 QAM) or 6 (for 64 QAM)
- given by tps_mip P, and P,
e uc useful_carriers 1512 (for 2k), 6 048 (for 8k)
- given by tps_mip P,,, P, (see note)
e tc total carriers 2 048 (for 2k), 8 192 (for 8k)
- given by tps_mip P,,, P, (see note)

e g guardinterval 1/, Yg 1/, or 1/,
- given by tps_mip Pg, Pg
NOTE:  The term (uc/tc) can be replaced by a constant value since uc,,/tc,, = UCg/tCq,
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9.21  System Error Performance

Purpose: |The System Error Performance describes the performance of the digital transmission from the
input of the MPEG-2 TS signal into the DVB Baseline system to the MPEG-2 TS output of this
Baseline system.
Interfaces: |A, Z,
M: with reference receiver (e.g. Transmitter measurement).
N: with reference receiver (e.g. coverage measurements).
Method: The measurement of System Error Performance is based on a subset of the error events defined in
clause 5.4:

e Errored Second (ES) or Errored Time Interval (ETI),

e Severely Errored Second (SES) or Severely Errored Time Interval (SETI).
The used time interval T for identification of these events depends on the aim of the measurement.
Time intervals longer or shorter than 1 second may be considered appropriate in certain
circumstances.
Evaluation of Error Performance Parameters
Error performance should only be evaluated whilst the transmission is in the available state (see
also clause 6.1).
To evaluate error performance parameters from events, a certain measurement interval (MI) has to
be used. This measurement interval depends on the specific aim of the measurement. Possible
measurement intervals corresponding to special applications are proposed in table 9.4.
In general the error performance is the ratio of number of true events to the total number of time
intervals T during the measurement interval.
Consequently derived performance parameters are:

e Errored Second Ratio (ESR) or Errored Time Interval Ratio (ETIR);

e  Severely Errored Second Ratio (SESR) or Severely Errored Time Interval Ratio (SETIR).

Table 9.4. Examples of Measurement Intervals Mi

Length of Measurement Application
Interval (M)
5s - applicable for analysis of mobile reception
20s - Coverage Check
- recommended minimum measurement interval for receiver comparison
5 minutes - possible resolution for 1 hour analysis.
1 hour - possible resolution for daily fluctuations analysis

10 Recommendations for the measurement of delays in
DVB systems

Void.

11 Measurements for the second generation terrestrial
(DVB-T2) system

11.1 Introduction

The DVB-T2 system asiit is addressed in the following clauses, spans from the input Interface A to the output Interface
D. Both these interfaces carry MPEG2 Transport Streams ("TS").
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Figure 11.1: Block diagram of a typical DVB-T2 chain [i.27]

The following clauses specify a number of tests and measurements at the interfaces A, B, C, Cn and D.

For measurements at Interface A and D, see clause 5 for the parameters measured at the other interfaces see
clauses 11.2 and 11.3. The Interfaces Cn are introduced in addition to the interfaces defined in ETSI EN 302 755 [i.27]
to accommodate all specified measurements for DVB-T2.

With regard to the signalling, it is recommended that a measurement instrument should display the signalled
information as readable text and abbreviations.

11.2  Measurements at the DVB-T2 Modulator Interface (T2-MI)

11.2.1 Introduction

The DVB-T2 Modulator Interface specification ETSI TS 102 773 [i.24] defines the format of T2-MI packets. The
T2-MI format enables the operation of Single Frequency Networks SFNs by taking the scheduling decisions at the
central point of the T2 gateway. The output from the T2 Gateway is forwarded to al modulatorsin the SFN so that all
modulators receive identical information.

For more details refer to the T2-MI standard [i.24]
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Figure 11.2: The T2-MI protocol stack [i.24]
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Figure 11.3 T2-Ml packet format [i.24]

11.2.2 Measurements of the syntax of T2 MI packets

11.2.2.1 T2MI_packet_type_error_1

Purpose Two of the various packet types are mandatory for each T2 frame:
10,4 (L1-current data), 20,4 (DVB-T2 Timestamp).

If L1 repetition, in-band signalling (IBS) or Time-Frequency-Slicing (TFS) is indicated in the L1-current
data, an L1-future packet (11,5) should also be present.

If any of these packet_type is not present in each T2 frame, a T2MI_packet_type_error_1 is signalled.

Interface Interface B "T2-MI"

Method Comparison of the decoded packet_type value with the list of mandatory values.

Reference  |Clauses 5.1 and 5.4 of ETSI TS 102 773 [i.24]
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11.2.2.2 T2MI_packet_type_error_2

Purpose

The number of BB-frames (packet_type 00,) relating to a PLP in a given T2 frame should match the
value of PLP_NUM_BLOCKS signalled in the dynamic signalling of both the L1-current and L1-future
(when present).
The signalled values of frame_idx and superframe_idx for BB-frame packets should be consistent with
the time interleaver parameters specified in the configurable signalling of the L1-current.
NOTE:
e BB-frames are only mandatory for a given PLP if they are signalled in the L1-current data.
¢ In acase where the Interleaving Frame spans more than one T2-frame (P,>1), there is a
possibility that there will be no BB frames present with certain frame_idx values since the
frame_idx always refers to the first T2 frame of the Interleaving Frame.
e  This could also occur if the bit-rate for a given PLP falls to zero in a given T2 frame.

Interface

Interface B "T2-MI"

Method

Comparison of the number of BB frames and their values of frame_idx and superframe_idx with the
information from the L1 signalling.

Reference

Clauses 5.1 and 5.4 of ETSI TS 102 773 [i.24]

11.2.2.3 T2MI_packet_count_error

Purpose This error indicates a discontinuity of T2-MI packets
Interface Interface B "T2-MI"
Method Comparison of the decoded packet_count value of the received T2-MI packet with the packet_count
value of the previous packet.
The case of receiving the first packet of a transmission, for which no specific packet_count value is
required, needs to be considered.
Reference  |Clause 5.1 of ETSI TS 102 773 [i.24]

11.2.2.4 T2MI_CRC_error

Purpose The CRC32 check indicates if the content of the respective T2-MI packet is corrupted.
It is calculated across all other bits in the packet (both header and payload plus any padding).
Interface Interface B "T2-MI"
Method According to annex A of ETSI TS 102 773 [i.24]
Reference  |Clause 5.1 of ETSI TS 102 773 [i.24]

11.2.2.5 T2MI_payload_error

Purpose The T2MI_payload_error is signalled if the decoded plp_id in T2-MI packets with packet_type 0016 is
not included in the list (L1 post_signalling/configurable) of plp_id for the T2-MI signal.
Interface Interface B "T2-MI"
Method Comparison of the decoded plp_id of T2-MI packets with packet_type 0016 with list of possible values.
Reference  |Clause 5.2.1 of ETSI TS 102 773 [i.24]

11.2.2.6 T2MI_plp_num_blocks_error

Purpose The number of FEC blocks in an Interleaving Frame for a PLP as signalled in the Dynamic L1-post
signalling should be consistent with the number of BB frame packets.
Interface Interface B "T2-MI"
Method This error indication is set if the number of received BB frame packets does not match the signalled
value.
Reference  |Clause 7.2.3.2 of ETSI EN 302 755 [i.27] and clause 5.2.1 of ETSI TS 102 773 [i.24]
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11.2.2.7 T2MI_transmission_order_error

Purpose The T2MI_transmission_order_error is signalled if the packet_types are in a wrong ordering and
position inside a T2 frame.
Interface Interface B "T2-MI"
Method The required ordering is DVB-T2 Timestamp (20,¢) -> P2 bias balancing cells (124, if present) ->
L1 Current (10,5) -> L1_future (11,4, if present) -> change of frame_idx
Reference  |Clause 5.4 of ETSI TS 102 773 [i.24]

11.2.2.8 T2MI_DVB-T2_Timestamp_error

Purpose The T2MI_DVB-T2_Timestamp_error signals a wrong timestamp inside a superframe
Interface Interface B "T2-MI"
Method The T2MI_DVB-T2_Timestamp_error is signalled if at least one T2_timestamp has a different value
than the other DVB-T2 timestamp inside a single superframe_(superframe_idx).
Reference  |Clause 5.2.7.1 of ETSI TS 102 773 [i.24]

11.2.2.9 T2MI_DVB-T2_Timestamp_discontinuity

Purpose The T2MI_DVB-T2_Timestamp_discontinuity signals a non-increasing timestamp (not relevant with null
timestamps)
Interface Interface B "T2-MI"
Method The T2-MI timestamps are compared for subsequent superframes and the error is indicated if the
difference is not equal to the duration of the superframe.
NOTE: Timestamp_discontinuity should take into account a time window of what should be the next
time stamp and the received timestamp.
Reference  |Clause 5.7 of ETSI TS 102 773 [i.24]

11.2.2.10 T2MI_T2_frame_length_error

Purpose The T2 frame length derived from parameters signalled in L1 is not longer than 250 ms.

Interface Interface B "T2-MI"

Method The error is indicated if the T2 frame length derived from L1 signalling parameters is over 250 ms.
Reference  [Clause 5.2.4 of ETSI TS 102 773 [i.24] and clause 7.2 of ETSI EN 302 755 [i.27]

11.2.3 Checks on the T2-MI MIP (Modulator Information Packet)

11.2.3.1 T2MI_MIP_timestamp_error

Purpose The value of the timestamp of the T2-MI MIP (t2_timestamp_mip) with PID = 15,4 should not be lower
than the value of the DVB-T2 timestamp.
Interface Interface B "T2-MI"
Method The error is indicated if the timestamp of the T2-MI MIP has a lower value than the value of the DVB-T2
timestamp.
Reference  |Annex B of ETSI TS 102 773 [i.24]

11.2.3.2 T2MI_MIP_individual_addressing_error

Purpose The consistency of the data contained in the individual_addressing_byte is checked against the bytes
of the individual_addressing_data field of a T2-MI packet of type 21,.
Interface Interface B "T2-MI"
Method The error is indicated if the comparison shows inconsistencies.
Reference  |Clauses B.2.1 and 5.2.8 of ETSI TS 102 773 [i.24]
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11.2.3.3 T2MI_MIP_continuity_error

Purpose The insertion of at least one complete T2-MIP within a T2 superframe is required.
Interface Interface B "T2-MI"
Method The error is indicated if the usage of MIP is signalled, and a superframe without a complete T2-MIP
packet is found.
Reference  |Clause B.2.2 of ETSI TS 102 773 [i.24]

11.2.3.4 T2MI_MIP_CRC_error

Purpose The CRC32 bits of the T2-MIP are checked to establish that the T2-MIP packet is uncorrupted.
Interface Interface B "T2-MI"

Method The error is indicated if the CRC check shows that the T2-MIP packet is corrupted.
Reference  |Clause B.2.1 of ETSI TS 102 773 [i.24]

11.2.4 Check on consistency of T2-MI signalling information

11.2.4.1 T2MI_bandwidth_consistency_error

Purpose

The bandwidth signalled in the T2-MI DVB-T2 Timestamp and the determining parameters signalled in
L1 (i.e. fft mode, guard interval, pilot pattern, number of OFDM data symbols and PLP specific code
rate, modulation, fec type, num_blocks, baseband mode, issy information, null packet deletion, in-band
signalling, num other plp inband) should be such that the stream can be transmitted in the pertaining
channel.

Interface

Interface B "T2-MI"

Method

The error is indicated if the maximum possible bit rate which is calculated from the T2-MI DVB-T2
Timestamp and the determining L1 parameters is lower than the bit rate of the stream encapsulated in
the T2-MI packets.

Reference

Clause 5.2.7 of ETSI TS 102 773 [i.24] and clause 7.2 of ETSI EN 302 755 [i.27]

11.2.4.2 T2MI_DVB-T2_Timestamp_leap _second_error

Purpose The T2MI_DVB-T2_Timestamp_leap_second_error signals an error in leap second value signalled in
utco field in T2 Timestamp.
Interface Interface B "T2-MI"
Method Leap second value in T2-MI timestamp is compared to known leap second value as published by IERS
(International Earth Rotation Service).
Reference  |Clause 5.2.7 of ETSI TS 102 773 [i.24]

11.2.5 Measurements at T2-MI transport layer

11.2.5.1 Encapsulation of T2-MI packets into MPEG-2 TS (ASI) streams

11.2.5.1.0

General

T2-MI packets are encapsulated into 188-bytes MPEG-2 TS packets according to "Data Piping" mechanism
(ETSI EN 301 192 [i.33], clause 4). This allows to reuse existing telecom links based on ASl.

payload_unit_start_indicator bit set

T2-MI packet T2-MI packet | ...
/ /\\ \\ /l /,\ \\\ \\
// // AN N / \\ \\ N h
N I 1 [ | L |
N7 -

8-bit pointer to start of
new T2-MI packet

TS packet

Figure 11.4: Encapsulation of T2-MI packets into MPEG-2 TS (ASI)
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The"classic" Reed-Solomon (188,204) FEC can be (optionally) adopted.
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11.2.5.1.1 Parameters relevant to transport of T2-MI packets over MPEG-2 TS

M easurements of the MPEG-2 TS stream carrying T2-MI packets can be done according to Clause 5 of the present

document.

However, the TS in this case is only used as a container for the T2-M1 packets according to data piping mechanism, and

therefore only a subset of the parameters are relevant for the measurements.

11.2.5.1.2 Informative parameters

Parameter

Notes

Reference

Total TS bit-rate

The total bit-rate of the TS carrying
the T2-MI data includes the TS
header and PAT, PMT, stuffing, etc.
The default bit-rate measurement
profile should be MGB1.

For special cases, MGB5 with a user-
defined measurement interval should
be used.

Clause 5.3.3.2

T2-Ml bit-rate

Bit-rate corresponding to the PID
carrying the T2-MI packets (data
piping).

The default bit-rate measurement
profile should be the net TS bit-rate
without header and without
Adaptation Field.

RS(188,204) FEC

Present/Absent

11.2.5.1.3 Integrity parameters

Subset of relevant 1% priority parameters, with reference to clause 5.2.1:

No. Indicator Notes

1.1 TS sync_loss

1.2 Sync_byte error

1.3/1.3a PAT_error PAT is suggested but not mandatory in
ETSI TS 102 773 [i.24]

1.4 Continuity_count_error

1.5/1.5a PMT _error PMT is suggested but not mandatory in
ETSI TS 102 773 [i.24]

1.6 PID_error Since the T2-Ml over TS is considered as a
data service, a user-defined repetition rate
of 5 s or more may be suitable.

Subset of relevant 2™ priority parameters, with reference to clause 5.2.2:

No. Indicator Notes

21 Transport_error It should be possible to disable the indication of
the Transport_error if the T2-MI transport
system does not support this function.

2.3 PCR_error If signalled according to ETSI TS 102 773 [i.24],
annex G

24 PCR_accuracy_error  |If signalled according to ETSI TS 102 773 [i.24],
annex G
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Subset of relevant 3rd priority parameters, with reference to clause 5.2.3:
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No.

Indicator

Notes

3.4/3.4a

Unreferenced PID

Relevant if PMT is present

11.2.5.2 Encapsulation of T2-MI packets into IP streams

11.2.5.2.1 Parameters relevant to transport of T2-MI packets over IP

11.2.5.2.1.0 General

MPEG-2 TS packets carrying the T2-M| data are encapsulated into | P using the RTP/UDP/IP protocol stack, according

to DVB-IPTV standard (ETSI TS 102 034 [i.25]).

A number of TS packets can be allocated per |P packet, limited by the maximum size of the IP datagram. Care should

be taken not to exceed the underlying maximum transmission unit (MTU) of the network, in order to avoid

fragmentation.

11.25.2.1.1

Informative parameters

Parameter

Explanation and notes

Reference

Source IP address

Source address of the IP stream
carrying the T2-MI packets

IETF RFC 791 [i.34]

Source IP port

Source port of the UDP stream
carrying the T2-MI packets

IETF RFC 768 [i.35]

Destination IP address

Destination address of the IP stream
carrying the T2-MI packets. It is
normally a multicast group

IETF RFC 791 [i.34],
IETF RFC 3171 [i.36]

Destination IP port

Destination port of the UDP stream
carrying the T2-MI packets

IETF RFC 768 [i.35]

IP stream bit-rate

Total bit-rate associated to the IP
stream carrying the TS with T2-MI
packets

No. of TS packets per IP frame

Number of TS packets encapsulated
in one IP frame

Clause 7.1.1 of ETSI TS
102 034 [i.25]

FEC type

Type of FEC applied to protect the
T2-MI stream over the IP linik.
Possible values: 'None', 'SMPTE
2022-1', 'Raptor’

Annex E of ETSI TS 102
034 [i.25]

SMPTE FEC rows (L)

Number of rows of the SMPTE 2022-

Clause 8.1 of SMPTE

1 FEC matrix (if FEC is applied) 2022-1 [i.26]
SMPTE FEC columns (D) Number of columns of the SMPTE Clause 8.1 of SMPTE
2022-1 FEC matrix (if FEC is applied) [2022-1 [i.26]

SMPTE FEC IP port

Destination port of the UDP stream
carrying the SMPTE FEC packets (if
FEC is applied). This port should be
equal to destination IP port + 2

IETF RFC 768 [i.35],
Clause 8.1 of SMPTE
2022-1 [i.26]

SMPTE FEC bit-rate

rate associated to the stream carrying
SMPTE 2022-1 packets

NOTE:
allowed by SMPTE 2022-2 [i.43]).
11.2.5.2.1.2 Integrity parameters
11.2.5.2.1.2.0 General

. Media Loss Rate (MLR) or Lost | P frames

° Corrected |P frames

ETSI

Typical value for number of TS packets encapsulated in one IP frame over Ethernetis7. In
ISO/IEC 13818-1 [i.1] it is hot required that this number keeps constant along the stream; however, a
variation of thisvalueis not compatible with SMPTE 2022-1 [i.26] FEC (and in fact such variation is not
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. Delay Factor

11.25.2.1.2.1 Media Delivery Index - Media Loss Rate (MDI-MLR)
Purpose Number of IP packets lost per second, after error recovery mechanisms, if any.
This parameter is part of the MDI (Media Delivery Index) parameter.
Error if > 0.
Interface Interface B "T2-MI" — IP transport layer
Method The Continuity Counter field of the inner MPEG-2 TS stream can be used. Under error free
conditions, the sequence numbers increment. Counting any missing sequence numbers every
second will produce the packets lost per second.
Alternatively, the RTP layer information can be used as a supplement for the UDP protocol. RTP
also uses sequence numbers and this number also increments with every packet. The same
method as above, of counting missing sequence numbers may be used.
Reference  |Clause 3.2 of IETF RFC 4445 [i.37]
11.2.5.2.1.2.2 Lost IP frames
Purpose Alternative option to represent packet loss with respect to MLR.
Cumulative number of IP packets lost per second, after error recovery mechanisms, if any.
Error if > 0.
Interface Interface B "T2-MI" — IP transport layer
Method The Continuity Counter field of the inner MPEG-2 TS stream can be used. Under error free
conditions, the sequence numbers increment. Counting any missing sequence numbers every
second will produce the packets lost per second.
Alternatively, the RTP layer information can be used as a supplement for the UDP protocol. RTP
also uses sequence numbers and this number also increments with every packet. The same
method as above, of counting missing sequence numbers may be used.
Reference  |Clause 3.2 of IETF RFC 4445 [i.37]
11.2.5.2.1.2.3 Corrected IP frames
Purpose The value of Lost IP frames + Corrected IP frames gives an indication of the capabilities of the FEC
mechanism.
Interface Interface B "T2-MI" — IP transport layer
Method In case of FEC, number of IP packets corrected by the FEC mechanism.
Reference

ETSI




11.2521.2.4

82 ETSI TR 101 290 V1.4.1 (2020-06)

Media Delivery Index - Delay Factor (MDI-DF)

Purpose

Maximum difference, observed at the end of each media stream packet, between the arrival of
media data and the drain of media data, over a calculation interval (typically 1 s). This assumes the
drain rate is the nominal constant traffic rate for constant bit rate.

The DF gives a good approximation of the needed buffer at receiving side to compensate for
network jitter cumulated over the calculation interval.

This parameter is part of the Media Delivery Index (MDI) parameter.

Interface

Interface B "T2-MI" — IP transport layer

Method

Consider a virtual buffer VB used to buffer received packets of a stream. When a packet P(i) arrives
during a calculation interval, compute two VB values, VB(i,pre) and VB(i,post), defined as:

e  VB(i,pre) = sum (Sj) - MR x Ti; where j=1..i-1

e VB(i,post) = VB(i,pre) + Si
where Sj is the media payload size of the jth packet, Ti is the relative time at which packet i arrives
in the interval, and MR is the nominal media rate.
VB(i,pre) is the Virtual Buffer size just before the arrival of P(i). VB(i,post) is the Virtual Buffer size
just after the arrival of P(i).
The initial condition of VB(0) = 0 is used at the beginning of each measurement interval. A
measurement interval is defined from just after the time of arrival of the last packet during a nominal
period (typically 1 second) to the time just after the arrival of the last packet of the next nominal
period.
During a measurement interval, if k packets are received, then there are 2 x k + 1 VB values used
in deriving VB(max) and VB(min). After determining VB(max) and VB(min) from the 2k + 1 VB
samples, DF for the measurement interval is computed and displayed as:

e DF =[VB(max) - VB(min)]/MR

Reference

Clause 3.1 of [ETF RFC 4445 [i.37]

11.3

Measurements for DVB-T2 baseline system

11.3.0 General

This clause lists a number of measurements for the DVB-T2 baseline system. The parameters are mainly measured at
interface C "DVB-T2" or at interface C1 "T2-1Q" asin figure 11.1.

A list of the main application area of the DV B-T2 measurement parameters described in this clauseis given in

table 11.1.

The measurementsin clause 6.1 " System availability" (Interface D in a DVB-T2 system, figures 9.2) and clause 6.2
"Link availability" (Interface C5in aDVB-T2 system, figure 9.2) are aso applicable.

Table 11.1: DVB-T2 measurement parameters and their application area

Measurement parameter Transmitter | Network Receiver In-service
measure-
ment
11.3.1 RF measurements X X
11.3.1.1 RF frequency accuracy X X X
11.3.1.2 RF occupied bandwidth X X X
11.3.2 Selectivity X
11.3.3 AFC capture range X
11.3.4 Phase noise of Local Oscillators (LO) X X
11.3.5 RF/IF signal power X X X X
11.3.6 MISO Group Power Ratio X X X X
11.3.7 Noise Power X X X X
11.3.8 RF and IF spectrum X X X
11.3.9 Receiver sensitivity/dynamic range for a Gaussian X
channel
11.3.10 Linearity characterization (shoulder attenuation) X X
11.3.11 Power efficiency X X
11.3.12 PAPR effect X
11.3.13 P1 Symbol Error Rate X X
11.3.14 BER before LDPC (inner) decoder X X
11.3.15 Number of LDPC iterations X X
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Measurement parameter Transmitter | Network Receiver In-service
measure-
ment

11.3.16 BER before BCH (outer) decoder

11.3.17 Baseband Frame Error Rate BBFER

11.3.18 Errored Second Ratio ESR

11.3.19 1Q signal analysis

11.3.19.2 Modulation Error Ratio (MER)

XXXX XX

11.3.19.3 Signal to Interference Noise Ratio (SINR)

11.3.19.4 Carrier Suppression (CS)

11.3.19.5 Carrier Phase

11.3.19.6 Amplitude Imbalance (Al)

XXX XXX

11.3.19.7 Quadrature Error (QE)

11.3.20 SFN synchronization X

x

11.3.21 L1 signalling error

11.3.22 RMS Delay-Spread (RMS-DS) X

XXX XXX XXX XXX

11.3.23 Maximum Excess Delay (MED) X

XXX X

11.3.24 Receiver Buffer Model (RBM) validation test

X

11.3.25 Relative power Level during the non-P1 part of the X
FEF (RLF_non_P1)

NOTE 1: Theterm 'In-service measurement' is understood as a measurement that does not require a specific test
signal but can be carried out with anorma DVB-T2 signal.

NOTE 2: Asan In-service measurement in an unoccupied channel, the measurement of Noise Power can provide an
overview of the man-made noise conditions in a certain channel or frequency band.
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RF measurements

General

The measurement of some basic parameters of the DVB-T2 OFDM signal may be carried out at the RF layer with atest
receiver, a spectrum analyser or similar instruments.

11.3.1.1 RF frequency accuracy

Purpose

Successful processing of OFDM signals requires that certain carrier frequency accuracy be maintained
at the transmitter. Specific network operations modes such as SFN require high accuracy of the carrier
frequency.

Interface

C

Method

The measurement of the RF frequency accuracy determines the centre frequency of the signal, i.e. the
positioning of the signal in the RF channel.
a)  Spectrum analyser method: the centre frequency is derived from the frequencies measured
for the continual pilots and/or the edge pilots.
b)  Test receiver method: the centre frequency is derived from the digital samples after the test
receiver has synchronized to the incoming DVB-T2 signal. In this case, the accuracy is
typically expressed as 'Carrier Offset' and given in Hz or ppm.

Reference

Clauses 9.2.4, 9.2.5 of ETSI EN 302 755 [i.27].

NOTE:

In any case, the usage of a high-precision reference frequency, e.g. 10 MHz, may be helpful.

11.3.1.2 RF occupied bandwidth

Purpose The measurement of the occupied bandwidth allows the verification of the correct sampling frequency
at the modulator.
Interface C
Method The occupied bandwidth is calculated from the measurements of the frequencies of the edge pilots
and/or continual pilots of the DVB-T2 signal.
a)  Spectrum analyser method: if the frequency of the edge carriers is known then the related
values for the occupied bandwidth may be calculated. Denoting the edge pilot frequencies as
Fmin @and F_... the occupied bandwidth is appropriately OB = F . - F .+ 1/T.
b)  Test receiver method: the occupied bandwidth is derived from the digital samples after the
test receiver has synchronized to the incoming DVB-T2 signal.
Reference  |Clause 9.2.5 of ETSI EN 302 755 [i.27].

11.3.2 Selectivity

Purpose  |To identify the capability of the receiver to reject out-of-channel interference.

Interface The measurement of the signal input level and the interferer should be carried out at the interface C,
using interface C3 or C4 for the BER monitoring.

Method The input power is adjusted to 10 dB above the minimum input power as defined in "Receiver
sensitivity" (see clause 11.3.9). The C/I threshold needed for QEF operation should be measured as a
function of the frequency of a CW interferer.

The failure point is defined as ESR5.
ESR (Errored Second Ratio) is defined in clause 11.3.18. One errored second during a time interval of
20 seconds is given as ESR5 (5 % of the seconds are errored).
Alternatively, the QEF point is used that is defined as BER after LDPC = 10’. Since this measurement
is time-consuming, the BER after LDPC = 104 is measured and the associated C/N value is increased
by 0,2 dB. This corresponds to a BER after BCH = 1011,

Reference |Clause 6.1.2 of ETSI EN 302 755 [i.27].
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11.3.3 AFC capture range

Purpose

To determine the frequency range over which the receiver will acquire overall lock.

Interface

C for the application of the test signal; C1 or C2 for the test of receiver synchronization

Method

A signal is applied to the input of the receiver, at a level 10 dB above the minimum input power as
defined in "Receiver sensitivity" (see clause 11.3.9). The signal is frequency shifted in steps (from
below and above) towards a nominal value, whilst forcing the receiver to re-acquire after each step.
Correct reception is assumed if after each step:

a) the receiver can synchronize to the applied DVB-T2 signal, or if this is not indicated,

b)  the failure point is defined as ESR5.
ESR (Errored Second Ratio) is defined in clause 11.3.18. One errored second during a time interval of
20 seconds is given as ESR5 (5 % of the seconds are errored).

Alternatively, the QEF point is used that is defined as BER after LDPC = 107’. Since this measurement
is time-consuming, the BER after LDPC = 104 is measured and the associated C/N value is increased
by 0,2 dB. This corresponds to a BER after BCH = 1011,

Reference

Clause 5.1.7 of ETSI EN 302 755 [i.27].

11.3.4 Phase noise of Local Oscillators (LO)

Purpose

Phase noise can be introduced at the transmitter, at any frequency converter or by the receiver.

In an OFDM system the phase noise can cause Common Phase Error (CPE) which affects all carriers
simultaneously, and which can be minimized or corrected by using the continual pilots. However the
noise-like Inter-Carrier Interference (ICl) cannot be corrected.

This measurement may be useful for manufacturing, incoming inspection and maintenance of
modulators, transmitters, up/down converters and receivers, either professional or consumer type.

Interface

Any access to Local Oscillators (LO), in transmitters, converters and receivers.

Method

Phase noise can be measured with a spectrum analyser, a vector analyser or a phase noise test set.

Reference

n/a

11.3.5 RF/IF signal power

Purpose

Signal power, or wanted power, measurement is required to set and check signal levels at the
transmitter and receiver sites.

Interface

C

Method

The signal power of a DVB-T2 signal is defined as the mean power of the signal as would be measured
with a thermal power sensor. In the case of received signals care should be taken to limit the
measurement to the bandwidth at the wanted signal. When using a spectrum analyser or a calibrated
receiver, it should integrate the signal power within the nominal bandwidth of the signal (n X fgpacing)
where n is the number of carriers.

Note that some spectrum analyser may not automatically compensate for the applied Resolution
Bandwidth so that a manual correction may be applicable.

Reference

n/a

11.3.6 MISO Group Power Ratio

Purpose |[The MISO Group Power Ratio (MGPR) is required to check the presence of both MISO Groups within a
network.
Interface  |C
Method The MGPR is defined as the RF signal power for MISO Group 1 divided by the RF signal power for
MISO Group 2.
NOTE:  The value should be given in dB. The MGPR may be negative if the signals of MISO Group
2 are received with higher input level than the signals of MISO Group 1. The MGPR takes
the value of *ein the presence of one MISO Group.
For the display of the power levels of the paths of both MISO groups, the use of different colours for the
figures or the diagram components (e.g. power level over delay) is recommended.
Reference |[Clause 9.1 of ETSI EN 302 755 [i.27].
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11.3.7 Noise power

Purpose Noise is a significant impairment in a transmission network.

Interface  |C (RF or IF)

Method The noise power (mean power), or unwanted power, can be measured with a spectrum analyser (out of
service). The noise power is specified using the occupied bandwidth of the OFDM signal (n X fgpacing)
where n is the number of carriers.

NOTE: The Carrier-to-Noise ratio C/N should be calculated as the ratio of the signal power,
measured as described in clause 11.3.5, to the noise power, measured as described in this
clause.

Reference |n/a

11.3.8 RF and IF spectrum

Purpose

To avoid interfering with other channels, the transmitted RF spectrum should comply with a spectrum
mask, which is defined for the terrestrial network. If the spectrum at the modulator output is defined by
a spectrum mask, the same procedure can be applied to the IF signal (with no pre-correction active).

Interface

C (RForlF)

Method

This measurement is usually carried out with a spectrum analyser. The spectral density of a terrestrial
DVB signal is defined as the long-term average of the time-varying signal power per unity bandwidth
(i.e. 1 Hz). Values for other bandwidths can be achieved by proportional increase of the values for unity
bandwidth.

To avoid regular structures in the modulated signal a non-regular, e.g. a Pseudo-Random Binary
Sequence (PRBS) is applied as an input signal to the modulator.

For the resolution bandwidth, the recommended values should not exceed 30 kHz. Preferred values
are approximately 3 kHz. The measurement should be Noise-normalized to 3 kHz.

Reference

Clause 10 of ETSI EN 302 755 [i.27].

11.3.9 Receiver sensitivity/dynamic range for a Gaussian channel

Purpose

For network planning purposes, the minimum and maximum input powers for normal operation of a
receiver have to be determined.

Interface

Test signals are applied and measured at interface C; interfaces C3 or C4 are used for the monitoring
of BER or PER.

Method

The minimum and maximum input power thresholds for QEF reception should be measured.

The failure point is defined as ESR5.

ESR (Errored Second Ratio) is defined in clause 11.3.18. One errored second during a time interval of
20 seconds is given as ESR5 (5 % of the seconds are errored).

Alternatively, the QEF point is used that is defined as BER after LDPC = 107’. Since this measurement
is time-consuming, the BER after LDPC = 104 is measured and the associated C/N value is increased
by 0,2 dB. This corresponds to a BER after BCH = 10711,

The dynamic range is the difference of the input power between the measured values in dB.

Reference

Clause 6.1.2 of ETSI EN 302 755 [i.27].
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11.3.10 Linearity characterization (shoulder attenuation)

Purpose  |The shoulder attenuation can be used to characterize the linearity of an OFDM signal.
Interface  |C
Method The following procedure is applied to the measured RF spectrum of the transmitter output signal:

a) Identify the maximum value of the spectrum by using a resolution bandwidth at approximately
10 times the carrier spacing.

b)  Place declined, straight lines connecting the measurement points at 300 kHz and 700 kHz
from each of the upper and lower edges of the spectrum. Draw additional lines parallel to
these, so that the highest spectrum value within the respective range lies on the line.

c)  Subtract the power value of the centre of the line (500 kHz away from the upper and lower
edge) from the maximum spectrum value of (a) and note the difference as the "shoulder
attenuation” at the upper and lower edge.

d) Take the worst case value of the upper and lower results from (c) as the overall "shoulder
attenuation”.

NOTE:  For a quick overview the value at e.g. 500 kHz can be measured directly provided that
coherent interferers are not present.

The method described here is used for DVB-T2 signals with a nominal channel width of 5, 6, 7, 8 or 10

MHz. The reference frequency points are the same for non-extended and extended modes (for reasons

of protection of adjacent channels).

The recommended method is the same as for DVB-T for reason of comparability.

If a spectrum mask is used, it should be always the spectrum mask of the non-extended mode, even if

the signal uses extended bandwidth. For DVB-T2 signals with a nominal channel width of 1,7 MHz an

appropriate spectrum masks has to be defined. If such a spectrum mask is not specified, the

measurement points should be set 150 kHz below or above the respective edge carrier.

I EFlf S/N 101684, FW 2.40 RC5

Ch: --- RF 474.000000 MHz DVB-T/H 8 MHz
RBW 10 kHz +500 kHz
Att 10 dB VBW 30 kHz  +t300kHz +700 kHz

ExpLvl -20.00 dBm  SWT 50ns

1Pk | -30 dBm
View |
2Rm
View

-100 d?m

-110 dBm

CF 4.0 MHz Span 2.0 MHz
Shoulder Attenuation Result Unit

Lower | e dB

Upper | == dB

Figure 11.7: Measured spectrum of different DVB-T2 transmission modes

Reference |[Clause 10 of ETSI EN 302 755 [i.27].
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11.3.11 Power efficiency

Purpose  |To compare the overall efficiency of DVB transmitters.

Interface  |C

Method Power efficiency is defined as the ratio of the DVB output power to the total power consumption of the
chain from TS input to the RF signal output including all necessary equipment for operation such as
blowers, transformers etc. (and is usually quoted in % terms). The operational channel and the
environmental conditions need to be specified.

Reference |n/a

11.3.12 PAPR effect

Purpose To measure the PAPR effect in the OFDM signal by applying one of the PAPR methods (ACE Active
Constellation Extension or TR Tone Reservation). The method is to measure the performance
difference without the PAPR technique and with the PAPR. The parameters of interest are the power
increase, CCDF, MER performance increase.

Interface  |C (modulator output, transmitter output)

Method CCDF effect (modulator output)

Note that the CCDF impact should be measured before the amplification in order to measure the effect
of amplifier saturation.

Comparison of CCDF charts (cumulative complementary distribution function) and indicating the
difference in dB in the CCDF chart for a specified probability (e.g. 1077).

Special attention should be given to the requirement that the instrument settings should not be
changed between the two measurements (with and without PAPR) and no overload or clipping is
effecting the OFDM signal.

The number of samples for such a comparison should be >= 107.

* RBW 100 kHz
Att 15 dB APAPR/ dB

Ref -20.00 dBm AQT 2.43s

1Sa OIE%?EE%E
View : f = f — t : F |

263 0-01%
View [ME- B | L [ 1

i i i } ‘ j ; a i
CF 474.0 MHz Mean Pwr + 20.0 dB
Complementary Cumulative Distribution Function
Samples 10000000

Figure 11.8: Example of CCDF measurement of PAPR effect
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Reference

Clause 9.6 of ETSI EN 302 755 [i.27].

At transmitter output:

Power increase: Signal Mean power is first measured before and after the PAPR is applied. For the
tone reserved carriers, it means that it is measured with empty tone reserved carriers (before PAPR is
applied) and after PAPR is applied. The power increase should be kept as low as possible.

MER improvement: MER is first measured before and after the PAPR is applied. For the tone
reserved carriers, it means that it is measured with empty tone reserved carriers (before PAPR is
applied) and after PAPR is applied. For ACE case, MER measurement method should follow the
procedure described in annex L.

11.3.13

P1 Symbol Error Rate

Purpose This measurement gives an indication of the P1 Symbol Error rate.
Interface  |C5
Method The data transmitted within the S1 and S2 field are decoded and compared to the correct data. A P1
symbol is erroneous, if at least one bit error within the S1 or the S2 field occurred. The measurement of
this variable allows an estimation of the T2 signal level if the actual payload data is not decodable.
The correct values of the S1 and S2 field can e.g. be obtained by the S1/S2 field transmitted within the
L1-Pre data.
Reference |Clause 6.1.2 of ETSI EN 302 755 [i.27].
11.3.14 BER before LDPC (inner) decoder
Purpose This measurement gives an in-service indication of the un-coded performance of the transmitter.
Since the residual BER contributions from transmitter and (test) receiver contribute to the result of this
measurement, the contribution of the (test) receiver should be negligible when validating a transmitter.
Interface  |C3
Method The BER before LDPC is measured separately for each PLP. It allows the identification of sporadic bit
errors in a transmitter output signal.
The averaging period for the calculation of the BER before LDPC should be set so that sporadic bit
errors are not averaged out.
Reference |Clause 6.1.2 of ETSI EN 302 755 [i.27].
11.3.15 Number of LDPC iterations
Purpose This measurement gives an in-service indication of the quality of the received signal and the
computational resources activated for the LDPC decoder.
Since the result of this measurement is largely dependent on the actual LDPC decoder implementation,
results can only be compared when taken from the same test instrument.
Interface  |C3
Method The number of LDPC iterations is measured separately for each PLP.
The end of the iterations is reached when the number of remaining errors is lower or equal than the
error correction capability of the following BCH decoder, or when the maximum number of LDPC
iterations is reached.
An error-free signal requires a minimum of one iteration of the LDPC decoder.
The average of the Number of LDPC iterations should be calculated over 1 second, and the maximum
value during 1 second should also be displayed together with the average value.
In case the data rate is very low and frames of the respective PLP are received at longer intervals,
periods for averaging and display of maxima should be set accordingly.
Reference |Clause 6.1.2 of ETSI EN 302 755 [i.27].
NOTE: Itisrecommended to provide anindication if the LDPC decoder does not converge.
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11.3.16 BER before BCH (outer) decoder

Purpose

The BER is the primary parameter which describes the quality of the digital transmission link. It
provides a quick indication of potential problems, especially in cases were sporadic errors would lead
only to small increases of BER after BCH.

Interface

C4

Method

The BER before BCH is measured separately for each PLP. The calculation can be based on the re-
encoded signal that is available after the BCH decoder.

The BER is defined as the ratio between erroneous bits and the total number of transmitted bits. The
time interval for this calculation should be definable.

Reference

Clause 6.1.1 of ETSI EN 302 755 [i.27].

11.3.17 Baseband Frame Error Rate BBFER

Purpose  [To gain information about the number of baseband frames which are effected by bit errors.
Interface  |C5
Method The BBFER is measured separately for each PLP.
A Baseband Frame is erroneous, if an uncorrectable error has been discovered and indicated by the
error flag by the BCH decoder. The parameter is either given as a ratio or as the number of erroneous
BB frames per second.
Reference |Clause 5.1.7 of ETSI EN 302 755 [i.27].

11.3.18 Errored Second Ratio ESR

Purpose  |To obtain statistical information about the link quality.
Interface  |C5
Method Time intervals of the length of 1 second are defined according to the system clock reference. Those
seconds during which a Baseband Frame Error occurred are marked as 'errored'. The ratio of Errored
Seconds to the total time elapsed or to a period set by the test receiver is indicated as ESR. In practice,
a time interval of 20 seconds is used.
Reference |Clause 5.1.7 of ETSI EN 302 755 [i.27].

11.3.19 IQ signal analysis

11.3.19.1 Introduction

The IQ analysis can be applied on single carriers of the OFDM signal as well as on groups of carriers. If agroup of
carriersis evauated all received symbols of this group can be superimposed in order to obtain the respective
measurement parameters or the constellation diagram.

The definitions for the I/Q related parameters are based on the following assumptions:

- aconstellation diagram of M symbol points and K carriers under consideration with
0 <K <Kpax t1and Ky ax + Listhetotal number of active OFDM carriers,

- ameasurement sample of N data points, where N is sufficiently larger than M x K to deliver the wanted
measurement accuracy; and

- the co-ordinates of each received data point j being | it dl i Qj + SQJ- where | and Q are the co-ordinates of the

ideal symbol point and 81 and 6Q are the offsets forming the error vector of the data point (aslong as the
respective carrier isa"useful”" one).
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11.3.19.2 Modulation Error Ratio (MER)

Purpose To provide a "figure of merit" analysis for L1 Signalling data and each PLP of the DVB-T2 signal,
typically at a transmitter output (for assessing the quality of the transmitted signal) or in a fixed location
in a SFN (for identifying severe distortions in the set-up of the transmitters forming the SFN).

Interface  |C2 (i.e. after equalization)

Method The carrier frequency of the OFDM signal and the symbol timing are recovered. Origin offset of the
centre carrier (e.g. caused by residual carrier or DC offset), Quadrature Error (QE) and Amplitude
Imbalance are not corrected.

A time record of N received symbol co-ordinate pairs (rj .0 ,- ) is captured.

For each received symbol, a decision is made as to which symbol was transmitted. The error vector is
defined as the distance from the ideal position of the chosen symbol (the centre of the decision box) to
the actual position of the received symbol.

This distance can be expressed as a vector (él o @ i )

The sum of the squares of the magnitudes of the ideal symbol vectors is divided by the sum of the
squares of the magnitudes of the symbol error vectors. The result, expressed as a power ratio in dB, is

defined as the MER.
N
d(7+Q7)

MER=10xl0g,,{—————dB

It should be reconsider that MER is just one way of computing a "figure of merit" for a vector modulated
signal. Another "figure of merit" calculation is Error Vector Magnitude (EVM). MER and EVM are
closely related and one can generally be computed from the other.

Error Vector Magnitude (EVM) is defined as:

| “\r
1 3. G2
L3 o} 03]
- J=1
EVM ppps = \f e i 100%
Slllﬂ.‘l
Where 7 and O are the ideal co-ordinates. 8 and 80 are the errors in the received data points. N is the number of data

points in the measurement sample. S is the magnitude of the vector to the outermost state of the constellation.

For both parameters, MER and EVM, the display of the values as a function of frequency or carrier
number can be very helpful.
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11.3.19.3 Signal to Interference Noise Ratio (SINR)

Purpose To provide a "figure of merit" analysis for L1 Signalling data and each PLP of the DVB-T2 signal with
special focus on field measurements where the MER is not applicable.

Interface  |C1 (i.e. before equalization)

Method The carrier frequency of the OFDM signal and the symbol timing are recovered. Origin offset of the

centre carrier (e.g. caused by residual carrier or DC offset), Quadrature Error (QE) and Amplitude
Imbalance are not corrected.

A time record of N received complex QAM cells d]- is captured at the input of the cell de-interleaver
without equalization. For each received QAM cell, a decision is made which QAM symbol dj was
transmitted. This value is then multiplied by the estimated channel transfer function HJ- , which defines

N A2
the ideal position of the received QAM cell. The absolute squared value ‘H i -d j‘ defines its signal

power. In the absence of any disturbance, the value Hj -dj should ideally match dj . The absolute

squared value of the delta equals the interference plus noise power. The result, expressed as a power
ratio in dB:

SINR=10xlog; dB

N

S, -a
j=1

It should be mentioned that the SINR is very similar to the MER, except that no equalization to the input
data is performed. This avoids the effect of noise amplification in frequency selective channels.

The display of the SINR values as a function of frequency or carrier number can be very helpful.

11.3.19.4 Carrier Suppression (CS)

Purpose A residual carrier is an unwanted coherent signal added to the centre carrier of the OFDM signal. It
may have been produced by DC offset voltages of the modulating | and/or Q signal or by crosstalk from
the modulating carrier within the modulator.

Interface  |C2

Method Search for systematic deviations of all constellation points of the centre carrier and isolate the residual

carrier. Calculate the Carrier Suppression (CS) from the formula:

Psi
CS =10xlog,, 5 £

RC

where Prc is the power of the residual carrier and Pg;jq is the power of the centre carrier of the OFDM

signal (without residual carrier).

11.3.19.5 Carrier Phase (CPh)

Purpose |The measurement of the phase of the residual carrier which is an unwanted coherent signal added to
the centre carrier of the OFDM signal, allows for an automatic and efficient calibration of a modulator
which optimizes the Carrier Suppression (CS).

Interface  |C2

Method This parameter describes the phase of a not perfectly suppressed carrier (see Carrier Suppression).

When the Carrier Suppression is infinite, a carrier phase cannot be measured.

The reference for the Carrier Phase is the | axis. A residual carrier that is directed towards positive |
values has the carrier phase of 0°. A residual carrier that is directed towards positive Q values has the
carrier phase of 90°.
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11.3.19.6 Amplitude Imbalance (Al)

Purpose To separate the QAM distortions resulting from Amplitude Imbalance (Al) of the | and Q signal from all
other kind of distortions.
Interface  |C2
Method Calculate the | and Q gain values v| and vg from all points in a constellation diagram eliminating all
other influences.
Calculate Amplitude Imbalance (Al) from v| and vg
Vi _1|x100% if v >
V=V,
Vo
Al
Vo :
= 0
x100% if Vo>V,
Vi
M _
1 li +( |)|
v =—
Y Z I
i=1
— 1 N
(di )| = N Zd i (I -componentof d; asgivenin clause 9.18.3SystemTarget Error)
j=1
M.Q +(g)
1 e}
VQ —72
M 4 Q
i=1
— 1 N
(di )Q :NZéQj (Q-componentof d; asgivenin clause 9.18.3SystemTarget Error)
j=1
(@) +(@)y=a
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11.3.19.7 Quadrature Error (QE)

Purpose  |The phases of the two carriers feeding the | and Q modulators have to be orthogonal. If their phase
difference is not 90° a typical distortion of the constellation diagram results.
Interface  |C2

Method Search for the constellation diagram error shown in Figure 11.9 and calculate the value of the phase
difference AQ = @1 - @ after having eliminated all other influences and convert this into degrees:
180°

lo-p) T

QE=

Decision Boundary

7

Signal Point

N Decision Boundary Box

90°+QE

Figure 11.9: Distortion of constellation diagram resulting from 1/Q
Quadrature Error (QE)
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11.3.20 SFN synchronization

Purpose To measure and adjust the signal delay of an OFDM transmitter to a given value so that the
transmitters in an SFN can be synchronized.

Interface C1

Method Based on a sufficient number of I/Q samples, the channel response of the received DVB-T2 signal is

calculated.
The measurement of the SFN synchronization depends on the location where this measurement is
executed.
The SFN synchronization is related to two independent parameters:
a) Time synchronization: All signals received from the certain transmitters at the location of
interest should be received within the Guard Interval. It is the task of the network planning that
also echoes from these signals will not infringe this rule.

Method: The complex channel impulse response is measured. In addition, the Guard Interval is
indicated. Also pre-echoes are taken into account correctly, according to the positioning of the FFT
window. The indication of the Guard Interval should always start with the start of the FFT window
position.

b)  Frequency synchronization: The center frequency of all signals received from the certain
transmitters should be within a certain limit. In practice, 1 Hz has been established as a good
and practicable target value for this limit in case of an 8 MHz channel and an 8k FFT size. For
other channel bandwidth and other FFT sizes, e.g.16k and 32k signals, a proportionally higher
accuracy may be required.

The SFN frequency offset can be calculated as a relative value. It should be referenced to the signal
path that provides the maximum power.

Method: The complex channel impulse response is measured from which the frequency offset of each
echo is derived and indicated. Also pre-echoes have to be taken into account correctly. A positive SFN
frequency offset value means that the local center frequency of the related echo is higher than the local
center frequency of the reference signal.

11.3.21 L1 signalling error

Purpose The consistency of the L1 data is essential for the successful decoding of the DVB-T2 signal by the
receiver.

Interface C3

Method The receiver checks the CRC within the corresponding L1-pre and L1-post data.

11.3.22 RMS Delay-Spread (RMS-DS)

Purpose The performance of OFDM based systems depends on the characteristics of the transmission channel.
The extent of the multipath propagation of the transmission channel is characterized by means of the
root means square (RMS) of the channel delay spread.

Interface C1

Method The RMS Delay-Spread is directly measured from the channel impulse response. It is calculated from

all i multipath components with power P, and excess delay T, that exceed a specified power
threshold (e.g. -15 dB, -20 dB, -25 dB) with respect to the strongest component. The excess delay (or
delta) 7, is defined as the delta of the multipath component I with respect to the strongest signal

component.
The calculation should be limited to the Guard Interval to avoid ambiguities.
n

Z(Tipi)

n
Trvs = %'Z(Tizpi)—”g with 74 :|=1n—

Z p = P
i=1

i
i=1
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11.3.23 Maximum Excess Delay (MED)

Purpose The performance of OFDM based systems depends on the characteristics of the transmission channel.
The largest multipath delay of the transmission channel is characterized by means of the Maximum
Excess Delay (MED).

Interface C1

Method The Maximum Excess Delay is directly measured from the channel impulse response. It is defined as

the maximum delay 7 .5 of all multipath components that exceed a specified power threshold of
e.g. -15 dB, -20 dB, -25 dB with respect to the strongest component. The maximum excess delay

T nax  is defined with regard to the first arrived component above the specified power threshold.

11.3.24 Receiver Buffer Model (RBM) validation test

Purpose This test applies a test stream for an out-of-service test to the receiver to validate the proper
functioning of the receiver buffer.

Interface C

Method A DVB-T2 signal is applied to the input of a DVB-T2 receiver. This DVB-T2 signal contains a test

stream (e.g. V&V number 7xx). The test stream is generated (typically in the T2 gateway) and
includes a modified Common PLP.

The modified Common PLP for this test does not contain the tables and service information as usual,
but an externally applied video/audio test stream.

The failure point is defined as ESR5.
ESR (Errored Second Ratio) is defined in clause 11.3.18. One errored second during a time interval of
20 seconds is given as ESR5 (5 % of the seconds are errored).

11.3.25 Relative power level during the non-P1 part of the FEF

(RLF_non_P1)

Purpose

The purpose of the test is to measure the average power level of the non-P1 signal (excluding the
rise time/fall time between the P1 and adjacent waveforms) of the FEF relative to the power of the T2
signal, excluding the FEF.

This procedure allows for in-service measurements of co-channel interference (CCl) when empty
FEFs are applied.

Interface

C

Method

The DVB-T2 system makes it possible to broadcast a FEF part carrying a non-T2 waveform at
potentially another power level, including an empty FEF. Empty FEF means null power during non-P1
part of the FEF.

A DVB-T2 signal is generated including a FEF part, which contains some other waveform than DVB-
T2, e.g. T2 TX-SIG or an empty FEF. During the FEF period the power level of the non-P1 part of the
FEF is measured. In addition the power level of the DVB-T2 signal (excluding the FEF part) is
measured.

A fast enough power sensor gated properly, or a spectrum analyser capable for channel power
measurements, or a DVB-T2 receiver can be used for this measurement.

NOTE:

12

12.1

Note that DVB-T2 receivers of the 1st generation should ignore FEFs.

Measurements for the second generation cable
system (DVB-C?2)

Introduction

The DVB-C2 system asit is addressed in the following clauses, spans from the input interface (MPEG TS or GSE
stream) to the output interface (RF signal) of the DVB-C2 transmitter.

NOTE:

The development of DVB-C2 modulator interface is not finalized at the time of completion of these
M easurement Guidelines.

ETSI




98 ETSI TR 101 290 V1.4.1 (2020-06)
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Figure 12.1: High level C2 modulator block diagram [i.28]

DVB-C2 supports TS, any packetized and continuous input formats as well as the so called Generic Stream
Encapsulation (GSE). All input streams are multiplexed into a Baseband Frame format. The Forward Error

Correction (FEC) schemeis applied to these Baseband Frames. In line with the other DVB-X2 systems, DVB-C2 uses a
combination of LDPC and BCH codes, which is avery powerful FEC providing about 6 dB improvement of
signal-to-noise ratio (SNR) with reference to DVB-C.

Appropriate Bit-Interleaving schemes optimize the overall robustness of the FEC system. Extended by a FEC Frame
header, those frames compose the payload of Physical Layer Pipes (PLP). One or several of such PLPs are multiplexed
into a Data Slice. A two-dimensional interleaving (in time and frequency domain) is applied to each slice enabling the
receiver to eliminate impacts of burst impairments and frequency selective interference such as single frequency
ingress. One or several Data Slices compose the payload of a C2-frame.

The Frame Building processincludesinter aliathe insertion of Continual and Scattered Pilots. The first symbol of a
DVB-C2 frame, the so-called "Preamble”, carries the signalling data. A DVB-C2 receiver will find al relevant
configuration data about the structure and the technical parameters of the DVB-C2 signal in the signalling data block in
the Preamble as well as in the headers of the PLPs. In the following step the OFDM symbols are generated by means of
an Inverse Fast Fourier Transformation (IFFT). A 4K-IFFT algorithmis applied generating atotal of 4 096 sub-carriers,
3409 of which are actively used for the transmission of data and pilots within a frequency band of 8 MHz. The guard
interval used between the OFDM symbols has arelative length of either 1/128 or 1/64 in reference to the symbol length
(448 ps).
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Figure 12.2: High-level block diagram of the signal processing defined for the
DVB-C2 transmitting end [i.29]
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The following clauses specify a number of tests and measurements at the modulator output interface and the
corresponding input interface at the receiver side.

With regard to the signalling, it is recommended that a measurement instrument should display the signalled
information (DVB-C2 Layer 1 and Layer 2 signalling) as readable text and abbreviations.

12.2  Measurements for DVB-C2 baseline system

12.2.0 General

This clause lists a number of measurements for the DVB-C2 baseline system.

A list of the main application area of the DVB-C2 measurement parameters described in this clauseisgivenin
table 11.1.

The measurementsin clause 6.1 " System availability" and clause 6.2 "Link availability” are also applicable at the TS
interfaces of transmitter and receiver.

Table 12.1 DVB-C2 measurement parameters and their application area

Measurement parameter
Transmitter | Network Receiver In-service
measurement
11.3.1 RF measurements
11.3.1.1 RF frequency accuracy X X X
11.3.1.2 RF occupied bandwidth X X
11.3.3 AFC capture range X
11.3.4 Phase noise of Local Oscillators (LO) X X
11.3.5 RF/IF signal power X X X X
11.3.7 Noise Power X X X X
11.3.8 RF and IF spectrum X X X
11.3.9 Receiver sensitivity/dynamic range for a Gaussian X
channel
11.3.10 Linearity characterization (shoulder attenuation) X
11.3.14 BER before LDPC (inner) decoder X X
11.3.15 Number of LDPC iterations X X
11.3.16 BER before BCH (outer) decoder X X
11.3.17 Baseband Frame Error Rate BBFER X X
11.3.19 1Q signal analysis
11.3.19.2 Modulation Error Ratio (MER) X X X
11.3.19.6 Amplitude Imbalance (Al) X X
11.3.19.7 Quadrature Error (QE) X X
11.3.21 L1 signalling error X X X
11.3.24 Receiver Buffer Model (RBM) validation test X

NOTE: Asan In-service measurement in an unoccupied channel, the measurement of Noise Power can provide an
overview of the conditionsin a certain frequency band.

12.2.1 RF measurements
12.2.1.0 General

The measurement of some basic parameters of the DVB-C2 OFDM signal may be carried out at the RF layer with atest
receiver, a spectrum analyser or similar instruments.
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12.2.1.1 RF frequency accuracy

Purpose

Successful processing of OFDM signals requires that certain carrier frequency accuracy needs to be
maintained at the transmitter with respect to the relative and absolute frequency position of the
signal/carriers.

Interface

RF

Method

The measurement of the RF frequency accuracy determines the relative carrier offset regarding its
carrier spacing. Furthermore, the measurement determines the absolute frequency/carrier number
offset of the signal with respect to its configured frequency location (absolute carrier position).

a) Testreceiver method: relative carrier offset is derived from the digital samples after the test
receiver has synchronized to the incoming DVB-C2 signal. In this case, the accuracy is
typically expressed as 'Carrier Offset' and given in Hz or ppm. Furthermore, the absolute
frequency offset is typically given in number of carriers.

b)  Spectrum analyser method: the relative carrier offset is derived from the frequencies
measured for the continual pilots and/or the edge pilots which are continuously (per OFDM
symbol) transmitted at a boosted amplitude in contrary to the scattered pilots.

The absolute frequency offset can only be determined in knowledge of the DVB-C2 signal

configuration, i.e. the Layer 1 Signalling and the START_FREQUENCY parameter, or by pattern

matching of the continual pilot positions.

NOTE: The assumption is that the frequency offset is not greater than the frequency difference
between adjacent pilots.

Reference

Clauses 9.6.3, 9.6.4 of ETSI EN 302 769 [i.28].

12.2.1.2 RF sampling frequency

Purpose The measurement of the occupied bandwidth allows the verification of the correct sampling frequency
at the modulator.
Interface RF
Method The occupied bandwidth (7,61 MHz or 5,71 MHz respectively) is calculated from the measurements of
the frequencies of the edge pilots and/or continual pilots of the DVB-C2 signal.
a) Spectrum analyser method: if the frequencies of the edge carriers of the DVB-C2 spectrum
boundary are known then the related values for the occupied bandwidth may be calculated.
Denoting the edge pilot frequencies as Fmin and Fmax the occupied bandwidth is
appropriately OB = Fmax - Fmin + 1/TU.
NOTE: If the measurement is based on pilots that are closer to each other than 7,61 MHz or 5,71
MHz in the frequency domain, a reduction of the accuracy of the calculated occupied
bandwidth should be considered.
Notches in the channel where the measurement is carried out need to be taken into account.
b)  Test receiver method: the occupied bandwidth is derived from the digital samples after the
test receiver has synchronized to the incoming DVB-C2 signal.
Reference  |Clauses 9.6.3, 9.6.4 of ETSI EN 302 769 [i.28].
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12.2.2 AFC capture range

Purpose

To determine the frequency range over which the receiver will acquire overall lock.

Interface

RF input for the application of the test signal

Method

e Set RF tuning frequency in the C2 signalling to L1 START_FREQUENCY + OFDM
bandwidth/2 in the modulator AND demodulator (C2 'Absolute OFDM' requirement) as a first
step;

e then repeat the procedure as described hereafter:

A signal is applied to the input of the receiver, at a level 10 dB above the minimum input

power as defined in "Receiver sensitivity" (see clause 11.3.9). The signal is frequency shifted

in steps (from below and above) towards a nominal value, whilst forcing the receiver to re-

acquire after each step. Correct reception is assumed if after each step:

a) the receiver can synchronize to the applied DVB-C2 signal,

b)  the Frame Error Rate or the rate of visible errors is below the failure point which is
defined as 1 frame error or visible error in 20 seconds.

e note the signal could be frequency shifted at the modulator or the receiver RF tuner, if shifted
at the modulator then the RF frequency needs to be decoupled from the L1 signalling (L1
signalling SHOULD NOT change while the LO frequency is changed otherwise the
demodulator will not acquire to the signal even if within the AFC capture range)

e OFDM bandwidth/2 =1 704 x 64/(7 x 4 096) MHz for 8 MHz tuning window (or OFDM
bandwidth/2 = 1 704 x 48/(7 x 4 096) MHz for 6 MHz tuning window)

e for tuning window > 8 MHz or 6 MHz respectively adjust tuning frequency to centre point
between the two outermost OFDM subcarriers of the C2 system

Reference

Clause 10.1.1.1 of ETSI TS 102 991 [i.29].

12.2.3 Phase noise of Local Oscillators (LO)

Purpose

Phase noise can be introduced by the transmitter, by any frequency converter or by the receiver.

In an OFDM system the phase noise can cause Common Phase Error (CPE) which affects all carriers
simultaneously, and which can be minimized or corrected by using the continual pilots. However the
noise-like Inter-Carrier Interference (ICI) cannot be corrected.

This measurement may be useful for manufacturing, incoming inspection and maintenance of
modulators, transmitters, up/down converters and receivers, either professional or consumer type.

Interface

Any access to Local Oscillators (LO), in transmitters, converters and receivers.

Method

Phase noise can be measured with a spectrum analyser, a vector analyser or a phase noise test set.

Reference

n/a

12.2.4 RF/IF signal power

Purpose |[Signal power, or wanted power, measurement is required to set and check signal levels at the
transmitter and receiver sites.
Interface RF
Method The signal power of a DVB-C2 signal is defined as the mean power of the signal between the
outermost pilots of the 7,61 MHz (or of the 5,71 MHz) signal. The measurement is typically carried out
with a spectrum analyser or a test receiver that integrates the signal power between a lower and an
upper limit on the frequency axis.
NOTE: The same procedure can be applied to wider DVB-C2 signals, e.g. 32 MHz at the output of a
modulator/transmitter.
If the signal includes notches, they have to be empty, i.e. not filled with other signals.
Reference |n/a
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12.2.5 Noise power
Purpose Noise is a significant impairment in a transmission network.
Interface  |RF
Method The noise power , or unwanted power, can be measured with a spectrum analyser (out of service). The
noise power is specified using the occupied bandwidth of the C2 signal, i.e. 7,61 MHz or 5,71 MHz.
The measurement can also be carried out as an in-service measurement by inserting DVB-C2-
compliant notches where the noise power is measured by a spectrum analyser or a test receiver.
NOTE: The Carrier-to-Noise ratio C/N should be calculated as the ratio of the signal power,
measured as described in clause 11.3.5, to the noise power, measured as described in this
clause.
Reference |n/a
12.2.6 RF and IF spectrum
Purpose |To avoid interfering with other channels, the transmitted RF spectrum should comply with a spectrum
mask, which is defined for the cable network, typically by the cable network operator.
Interface  |RF
Method This measurement is usually carried out with a spectrum analyser or a test receiver. The spectral
density of a DVB-C2 signal is defined as the long-term average of the time-varying signal power per
unity bandwidth (i.e. 1 Hz). Values for other bandwidths can be achieved by proportional increase of
the values for unity bandwidth.
For the resolution bandwidth, the recommended values should not exceed 30 kHz. Preferred values
are 3 kHz or lower. The measurement should be Noise-normalized to the same bandwidth.
Reference [Clause 10.3 of ETSI EN 302 769 [i.28].
12.2.7 Receiver sensitivity/dynamic range for a Gaussian channel
Purpose For network planning purposes, the minimum and maximum input powers for normal operation of a
receiver have to be determined.
Interface  |Test signals are applied at the RF input and measured at Baseband level (or by expert viewing on a
screen).
Method The minimum and maximum input power thresholds for good reception should be measured by
stepwise changes of the input power.
For 'good reception’, the Frame Error Rate or the rate of visible errors is below the failure point which is
defined as 1 frame error or visible error in 20 seconds.
Both measurement should provide results that are very close to the cut-off point as determined by the
chosen FEC parameters (typically within 0,1 dB).
The dynamic range is the difference between the maximum and minimum input power in dB.
Reference |n/a
12.2.8 Linearity characterization (shoulder attenuation)
Purpose  |The linearity of an OFDM signal characterizes the level of interference in the adjacent bands.
The requirements are normally defined by the cable network operator who also is likely to define
acceptable levels for ACLR (Adjacent Channel Leakage Ratio), out-of-band emissions and spurious
emissions.
Interface  |RF (Modulator/transmitter output)
Method Spectrum analyser or test receiver measurement
Reference |n/a
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12.2.9 BER before LDPC (inner) decoder

Purpose  |This measurement gives an in-service indication of the un-coded performance of the transmitter.
Since the residual BER contributions from transmitter and (test) receiver contribute to the result of this
measurement, the contribution of the (test) receiver should be negligible when validating a transmitter.

Interface  |Baseband

Method The BER before LDPC is measured separately for each PLP. It allows the identification of sporadic bit
errors in a transmitter output signal if the averaging period for the calculation of the BER before LDPC
is set so that sporadic bit errors are not averaged out.

Reference |[Clause 6.1 of ETSI EN 302 769 [i.28].

12.2.10 Number of LDPC iterations

Purpose

This measurement gives an in-service indication of the quality of the received signal and the
computational resources activated for the LDPC decoder.

Since the result of this measurement is largely dependent on the actual LDPC decoder implementation,
results can only be compared when taken from the same test instrument.

Interface

Baseband

Method

The number of LDPC iterations is measured separately for each PLP.

The end of the iterations is reached when the number of remaining errors is lower or equal than the
error correction capability of the following BCH decoder, or when the maximum number of LDPC
iterations is reached.

An error-free signal requires a minimum of one iteration of the LDPC decoder.

The average of the number of LDPC iterations should be calculated over 1 second, and the maximum
value during 1 second should also be displayed together with the average value.

In case the data rate is very low and frames of the respective PLP are received at longer intervals,
periods for averaging and display of maxima should be set accordingly.

Reference

Clauses 10.9, 11.2 of ETSI TS 102 991 [i.29].

NOTE:

It is recommended to provide an indication if the LDPC decoder does not converge.

12.2.11 BER before BCH (outer) decoder

Purpose

The BER is the primary parameter which describes the quality of the digital transmission link. It
provides a quick indication of potential problems, especially in cases where sporadic errors would lead
only to small increases of BER after BCH.

Interface

Baseband

Method

The BER before BCH is measured separately for each PLP. The calculation can be based on the re-
encoded signal that is available after the BCH decoder.

The BER is defined as the ratio between erroneous bits and the total number of transmitted bits. The
time interval for this calculation should be definable.

Reference

Clause 8.4.3.2 of ETSI EN 302 769 [i.28].

12.2.12 Baseband Frame Error Rate BBFER

Purpose  |To gain information about the number of baseband frames which are affected by bit errors.
Interface  |Baseband
Method The BBFER is measured separately for each PLP.
A Baseband Frame is erroneous, if an uncorrectable error has been discovered and indicated by the
error flag by the BCH decoder. The parameter is either given as a ratio or as the number of erroneous
BB frames per second.
Reference |Clause 5.1.6 of ETSI EN 302 769 [i.28].
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12.2.13 1Q signal analysis

12.2.13.1 Introduction

The 1Q analysis can be applied to single carriers of the OFDM signal as well asto groups of carriers. If agroup of
carriersis evaluated al received symbols of this group can be superimposed in order to obtain the respective
measurement parameters or the constellation diagram.

The definitions for the I/Q related parameters are based on the following assumptions:

- acongtellation diagram of M symbol points and K carriers under consideration with
0<K <Kpyax 1 and Ky ax + 1isthetotal number of active OFDM carriers,

- ameasurement sample of N data points, where N is sufficiently larger than M x K to deliver the wanted
measurement accuracy; and

- the co-ordinates of each received data point j being | I ol i Qj + SQJ- where | and Q are the co-ordinates of the

ideal symbol point and 81 and 86Q are the offsets forming the error vector of the data point (aslong as the
respective carrier isa"useful” one).
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12.2.13.2 Modulation Error Ratio (MER)

Purpose To provide a "figure of merit" analysis for L1 Signalling data [MER(L1p2)] and each PLP [MER(PLP),
MER(Common-PLP)] of the DVB-C2 signal, typically at a transmitter output (for assessing the quality of
the transmitted signal) or in a fixed location in a network.

Interface  |Internal I/Q interface (test receiver or modulation analyser)

Method The carrier frequency of the OFDM signal and the symbol timing are recovered. Origin offset of the

centre carrier (e.g. caused by residual carrier or DC offset), Quadrature Error (QE) and Amplitude
Imbalance are not corrected.
A time record of N received symbol co-ordinate pairs (rj o) ,- ) is captured.

For each received symbol, a decision is made as to which symbol was transmitted.
For the calculation of MER(PLP), the information derived from the LDPC decoder should be used to

calculate the ideal symbol position transmitted (| i ,Qj )

The error vector is defined as the distance from the ideal position of the chosen symbol to the actual
position of the received symbol.

This distance can be expressed as a vector (61 o @ i )

The sum of the squares of the magnitudes of the ideal symbol vectors is divided by the sum of the
squares of the magnitudes of the symbol error vectors. The result, expressed as a power ratio in dB, is

defined as the MER.
N
(7+Q)

MER=10xlog,,s ————dB

NOTE: In OFDM systems, a symbol consists of many OFDM subcarriers. The calculation for one
symbol means, that all subcarriers should be considered that are included in this symbol.
Thus, a single symbol contains a plurality of error vectors.

It should be reconsidered that MER is just one way of computing a "figure of merit" for a vector

modulated signal. Another "figure of merit" calculation is Error Vector Magnitude (EVM). MER and EVM

are closely related and one can generally be computed from the other.

Error Vector Magnitude (EVM) is defined as:

For both parameters, MER and EVM, the display of the values as a function of frequency or carrier
number can be very helpful.
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other influences.

Purpose To separate the QAM distortions resulting from Amplitude Imbalance (Al) of the | and Q signal from all
other kind of distortions.

Interface  |Internal I/Q interface (test receiver or modulation analyser)

Method Calculate the | and Q gain values v| and vg from all points in a constellation diagram eliminating all

Calculate Amplitude Imbalance (Al) from v| and vg

Al

o Q
B33
(al )I "'(ai )Q =d;

Vi _1|x100% ity 2y,

x100% if Vo>V,

(I - componenbf d; asgiveninclaused.18.35ystemT argetError)

(Q- componenbf d; asgiveninclaused.18.3SystemT argetError)

ETSI



107 ETSI TR 101 290 V1.4.1 (2020-06)

12.2.13.4 Quadrature Error (QE)

Purpose The phases of the two carriers feeding the | and Q modulators have to be orthogonal. If their phase
difference is not 90° a typical distortion of the constellation diagram results.

Interface  |Internal I/Q interface (test receiver or modulation analyser)

Method Search for the constellation diagram error shown in Figure 12.3 and calculate the value of the phase

difference AQ = @1 - @ after having eliminated all other influences and convert this into degrees:

QE=

180°

lo-p) T

Decision Boundary

7

Signal Point

—— Decision Boundary Box

90°+QE

Figure 12.3: Distortion of constellation diagram resulting from 1/Q
Quadrature Error (QE)

12.2.14 L1 signalling error

Purpose The consistency of the L1 data is essential for the successful decoding of the DVB-C2 signal by the
receiver.
Interface Baseband
Method The receiver checks the CRC within the corresponding L1 signal.
Reference Clause 8.3.2 of ETSI EN 302 769 [i.28]

12.2.15 Receiver Buffer Assumptions (RBA) validation test

Purpose This test applies a test stream for an out-of-service test to the receiver to validate the proper
functioning of the receiver buffer.
Interface Baseband
Method A DVB-C2 signal is applied to the input of a DVB-C2 receiver. This DVB-C2 signal contains a test
stream (e.g. VV017,018,019 (M-PLP)). & ISSY
The failure point is defined as: the Frame Error Rate or the rate of visible errors is below 1 frame error
or visible error in 20 seconds..
Reference  |n/a
NOTE: Thesetest streams exercise the buffer but there are no specific tests defined or proposed yet to test buffer

limits. Therefore, this clause is kept in the present document as a placeholder and can be revised if such
test streams become available.
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Annex A:
General measurement methods

A.l Introduction

It is recommended that manufacturers add the test mode described in this annex to certain professional grade cable and
satellite broadcast equipment. This recommendation is relevant to equipment that i mplements the channel encoding
schemes defined in ETS| EN 300 429 [i.6] (cable) and ETSI EN 300 421 [i.5] (satellite).

The purpose of the recommended test mode isto simplify out of service testing of systems and system components by
making the channel encoder able to generate a known, fixed, repeating bit sequence of an essentially pseudo-random
nature.

The central requirement is that when the channel encoder isin the test mode, the data entering the sync
inversion/randomization function is a continuous repetition of one fixed TS packet. The fixed packet is defined as the
four byte sequence 0x47, Ox1f, Oxff, 0x10, followed by 184 zero bytes (0 x 00). Thisform of datais a refinement of the
null TS packet definition in 1SO/IEC 13818-1 [i.1].

A.2  Null packet definition

This clause summarizes the null packet definition from ISO/IEC 13818-1 [i.1] and then describes how the definition has
been extended for the purpose of the recommended test mode.

ISO/IEC 13818-1 [i.1] definesanull TS packet for the purposes of data rate stuffing.

Table A.1 shows the structure of anull TS packet using the method of describing bit stream syntax defined in
clause 2.4.3.3 of ISO/IEC 13818-1[i.1].

This description is derived from tables 2-3 Transport Header (TH) in ISO/IEC 13818-1 [i.1]. The abbreviation "bs bf"
means "bit string, left bit first", and "uimsbf" means "unsigned integer, most significant bit first".

The column titled "Value", gives the bit sequence for the recommended null packet.
A null packet is defined by ISO/IEC 13818-1 [i.1] as having:

- payload unit_start_indicator = "0";

- PID = Ox1FFF,

- transport_scrambling_control ="00";

- adaptation_field_control value="01". This corresponds to the case "no adaptation field, payload only".
Theremaining fieldsin the null packet that should be defined for testing purposes are:

- transport_error_indicator whichis"0" unless the packet is corrupted. For testing purposes this bit is defined
as"0" when the packet is generated;

- transport_priority whichis not defined by |SO/IEC 13818-1 [i.1] for anull packet. For testing purposes this
bit isdefined as"0";

- continuity_counter which ISO/IEC 13818-1 [i.1] statesis undefined for anull packet. For testing purposes
thisbit field is defined as "0000";

- data_byte which ISO/IEC 13818-1 [i.1] states may have any value in anull packet. For testing purposes this
bit field is defined as "00000000".
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Table A.1: Null TS packet definition

Syntax No. of bits Identifier Value
null_transport_packet(){
sync_byte 8 bslbf "01000111"
transport_error_indicator 1 bslbf "0"
payload_unit_start_indicator 1 bslbf "0"
transport_priority 1 bslbf "0"
PID 13 uimsbf "11111111111171"
transport_scrambling_control 2 bslbf "00"
adaptation_field_control 2 bslbf "01"
continuity _counter 4 uimsbf "0000"
for (I = 0;i<N;i++) {
data_byte 8 bslbf "00000000"
}
}

A.3  Description of the procedure for "Estimated Noise
Margin" by applying statistical analysis on the
constellation data

Instead of adding real noise to the received signal this method uses statistical analysis and an iterative search algorithm
to estimate the added noise power to reach the critical BER.

1) Demodulate the signal to produce a statistically significant sequence of data records. Each record represents
the state of the demodulated | and Q components at a decision instant.

2) Compute the average noise power as the mean square of the error vectors and calcul ate the estimated Savg,N avg
ratio.

N
13 (12+02)
j=1

N
& lotf+ot)

j=1

SNR =10xl0g4q

Theol j and chJ- are the error vector co-ordinates which represent the offset from the co-ordinates of the centre (mean
value) of the actual received data for a specific constellation point, to the actual received data point j.

If only Gaussian noiseis present as an impairment the " centre (mean value) of the actual received data for a specific
constellation point” isidentical to the ideal symbol point.

N is the number of data points in the measurement sample.

3) Compute the additional noise power Nstep required to degrade the computed SNR by a certain amount. The
value Netep isusually determined by the iterative optimization procedure which is used.

4)  For each datarecord in the sample compute the distances d from the true position of the signal at the decision
instant to each of the decision boundaries with adjacent cells. For each of the directions +l, -1, +Q, -Q that
would cause a symbol error, convert the distance to the decision boundary into the number of standard
deviations (k) of anormal distribution with a variance corresponding to the added noise power. The variance
of the added noise power is:

0-2 = NStep
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and the normalized standard deviation corresponding to the distance d,, is for example:

Ky =——
di+
5)  Compute the probability Qg of asymbol error for each distribution tail due to an erroneous state transition in
the relevant direction.

or

6) Compute the number of bit errors that the erroneous state transition would cause and calculatethe bit error
probability Qg. One symbol error may result in more than one bit error for transitions across either the | or Q

axis. Sum the individual Qg values and divide by the number of pointsinthe sampleto get the average
probability of abit error.

7)  Repeat the steps 4 to 6 for incremental values of noise power until the critical BER isfound and calculate the
noise margin:

Noise Margin (dB) =10><|0910[1+ N’\Tdded j

avg

A.4  Set-up for RF phase noise measurements using a
spectrum analyser

The noise performance of the carrier can be characterized as the ratio of the measured power in one noise sideband
component, on a per hertz of bandwidth spectral density basis, to the total signal power:

power_of otal _signa

of ) =10xI 0910( power_denﬂy(one_sdeband,phae_only)j

in (dBc/Hz) and f,, isthe frequency distance away from the carrier.

For this measurement it is assumed that contributions from amplitude modulation to the noise spectrum are negligible
compared to those from frequency modulation and that AB, the measurement bandwidth, is much smaller than f,,. A

spectrum analyser with a noise measurement option is able to measure the power within 1 Hz bandwidth. If thisis not
available the resol ution bandwidth should be as small as possible and the video bandwidth hasto be 10 or 20 times
smaller in order to get sufficient averaging of the noise over time.

For example: carrier frequency: 36 MHz

fo = 10 kHz

AB = Equivalent Noise Bandwidth (ENB) of the resolution bandwidth filter: 270 Hz
video bandwidth: 10 Hz or 30 Hz

NOTE 1: Spectrum analyserstypically use near Gaussian filters for the resolution bandwidth with a 20 % tolerance.
The Equivalent Noise Bandwidth (ENB) is equal to the bandwidth of the filter measured at -3,4 dB, (by
actually measuring the filter of the spectrum analyser, the 20 % tolerance factor is eliminated).
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Then the following conversion to 1 Hz bandwidth can be applied:

noise_powe in_D
signal_pover

B
a(fm)leXIoglo( j—leIogloAB+ 2,5dB in [dBc/HZ]

NOTE 2: The 2,5 term accounts for the correction of 1,05 dB due to narrowband envelope detection and the
1,45 dB due to the logarithmic amplifier.

Having measured off,,,) for various values of f,, an estimation of equivalent peak phase deviation and frequency
deviation is possible by using sinusoidal analogy:

ofrr) = 20 X 1091 o(AQmd ¥2) in [dB/HZ]
with A in [rad/HZ]

The sguare root of the sum of all noise densities within the frequency range of interest will give the equivalent RM S
phase noise error vector in the 1/Q plane.

An estimation can be done if the phase noise power slope may be approximated by the density function:

Y= a%[\N/Hz]

slope[dB] _ per _ decade (b>0)
10

with p= and

&
a=NyX flb where Ng =10 10

Then the total double-side-band phase noise power within the frequency range of interest (f,,f,) can be approximated
by:

f2

) 1 2a 1 1
DSB- Phase- Noise= ZaJ‘Fdf = (b—l){ fl(b‘l) - fz(l}l)J
fl

For the normalized RM S error vector (carrier = 1) it follows:

2a 1 1
RMS Quadrature Error Vector = - =
Quedray \/ (b—l)[ 6D f2<b—1>] Tph

A, = arctan oy, [rad | (for carrier = 1)

A.5  Amplitude, phase and impulse response of the
channel

The amplitude, phase and impulse response can be derived from the equalizer tap coefficients. The use of a good
equalizer that is designed to cope with the echo profile defined in clause B.14 is recommended to get accurate resultsin
case of high linear distortions.

The capabilities to derive the channel response from the equalizer tap coefficients depend on the structure of the

equalizer. Especialy the channel response in the Nyquist slope of the signal cannot be measured exactly with a
T-spaced equalizer.
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A.6 Out of band emissions

The out of band emissions can be measured using a spectrum analyser. The resolution bandwidth should be low enough
to detect peaksin the out of band spectrum. The video filter should be at least 10 times lower than the resolution
bandwidth for sufficient averaging of the noise-like signal.

A H(f)

0dB r >
frequency
301 dB In-band ripple r,, < 0,4 dB A r
Out of band rejection -43dB
0,85f, f, 1,15f,
f,

fy: Nyquist frequency

Figure A.1: Spectrum mask as defined in ETSI EN 300 429 [i.6]
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Annex B:
Examples for test set-ups for satellite and cable systems

B.0 Introduction

Even if not demonstrated in the diagrams of this clause and also hot mentioned in the explanations the receiver may be a
part of the measurement device. In this case al the interfaces defined in figure 4.2 are internal ones, where the
measurement device has access to.

B.1  System availability

See clause 6.1.

Because this measurement is based on the error_indicator_flag in the TS header set in any previous stage including the
last stage of the transmission chain the signal at interface Z should be used.

Interface Z .
Measurement device

Figure B.1: Test set-up for system availability

B.2  Link availability

See clause 6.2.

This measurement monitors the performance of an individual link. Therefore the RS information should be created and
be correct at the start point of the link. The measurement set-up may rely on the overload information coming from the
RS decoder in the receiver at interface X or on the transport_error_indicator in the header of the TS packets at interface

Z.

Interface X .
Measurement device

Figure B.2: Test set-up for link availability

B.3 BER before RS

B.3.0 General

See clause 6.3.

The measurement can be done as out service measurement or as in service measurement. In both cases the measurement
timeis an important parameter. This parameter should be sel ectable within a wide range by the user. Preferably the
measurement should display the BER as a function of measurement time.
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B.3.1 Out of service measurement

See clause 6.3.1.

When the BER is measured out of service Null packets as defined in clause A.2 should be created and transmitted to the
receiving site. At the receiving site the signal at the interface W is compared against the pre-calculated values. The time
window for the BER measurement should be selectable by the user.

Null TS Packet Modulator Receiver
Generator

Interface W

Measurement set
up

Figure B.3: Test set-up for out of service BER measurement before RS decoding

B.3.2 In service measurement

See clause 6.3.2.

In this case no special signal should be inserted in the transmitter. The measurement only relies on the results of the RS
decoder. The measurement can be done by using the signals at the interfaces W and Z.

Interface W

and Z
— ¥ Measurement device

Figure B.4: Test set-up for out of service BER measurement before RS decoding

B.4  Event error logging

See clause 6.4.

This measurement relies on information coming from different parts of the receiver like tuner, RS decoder or a
demultiplexer. Typically the receiver will be a part of the measurement device because it is not expected that all this

information will be available at a standard receiver.

Interface Z
—— ) Measurement device

Figure B.5: Test set-up for event error logging
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B.5 Transmitter symbol clock jitter and accuracy

See clause 6.5.

This measurement requires a symbol clock output at the modulator. To this interface an appropriate frequency counter
and/or jitter and wander analyser can be connected.

— Modulator

Symbol clock

Jitter and
Frequency wander
counter analyser

Figure B.6: Test set-up for transmitter symbol clock measurement

B.6 RF/IF signal power

See clause 6.6.

The signal power can be measured directly at the interfaces N or P or by using a calibrated splitter. I1f needed an
appropriate filter should be used.

Interface N or P Fil Power meter
> ilter
I and Q clock from Interface R or S or spectrum analyser

Figure B.7: Test set-up for RF/IF level measurement

B.7  Noise power

B.7.0 General

Seeclause 6.7.

Typicaly al the power present in a channel which is not part of the signal can be regarded as unwanted noise. It can be
produced from different origination and be of the form of random noise (thermal), pseudo-random (digitally modulated
interfering carriers) or periodic (Continuous Waves CW or narrowband interferences), the first two are called non-
coherent and the periodic ones are termed as coherent.
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B.7.1 Out of service measurement

For doing this measurement the carrier should be switched off. The measurements can be done at interface N (RF level)
or at interface P (IF level). Noise level can be measured with a spectrum analyser or any other appropriate device. If a
power metreis used the equivalent noise bandwidth should be taken into account. In this case of out-of-service
measurement, all different types of noise are measured simultaneously, and the measured result can be termed as

unwanted power.

Interface N or P Power meter
. SN
Filter or spectrum analyser

I and Q clock from Interface Ror S

Figure B.8: Test set-up or out-of-service noise level measurement

B.7.2 In service measurement

For the "in service measurement” eye diagrams or 1Q constellation diagram derived from | and Q signals available at
interface T should be employed. In this case of "in service measurement”, it is possible to determine the type of the
noise by applying the I/Q signal analysis (see clause 6.9).

Interface E, G, Sor T behind | and Q
clock from Interface E, R or S

Measurement device

Figure B.9: Test set-up for in-service noise level measurement

B.8 BER after RS

See clause 6.8.
The set-up is equivalent to clause 6.3 BER before RS. The comparison is done after RS at interface Y.

B.9 1/Q signal analysis

See clause 6.9.

For this measurement eye diagrams or 1Q constellation diagram derived from | and Q signals available at interface T
should be employed.

Interface E, G, S or T behind | and Q ;
clock from Interface E, Ror S W Constellation analyser

Figure B.10: Test set-up for I/Q signal analysis
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B.10 Service data rate measurement

The set-up is equivalent to B.1 The measurement is based on the TS only.

B.11 Noise margin

B.11.0 General

Seeclause 7.1.

Purpose To provide an indication of the reliability of the transmission channel (i.e. cable network), the noise
margin measurement is a more useful measure of system operating margin than a direct BER
measurement due to the steepness of the BER curve.

Interface The reference interface for the noise injection is the RF interface (N, input of receiver). For practical
implementation, other interfaces can be used, provided equivalence to the described set-up is
ensured.

Test set-up  |Figure B.11 shows the recommended test set-up for the measurement of noise margin.

signal source
@1 Q
Interface N @BER
Q
mod
@ Network
@spectrum analyser
/1
oY
RF carrier
®© I

@ noise source

Figure B.11: Test Set-up for noise margin measurement

B.11.1 Recommended equipment

1 1/Q baseband signal source for 64 QAM;

Switch (to switch off modulation);

1/Q modulator;

RF generator (see clause B.11.2 below, remark 1) (level and frequency adjustable);

noise source (flat within the required measurement range) (see clause B.11.2, remark 3);

adjustable attenuator in 0,1 dB (max. 0,5 dB) steps;

S
2
3
4  cable network (seeclause B.11.2, remark 2);
5
6
7,

8 directive couplers (see clause B.11.2, remark 4);
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spectrum analyser;
reference receiver with good equalizer (see clause B.11.2, remark 5);

counter of BER.

B.11.2 Remarks and precautions

1)
2)

3)

4)

5)

Adjust RF carrier level so that non-linear distortion (i.e. CW, CSO, CTB) has no impact to BER measurement.

Pay attention to the amplitude response of the noise spectrum. If it is not white Gaussian spectrum (flat
amplitude response) figure B.12 takes care to measure:

a) If the effect produced by the thermal random noise is the wanted measurement, then take the
measurement at the lowest level found in the wanted band (P4 in figure B.12), because it is the closest
approximation to the random white thermal noise, then normalize the result to the full bandwidth of the
channel, defined by the symbol rate x(1 + c).

b) If the mean unwanted power isto be reported in the measurement, then integrate the spectrum with a
suitable spectrum analyser or use a power metre with the appropriate filter as per clause B.7.1.

N(f)

Figure B.12: Amplitude response of the noise spectrum

If a noise source with broadband output spectrum is used, avoid any affect to BER measurement by non-linear
distortion due to an overload of the reference receiver'sinput amplifier stage.

Usual power splitters are allowed if sufficient matching at all portsis ensured for all measurement conditions
(i.e. high attenuation in adjustable attenuator).

Influence of linear distortion of the cable network to the BER measurement should be negligible.

B.11.3 Measurement procedure

Step 1:  Add noise to modulated cable network output until BER is 1074,

Step2:  Switch off modulation with (S);

Measure Noise power N1 (dBm) beside carrier (A f > 0,5 MHz).

Step 3:  Switch off noise source (5);

Measure Noise power N2 (dBm) beside carrier.

Step4:  Compute Noise Margin (NM):

NM = N1- N2 (dB)

NOTE: Dueto step 2, the measurement of noise margin isto be done under out of service conditions.
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B.12 Equivalent Noise Degradation (END)

RF
input

+ + Receiver BER

Attenuator

i

Noise Power Spectrum
source meter analyser

Figure B.13: Test set-up for END measurement

Procedure for the measurement of one point in figure B.13:

1) Measure the power of the DV B signal with a power metre. If thisis not possible due to signalsin the
neighbouring channels, use a calibrated spectrum analyser.

2)  Remove the wanted input signal and terminate the input.
3) Add noise to obtain the same level on the spectrum analyser. Now C/N = 0 dB.

4)  Add the wanted input signal and increase the attenuation of the noise until a BER of 104 is measured. The
value, for which the attenuation was increased, isthe C/N for the given BER.

5) END isthe difference between the measured C/N and the theoretical value of C/N for a BER of 104,

Proposed settings for the spectrum analyser: RBW = 30 kHz, VBW < 300 Hz.

B.13 BER vs. Es/No
The BER versus E, /N, will be measured using the test set-up described above.

C/N measurements can be converted to E,/N, using the following formula:

Ex/No= %l —~10l0g;q (M)

NOTE: For consideration of FEC overhead, see also clauses 7.5, 8.2, G.5, G.6 and G.7.

B.14 Equalizer specification

High order modulations such as 64 QAM are very sensitive to distortions. The eye aperture is so small that any
perturbation can serioudly disturb the reception of the signal. In the case of the DV B modulation formats, this problem
isincreased by the low value of the roll-off factor (0,15). In areal network, if no special processing is carried out in the
receiver, the eyes appear completely closed, and no synchronization is possible. Thisiswhy all cable receivers,
professional or not, are equipped with equalizers.
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Some of the most common impairments met on cable networks are echoes due to equipment impedance mismatching,
or filtering effects. These impairments appear as perturbations of the frequency response (or impulse response) of the
channel, and are corrected by the equalizer which isaform of adaptive filter. Equalizers are very efficient for linear
distortions, but cannot combat those of a non-linear nature. They combat fixed frequency interference, whichis
equivalent to intermodulation products of analogue television signals. Equalizers have alarge influence on the clock or
carrier recovery systems, since these can use equalized signals. Thus the overall behaviour of the receiver depends on
the performance of the equalizer.

Most of the measurements specified in the present document are carried out after equalization. The first reason is that
the signal is too impaired before equalization to obtain meaningful measurement results. Moreover, as most of the
distortion at that point would be removed in any practical receiver, such measurements may not be relevant. The
consequence of thisisthat measurement results are dependent on the equalizer response. This aso means that
equipment with different equalizer architectures will have different performance characteristics. This situation is not
acceptable, and has | ed to the specification of the equalizer.

The specification of an equalizer is a difficult task, because there is alarge number of types of equalizer, dueto the
range of algorithms for the updating of coefficients, and the different filter architectures (time based, frequency based,
recursive or non-recursive). In addition, the performance of future equipment should not be limited by any specification
here. Thisis why a convenient solution is to specify the overall performance of the receiver as regards a perturbation
typically corrected by the equalizer, specifically - echoes.

The specification has to be defined so that the reference perturbation does not affect the measurement. The minimum
level of perturbation that the equalizer will have to correct can then be defined. A solution isto set the minimum level
of an echo that will not degrade the equivalent noise degradation of the incoming signal of more than 1 dB. This
measurement is carried out for the worst case phase shift of the echo.

Lew| of
the echo

in dB

o

i /"/ _\\\
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15 \\
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Figure B.14: Specification of an equalizer

Figure B.14 gives a possible equalizer specification which is subject to verificationsin real systems.

In some cases, when the likely response of a consumer receiver to network signalsis studied, it is appropriate to have an
equalizer in the measurement equipment whose performanceis close to that of the consumer receiver.
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B.15 BER before Viterbi decoding

This measurement should be based on the | and Q signals at interface T. If an external measurement deviceis used the
signalsat interfaces T and V are needed. The set-up is equivaent to figure B.9.

B.16 Receive BER vs. Eux/Ng

The measurement is based on transmission of Null packets as defined in clause A.2. At the receiving site noise is added
at one of theinterfaces N, P or R. The spectrum analyser is used for checking that the normal noise level iswell below
the added noise. The measurement itself is done either within the receiver or at one of theinterfaces T, V or Y
depending whether BER before Viterbi, after Viterbi or after RS should be evaluated. In case of interface Y, RS
decoding should be deactivated in order to reduce the duration of the measurement.

Null TS Packet Modulator
Generator
» Filter » Noise Generator
l Receiver and
@ l »| Meas rement Set
Up

Signals from interface AB or C |

Spectrum analyser

Figure B.15: Test set-up for BER vs. E/Ng measurement

B.17 IF spectrum

The output of the modulator should be directly connected to the spectrum analyser. In addition it is aso possible to use
a(calibrated) splitter.

Signal from
m}- Spectrum analyser

Figure B.16: Test set-up for IF spectrum measurement
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Annex C:
Measurement parameter definition

C.1 Definition of Vector Error Measures

Modulation Error Ratio (MER) is defined as:

MER =10x logyo dB = 20x10g;] dB
2 2
> (a7+o0?) > a2+ x?)
=1 =1
Error Vector Magnitude (EVM) is defined as.
N

1 2 2

NZ(‘“J +?)
EVMgus = |—"— x100%

aX

Where | and Q aretheideal co-ordinates, 6l and 6Q are the errorsin the received data points. N is the number of data
points in the measurement sample. S, is the magnitude of the vector to the outermost state of the constellation.

C.2 Comparison between MER and EVM

To compare the two measures it is easier to write them both as simple ratios, clearly the use of decibels and percentages
is not central to the definition. Taking MER first, the simple voltage ratio (MER,)) is:

N
[>t+at)
MER, = {1 =

MER, =
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Now looking at EVM as asimple voltage ratio (EVM,,), the following can be written:

N

Nt )

=1

Strax

EVM and MER are related such that:

MER, x EVM,, =

or

EVM, = ;
MER, xV

If the peak to mean voltageratio, V, is calculated over alarge number of symbols (10 times the number of pointsin the

constellation is adequate if the modulation is random) and each symbol has the same probahility of occurrence theniitis

aconstant for a given transmission system. The value tends to a limit which can be calculated by considering the peak

to mean of al the constellation points. Table C.2 lists the peak- to-mean voltage ratios for the DV B constellation sizes.

Table C.1: Peak-to-mean ratios for the DVB constellation sizes

QAM format Peak-to-mean voltage ratio
V)
16 1341
32 1303
64 1527

C.3  Conclusions regarding MER and EVM

MER and EVM measure essentially the same quantity and easy conversion is possible between the two measuresif the
congtellation is known. When expressed as simple voltage ratios MER,, is equal to the reciprocal of the product of

EVM,, and the peak-to-mean voltage ratio for the constellation.

MER isthe preferred measurement for the following reasons:

- The sensitivity of the measurement, the typical magnitude of measured values, and the units of measurement
combine to give MER an immediate familiarity for those who have previous experience of C/N or SNR
measurement.

- MER can be regarded as aform of Signal-to-Noise ratio measurement that will give an accurate indication of a
receiver's ability to demodulate the signal, because it includes, not just Gaussian noise, but all other
uncorrectable impairments of the received constellation as well.

- If the only significant impairment present in the signal is Gaussian noise then MER and SNR are equivalent.
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Annex D:

Exact values of BER vs. Exw/No for DVB-C systems

Exact values of BER vs. E/Nj for DVB-C systems (see figure 7.2).

Table D.1: Exact values of BER vs. E, /N for DVB-C systems

Ep/Ng Py
10 0,025 48
10,5 0,020 72
11 0,016 46
11,5 0,012 74
12 0,009 582
12,5 0,006 981
13 0,004 909
13,5 0,003 319
14 0,002 147
14,5 0,001 323
15 0,000 771 6
15,5 0,000 423 5
16 0,0002171
16,5 0,0001031
17 4,499e-005
17,5 1,783e-005
18 6,351e-006
18,5 2,006e-006
19 5,537e-007
19,5 1,314e-007
20 2,634e-008
20,5 4,365e-009
21 5,846e-010
21,5 6,166e-011
22 4,974e-012

This assumes that the relationship between BER and Symbol Error Rate (SER) is given by the formula:

BER = i>< SER
m
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Annex E:
Examples for the terrestrial system test set-ups

E.O Introduction

Due to the essential differences in the modulation method used for the terrestrial system some of the test methods are
different with respect to those used for cable and/or satellite.

Even if not demonstrated in the diagrams of this clause and also not mentioned in the explanations, the receiver may be
apart of the measurement device. In this case all the interfaces defined in figure 9.2 are internal ones, which the
measurement device has access to.

E.1 RF frequency accuracy

E.1.0 General

See clause 9.1.

DUT
DVB-T L, M DCf:H
Tx
Reference Spectrum
Signal Source Analyser

Figure E.1: RF frequency accuracy set-up
The measurement is to be done with a spectrum analyser. The signal can be picked up at interface L (IF) or M (RF),
eventually by means of an aerial, or at interface N, if the received signal can be maintained stable enough for the

measurement purposes, and applied to a spectrum analyser. Care should be taken at interfaces L or M not to overdrive
the maximum allowed input signal for the spectrum analyser.

E.1.1 Frequency measurements in DVB-T (void)

Table E.1 (void)

Figure E.2: Examples of 8k centre channel measurement... (void)

E.1.2 Measurement in other cases (void)

Table E.2 (void)

Figure E.3: Examples of 8k carrier k = 48... (void)
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not have continual phase. (void)

E.1.4

Table E.3 (void)
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Figure E.4: Examples of 2k carrier k =1 704... (void)

Figure E.5: Examples of 8k carrier k = 6 816... (void)

Figure E.6: Examples of 2k carrier k = 0... (void)

Figure E.7: Examples of 2k carrier k = 0... (void)

Interval (void)

E.1.5

Table E.4 (void)

Table E.5 (void)

Figure E.8: Examples of 8k carrier k = 6 813... (void)

Table E.6 (void)
Table E.7 (void)

Table E.8 (void)

Figure E.9: Examples of 2k carrier k =1 701... (void)

frequency spacing and sampling frequency

The occupied bandwidth depends directly from the frequency spacing and this from the sampling frequency.

Calculation of the external pilots frequency when they do

Measuring the symbol length and verifying the Guard

Measuring the occupied bandwidth, and calculation of the

If the frequency of the external pilots is known, see above on how to measure them, then the related val ues may be
calculated as per table below. Denoting the outermost pilot frequencies as F| and F, appropriately the occupied

bandwidth is OB = F; _ F, . The number of carriers K, and for 2k mode K-1 = 1 704 while for 8k mode K-1 = 6 816.

Table E.9

Calculated value

Nominal value (8 MHz Channels)

8k mode

2k mode

8k mode

2k mode

Occupied bandwidth

Fry-FL

7,60714285714285714285714285714286... MHz

Frequency Spacing

(F,, - FL/6 816

(Fy - F/L 704

1116,0714285...Hz

4 464,2857142...Hz

Useful duration

6 816/(F, - FL)

1704/(Fy - F)

896 s

224 us

Centre channel 15t |F

(Fyy - FL) X 4 096/(K-1)

(Fyy - FL) X 1 024/(K-1)

4,57142857142857142857142857142857...MHz

Sampling Frequency

(Fy - FL) X 16 384/(K-1)

(Fyy - FL) X 4 096/(K-1)

18,2857142857142857142857142857143...MHz

NOTE:

The long periodic decimals have been calculated using the Calculator facility from Windows, and have

been left here as resulted from copying through the clipboard, as a matter of curiosity only.

Vauesinitalics are approximate values.
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Table E.10
Nominal value (7 MHz Channels) Nominal value (6 MHz Channels)
8k mode | 2k mode 8k mode | 2k mode
Occupied bandwidth 6,656250 MHz 5,70535714285714285714285714285842... MHz
Frequency Spacing 976,5625 Hz 3 906,25 Hz 837,053571428571...Hz | 3 348,2142857142...Hz
Useful duration 1024 ps 256 us 1 194,666666... us 298,666666... us
Centre channel 15t |E 4 MHz 3,42857142857142857142857142857334...MHz
Sampling Frequency 16 MHz 13,7142857142857142857142857142934...MHz

E.2  Selectivity

See clause 9.2.

DUT
, CwW N DVB-T
Signal Generato RX
W, X
BER
Monitor
Figure E.10: Selectivity
E.3 AFC capture range
See clause 9.3.
DUT
DVB-T N | bvB-T | Z
Test transmitter R x
MPEG -2

TS Analyser

Figure E.11: AFC capture range

E.4  Phase noise of Local Oscillators (LO)

E.4.0 General

See clause 9.4.

The measurement can be done with a spectrum analyser. As the spectrum shape of the phase noise sidebands of any
Local Oscillator (LO) used in the process of up/down conversion could be very different depending on factors such as
the type of crystal cut, the filter of the PLL, the noise of the active devices involved, etc. it is not convenient to integrate
the spectrum of a sideband to reflect a single measured number which could not have meaning at all.
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However, samples at certain offsets of the oscillator signal could have more meaning, asindicated in clause 9.4. In each
case of Common Phase Error (CPE) and Inter-Carrier Interference (ICl), 3 frequencies at each side of the oscillator
signal should be measured. In order to make the measurement as accurate in frequency as possible, the spectrum
analyser should be set to the minimum resolution filter available, and should be, at least, aslow as 1 kHz for the 2 k
system and 300 Hz for the 8 k system. In order to average the noise, the video filter should be activated with a value of
at least 100 times narrower than the resol ution filter used. The measured values should be normalized to a1l Hz
bandwidth.

Should the spectrum analyser used not have the 1 Hz normalization capability, it can be done manually with the
following criterion:

For example: carrier frequency: 36 MHz

fn = 10KkHz (represents any of the required offsetsf,, f,, or f)

AB= Equivaent Noise Bandwidth (ENB) of the resolution bandwidth filter: 270 Hz
video bandwidth: 10 Hz or 30 Hz

NOTE 1: The spectrum analysers typically use near Gaussian filters for the resolution bandwidth with a 20 %
tolerance. The Equivalent Noise Bandwidth (ENB) is equal to the bandwidth of the filter measured
at -3,4 dB, (by actually measuring the filter of the spectrum analyser, the 20 % tolerance factor is
eliminated).

Then the following conversion to 1 Hz bandwidth can be applied:
Pn = (noise _ power _in_ AB)dBm —10log,,AB + 2,5dB in [dBm/HZ]
NOTE 2: The 2,5 dB term accounts for the correction of 1,05 dB due to narrowband envelope detection and the
1,45 dB due to the logarithmic amplifier.
E.4.1 Practical information on phase noise measurements
This example from the works of AC106 VALIDATE Project and taken from the DTG D book, shows a recommended
mask for phase noise measurementsthat is valid for local oscillators and is considered to cover safe limits for both CPE

and ICI phase errorsin the 2k mode of DVB-T. The following values are recommended.

Table E.11: Frequency offsets for phase noise measurements

f

a

f

f

C

fa

Frequency

10 Hz

100 Hz

3 kHz

1 MHz

Limits L to L

-55 dBc/Hz

-85 dBc/Hz

-85 dBc/Hz

-130 dBc/Hz
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Carrier

0dB
_|_a
L, & L,
______________________________________________________ L,

OHz
Frequency offsetts » f, 1y f. fq
1.- Possible mask for phase noise measurements. The axis are not to scale, see table for values.

Figure E.12: Example for phase noise mask

Thetotal phase noise in the signal isthe cumulative effect of all local oscillators (L.O.) that are used in the signal path.

Clause A.4 can be seen for additional information on phase noise measurements.

E.5 RF/IF signal power

E.5.0 General

See clause 9.5.

The signal power can be measured directly at the interfacesK, L, M, N or P or by using a calibrated splitter. Care
should be taken at interfaces L or M not to overdrive the maximum allowed input signal for the spectrum analyser or
power metre.

The shoulders of the spectrum should not be accounted for in the measurement of power because they do not represent
any useful power conveying information. The shoulders are unwanted results of the FFT process and aso due mainly to
non-linearity of the practical implementations.

E.5.1 Procedure 1 (power metre)

An spectrum analyser is used with an integrating routine which can measure the mean power aong frequency slots
covering the overall part of the spectrum to be measured (this capability is currently available in several spectrum
analyser on the market). In this case the values to be supplied to such aroutine or to be used if manual undertaken of the
measurement is wanted are:

1) Centrefrequency of the spectrum: if possible as calculated under measurement E.2;

2)  Spectrum bandwidth of the signal: 7,61 MHz for an 8 MHz channel system.

ETSI



130 ETSI TR 101 290 V1.4.1 (2020-06)

E.5.2 Procedure 2 (spectrum analyser)

With the above considerations in mind, it would be very difficult to use an exact square filter for the measurement with
apower sensor, however a good approximation should be obtained if afilter is used which can even take in account part
of the shouldersin the measurement.

For measuring with athermal power sensor such an appropriate filter should be used.

Interface D, E, W or X behind ] Power meter
Filter or spectrum analyser

I and Q clock from Interface C or D

Figure E.13: Test set-up for RF/IF power measurement

E.6  Noise power

E.6.0 General

See clause 9.6.

Typicaly al the power present in a channel which is not part of the signal can be regarded as unwanted noise. It can be
produced from different origination and be of the form of random noise (thermal), pseudo-random (digitally modulated
interfering carriers) or periodic (Continuous Waves CW or narrowband interference), the first two are called
non-coherent and the periodic ones are termed as coherent. In this measurement, all different types of noise are
measured simultaneously, and the measured result can be termed as unwanted power.

For doing this measurement the signal should be switched off. The measurements can be done at interface N (RF level)
or at interface P (IF level).

Noise level can be measured with a spectrum analyser or any other appropriate device. The same bandwidth
considerations and methodology used in clause E.6 apply to this measurement in both cases, using a power metre and a
spectrum analyser.

Interface D, E, W or X behind ) Power meter
Filter or spectrum analyser

I and Q clock from Interface C or D

Figure E.14: Test set-up for out-of-service noise power measurement

E.6.1 Procedure 1

Exactly equa to the above preferred procedure for signal power, clause E.6, but understanding that the signal for this
channel under measurement has been switched off.

E.6.2 Procedure 2

Using a power metre as in the alternate procedure above in clause E.6, using the same filter and with the channel signal
off.
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E.6.3 Procedure 3

If the noise floor in al bandwidth of interest isflat, it would be possible to measure the noise power at any frequency
point inside the channel bandwidth and normalize the value to the nominal bandwidth of (n-1) x fgpacng (7,61 MHZ

for 8 MHz channels 6,66 MHz for 7 MHz channels).

If the spectrum analyser does not have normalization routine to the wanted bandwidth the following procedure can be
used.

In order to average the noise, the video filter should be activated with avalue of at least 100 times narrower than the
resolution filter used, this resolution bandwidth filter should be chosen to be as wide as possible in order to average as
much spectrum of the channel as possible, but not exceeding such bandwidth (e.g. 7,61 MHz), the equivalent noise
bandwidth AB (MHZ) of the filter should be known by the specifications given by the manufacturer, or measured
following manufacturer indications. The noise power measured can be normalized to the wanted bandwidth using the
following formulae:

Noise power (dB) = Measured level (dB) + 10 log, (7,61/AB) + 2,5 dB (for 8 MHz channels)

If the spectrum analyser has a routine to normalize to 1 Hz, (this use to include the 2,5 dB correction) but not able to
normalize to the wanted bandwidth, the following conversion can be applied:

Noise power (dB) = Measured level (dB/Hz) + 10 log,, (7,61 x 10%) =

Measured level (dB/Hz) + 68,8dB  (for 8 MHz channels)

E.6.4 Measurement of noise with a spectrum analyser

Care should be taken when the measured noise has a display level close to the display level of instrument noise, (less
than 10 dB), because an additional proximity factor should be applied. Thisistypically done automatically in some
instruments available in the market.

If thisis not available in the instrument, it is necessary to subtract a correction factor CF from the noise level measured,
the following correction table can be used.

Table E.12: Correction Factor (CF) for measured noise level

D (dB) CF (dB)
0,5 8,63
1 6,87
15 5,35
2 4,33
3,01 3,01
4 2,2
5 1,65
6 1,26
7 0,98
8 0,75
9 0,58
10 0,46

D isthe distancein display level between the instrument noise (no signal applied to the input) and measured noise level
(with no change in the settings).

Notice that below 2 dB of D, the reliability of the result after applying the CF is under question due to the uncertainty of
the measurement and the corresponding big value of CF to be subtracted.

E.7 RF and IF spectrum

Seeclause 9.7.
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To be defined after some practical experience is achieved.

E.8 Receiver sensitivity/dynamic range for a Gaussian
channel

See clause 9.8.

DUT

DVB-T T N DVB-T
Test transmitter Rx

W, X

BER
Monitor

Figure E.15: Receiver sensitivity/dynamic range for a Gaussian channel

E.9 Equivalent Noise Degradation (END)

E.9.0 General
See clause 9.9.
DVB-T
X DVB-T
Rx
Noise
Generator N.P.S
W, X
BER
Monitor

Figure E.16: Equivalent Noise Degradation (END)

All measurements of performance parameters are carried out by using a dummy load which provides areturn loss for
the wanted channel which islow enough not to influence the measurement.

E.9.1 Description of the measurement method for END

To improve the accuracy of the measurement, two independent noise sources are used. By this, the influence of the

tolerance of the first attenuator is eliminated which could well be in the same magnitude as the wanted measurement
result.
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The following steps should be carried out to arrive at an accurate ENF value:

1)  Connect thereal DVB-T transmitter to the DVB-T receiver and add Gaussian noise, N, to the point where
the BER reaches a pre-determined value (e.g. 2 x 10 after Viterbi decoding). N does not have to be
measured. No channel noise, N, should be added. The C/N at the input to the receiver (Interface C) is

therefore
C/(Niy + Ngg)-

2) Replacethereal DVB-T transmitter by the ideal one (disconnect N,, in figure E.17). The C/N at Interface C is
now somewhat higher (C/N,), since N,, isno longer present. The BER is therefore now lower than the
predetermined value.

3) Add Gaussian channel noise, N, to the point where the BER has reached its predetermined value again. The
C/N at interface C is now C/(N, + Ng)-

4) Measurethe value of C/Ny, at Interface B.

Interface Interface Interface
Real DVB-T Tx A B C

Unknown
DVB-T

Ideal C
I Rx

DVB-T :
Tx .

Nch Ncal
s Fixed

BER=2 x 104
after Viterbi or
RS decoding

Figure E.17: ENF measurement scheme

Since both C/(N;, + N5) and C/(N, + N) lead to the same BER, N, can be identified with N,, and be regarded as
an estimate of Ny,.

The ENF is defined to be 10 190g(N,,/C). The estimated ENF value s similarly 10 1%0g(N/C)

Aslong asall distortions of a DVB-T transmitter can be well approximated by the Gaussian noise, N,,, the ENF

measurement, as described above, should be completely independent of both the DVB-T mode and the receiver
characteristics. For highest measurement accuracy the measurement should however preferably be done using the
(non-hierarchical) mode requiring the highest C/N, i.e. 64-QAM R=7/8.

In practice, there might however be selective effects such as amplitude ripple and spurious signals within the useful
bandwidth. In these cases the ENF will in principle be better (= a more negative value) when stronger code rates are
used (such as R = 1/2 or 2/3) than when weaker codes are used (such as R = 5/6 or 7/8). Whether this differenceis
measurable or not remains to be seen. It is therefore recommendable to measure the ENF also for the other code rates. If
there is negligible difference between the ENF figures for the different code rates, thiswill imply that there are few
selective effects and/or that these effects can be well approximated by Gaussian noise. If however there is a significant
difference in ENF figures thisimplies that the ENF (and hence END) is code rate dependent. In such a case the ENF
value to be used (either by itself or for the calculated END) should preferably be the one measured with the same code
rate as the DVB-T transmitter will be used with by the network operator.
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E.9.2 Conversion method between ENF and END

Let (C/N)pin, theory be the minimum C/N requirement for a DVB-T mode given by ETSI EN 300 744 [i.9].

Assume an implementation loss of 3,0 dB for all modes.
Let X = (C/N)pin, rea b€ the corresponding minimum required C/N for aDVB-T mode.

X = (CIN)min, real = (C/N)min, theory + 3,0 dB
END can be calculated from ENF by the formula:
END = -10 100g(10 -X/10.-10 ENF/10) . x
Example;
X = 19,5 dB (64QAM, R= 2/3) ENF =-30,0 dB

END = -10 10jog(10 -19:510-10 -30.0/10) - 19,5 dB = 0,41 dB

E.10 Linearity characterization (shoulder attenuation)

E.10.0 General

OFDM Interface K croeroerreeoess o Interface K Transmitter
. (or L) . Attenuator (orL)
signal source = (adjustable) : (up-converter and/or
IF out @) IFin power amplifier)
(1) (or RF out) R S A (or RF in) (3)
Interface M
RF out
. Attenuator Directive a t:za(:lvljZ:or
. (adjustable) ool coupler
: 7 : 5
...... ™ ®) @)
Power Spectrum
meter : analyzer
@®) : (6)

Figure E.18: Test set-up for "linearity characterization"

E.10.1 Equipment
(1) OFDM signal source (interface K or L of DVB-T transmitter);
(2) attenuator, possibly adjustablein 0,1 dB (max. 0,5 dB) steps. Optional, see clause E.10.2, remark (d);
(3) transmitter under measurement;
(4) power attenuator;

(5) directive coupler or attenuator, see clause E.10.2, remark (a);
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(6) spectrum analyser;
(7) attenuator, possibly adjustable. Optional, see clause E.10.2, remark (c);

(8) power metre. Optional, see clause E.10.2, remark (a).

E.10.2 Remarks and precautions

a) Power metre (8) can be useful to verify and monitoring the output power of the transmitter (3) and for the
calibration process. If power metre (8) is not available, the directive coupler (5) can be replaced by an
opportune attenuator connected to the spectrum analyser (6).

b) Careshould be taken in the choice of the power attenuator (4) in terms of max. admitted power.

c) Careshould betaken in the choice of all attenuators (and directive coupler) to prevent damage to test-set
equipment. For example, the function of the optional attenuator (7) isto protect the probe of the power metre.
The attenuator (7) can also be useful for other measurements and, for example, be connected in a chain to the
receiver.

d) Pay attention to the admitted power at the IF (or RF) input of the transmitter, in order to obtain a proper
working point. Optional attenuator (2) can be used for this purpose.

E.10.3 Measurement procedure (example for UHF channel 47)

Step 1. Select the centre frequency of spectrum analyser in the middle of the UHF channel (i.e. 682 MHz
for channel 47). Verify the output power level using an high resolution BW (3 MHz or 5 MHz)
and compare with the value obtained by the power metre (if available).

Step 2: Select the centre frequency of spectrum analyser at the end of the UHF channel (i.e. 686 MHz for
channel 47).

Step 3: Select an adequate span (for example 2 MHz).

Step 4: Select the resolution BW (10 kHz is adequate for 2 k and 8 k mode) and adjust levels. Video BW

is of the same order.

Step 5: Measure the power level at 300 kHz and 700 kHz from upper edge of the DVB-T spectrum and
proceed asindicated in clause 9.10. Last DVB-T carrier is at approximately +3,8 MHz from the
centre of the UHF channel: then, for channel 47, the two measurement points are at 686,1 MHz

and 686,5 MHz.
Step 6: Repeat steps from 2 to 5 for the lower edge of the spectrum.
Step 7: The worst case value of the upper and lower resultsis the "shoulder attenuation” (dB).

NOTE: The value obtained should be joined up with the used mode (2 k or 8 k) of the OFDM source.

If available, the "maximum-hold" function of the spectrum analyser can help to carry out the measurement.
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Power
[dBm Last DVB-T carrier
(at approx. 6858 MH2) End of UHF channd 47
A |
/( i
Res BW 10kHz
| DVB-T spedtrum Video BW 10kHz
(max. velug) Span 2MHz
Shoulder
/)\ attenuation
DVB-T spectrum—_| \
\"\V\
ref. OJkHZ +:{leHz ﬂDJkHz +7OOJKHZ Fr &
L L B [MHZ
685 6855 686 6865 687

Figure E.19: Example with the upper edge of the DVB-T spectrum in UHF channel 47

E.11 Power efficiency

A DVB-T M
Tx X
RF Power
Meter
Mains
Power
Meter

Figure E.20: Power efficiency

E.12 Coherent interferer

Connect a suitable spectrum analyser to interface N.
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E.13 BER vs. C/N by variation of transmitter power

RF Power
Meter

DVB-T
E,F Tx M W

PRBS
Generator N B
DVB-T
. Test Receiver
Noise
Generator |N.P.R u,Vv
BER
Test Set

Figure E.21: BER vs. C/N by variation of transmitter power

Adjust signal level at receiver input to the same value for different Tx output power values by attenuator.
The results of this measurement can be put in diagrams, such as:

- BER vs. C/N for constant P,

out’

- BER vs. P,

out TOr constant C/N;

- BERvs. P, for constant noise power.

E.14 BER vs. C/N by variation of Gaussian noise power

signal source
@1 Q
K L Interface N @BER
&
IQ
mod
@

@ RF carrier 7/ L

@ noise source

spectrum analyser
©

Figure E.22: BER vs. C/N by variation of Gaussian noise power
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E.15 BER before Viterbi (inner) decoder

See clause 9.15.

NOTE: For the measurements described in clauses 9.15, 9.16, 9.17, 9.18 and 9.19 dedicated measurement
instruments are envisaged.

E.16 Overall signal delay

Void.
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Annex F:
Specification of test signals of DVB-T modulator

F.1 Introduction

In order to compare simulated data within aDVB-T modem it is necessary to specify test points, signal formats and a
subset of modes. The present document contains the specifications of how to do this. The present document should be
accurate enough to enable comparison of simulated data at different points within the modulator.

F.2  Input signal

1 18 23
=1
. Input test
u sequence to
Sync byte generator x| modulator

Figure F.1: Input test sequence generator for DVB-T modulator

The number of bitsin a super-frame is depending on the actual DVB-T mode. The maximum number of Reed-
Solomon/MPEG-2 packetsin a super-frameis 5 292. This correspondsto 7 959 168 input bits that is shorter than a
maximum length sequence of length 223-1 = 8 388 607. The input test sequence to the modulator can therefore be
generated by a shift register of length 23 with suitable feedback. The generator polynomial should be 1 + x18 + x23, The
PRBS data on every 188 byte is replaced by the sync byte content, 47 HEX. This means that during the sync bytes the
PRBS generator should continue, but the source for the output is the sync byte generator instead of the PRBS generator.
The input test sequence starts with a sync byte as the first eight bits, and the initialization word in the PRBS generator is
"al ones'. The PRBS generator is reset at the beginning of each super-frame. The test sequence at the beginning of each
super-frame starts with:

0100 0111 0000 0000 0011 1110 0000 0000 0000 1111 1111 1100 (first byteis sync byte 47 HEX).
The corresponding HEX numbersare; 47 00 3E 00 OF FC.

There are up to eight possible phases of the energy dispersal with respect to the start of the super-frame. The first sync
byte in the sequence, i.e. the first 8 bits should be inverted by the energy dispersal block. The length of the input signal
can in principle be arbitrary. However, it is not meaningful to have a sequence shorter than one OFDM symbol. The
maximum length will in practice be limited by the amount of data. Very large data files may be difficult to handle and
interchange. One super-frame is therefore regarded as the longest sequence of interest. The outer interleaver will spread
data across the super-frame boundaries. The ambiguity in the output sequence caused by thisis circumvented by
using the second super-framein the simulated sequence asthe output signal. This means that the simulator should
produce one super-frame before useful data startsto appear at the output.

Thefile format for storing data allows for variable lengths of simulated data since the length indicator is contained in
the header of the file. Simulations with different lengths can therefore be compared over the length of the shortest
sequence.
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F.3 Test modes

The file header in the test file contains information about the specific DVB-T mode used for the simulation. By reading
this information a complete description of the set-up is obtained. In order to ease comparison of data and to reduce the
amount of simulations necessary a set of "preferred modes" are defined. The preferred test mode for non-hierarchical
transmissioniis:

Inner code rate: 2/3;
M odulation method: 64 QAM;
FFT size: 8k;
Guard interval: 1/32.
For hierarchical transmission the preferred modeis:
Inner code rate HP: 2/3;
Inner code rate LP: 3/4;
Modulation method:  QPSK in 64 QAM, o. = 2;
FFT size: 8Kk;
Guard interval: 1/32.

F.4  Test points

The simulated data can be probed at different points within the modulator. Eight test points are defined, which are
related to the interfaces described in figure 9.1

1) atinput (A);

2)  after mux adaptation, energy dispersal (B);
3)  after outer encoder (C);

4)  dfter outer interleaver (D);

5)  after inner encoder (E);

6)  after inner interleaver (F);

7)  after frame adaptation (H);

8)  after guard interval insertion (J).

F.5 File format for interchange of simulated data

F.5.0 General

The file header as well as simulated data from the modem are stored as ASCII characters on fileswith carriage return
and line feed at the end of each line. In order to interchange data it isimportant that the same file format be used by
everyone. A file containing such data should have a header which has the following information:

- text string with a maximum of 80 characters (affiliation, time, place etc.);

- "printf" string used to store the datain the data section of thefile;
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- test point description;
- length of data buffer;
- constellation;

- hierarchy;

- code rate (code rate for HP);
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- code rate LP (not applicable for non-hierarchical transmission modes);

- guard interval;

- transmission mode;

- simulated data (HEX or floating point).

The specification for each of these entries are given in tables F.1 to F.8.

F.5.1 Test point number

Table F.1: Test point number

Test point Interface Text contained in file header
1 A at input
2 B after MUX adaptation and energy dispersal
3 C after outer coder
4 D after outer interleaver
5 E after inner coder
6 F after inner interleaver
7 H after frame adaptation
8 J after guard interval insertion

F.5.2 Length of data buffer

The length indicator specifies the number of lines contained in the data section of the file which has two floating points

or one two digit HEX on each line.

F.5.3 Bit ordering after inner interleaver

The signal at test point 4 after inner interleaver should contain data from one carrier on each line. The bit ordering

should be according to table F.2.

Table F.2: Bit ordering in the signal representation at test point 4, after the inner interleaver

Modulation method Bit ordering Representation
QPSK Yoq Y1q 2-digit HEX (00 to 03)
16 QAM Yoq Y1q Y2q Yaq 2-digit HEX (00 to OF)
64 QAM Yoq Y1q Y2q Yaq Yaq Ysq 2-digit HEX (00 to 3F)
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F.5.4 Carrier allocation

The signal contains 1 705 or 6 817 active carriers for the 2 k and 8 k modes respectively. In order to ease comparison of
different data sets the allocation of these into the FFT bins should be specified. The signal is arranged such that it is
centred around half the sampling frequency.

Table F.3: Carrier allocation

FFT bins FFT bins FFT bins
containing zeros containing active containing zeros
2 k mode Oto 171 172 (Kppyi) 10 1876 (Ki00) 1877 to 2 047
8 k mode 0 to 687 688 (K,;,) to 7 504 (K .,) 7505to0 8 191
F.5.5 Scaling

At test point 7 (after frame adaptation) the data should be scaled such that: "Vector length of a boosted pilot" is equal to
unity.

The gain factor through the IFFT should be equal to unity. This gain factor is defined as:

where x are the complex numbers representing one complete OFDM symbol at the input of the IFFT including data
carriers, pilots and null-carriers. And z is the complex signal for the corresponding OFDM symbol at the IFFT output
before guard interval insertion. The number N is equal to the IFFT size (2 k or 8 k). The asterisk denotes complex
conjugate. This ensures correct scaling of data at test point 8 (after guard interval insertion).

F.5.6 Constellation

The possible constellations are listed in table F.4. The file header should contain one of them.

Table F.4: Constellations

QPSK
16-0AM
64-QAM

F.5.7 Hierarchy

The hierarchical identifier specifiesif hierarchical mode is on or off and also the apha value in case hierarchical mode
ison. For non-hierarchical transmission alphais set to one. Table F.5 contains the possible choices and the file header
should contain one of them.

Table F.5 Hierarchical identifier

Non-hierarchical, alpha=1
Hierarchical, alpha =1
Hierarchical, alpha = 2
Hierarchical, alpha = 4
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F.5.8 Code rate LP and HP

The code rate identifier specifies the code rate for the LP and HP streams. Table F.6 contains the possible choices and
the file header should contain one of them.

Table F.6: Code rate identifier

Code rate identifier
1/2
2/3
3/4
5/6
718

F.5.9 Guard interval

Table F.7 contains the possible choices for the guard interval and the file header should contain one of them.

Table F.7: Guard interval identifier

Guard interval identifier
1/32
1/16
1/8
1/4

F.5.10 Transmission mode

The transmission mode can be either 2 k or 8 k. Table F.8 contains the possible choices and the file header should
contain one of them.

Table F.8: Transmission mode identifier

Transmission mode identifier
2048
8192

F.5.11 Data format

The data at test point 1 to 6 are written to file using 2-digit HEX numbers with "printf" string % X\n.

At test point 7 and 8 each line in the file contains real and imaginary parts with at least 6 significant decimal digits each.
Thereal and imaginary parts and separated by at least 2 spaces. The datais written to file using "printf" with % €\n.

F.5.12 Example

Thisisan example of aprint-out of afile containing the data sequence at the input for the preferred mode for non-
hierarchical transmission. The text in parenthesisis just for explanation and should not be contained in the file.

Stockholm, May 22, 1996, example of input data. Preferred non-hierarchical mode:
%X\n (Data stored in HEX format);
atinput (Dataat test point 1 at modulator input);

758016 (One super-frame of data);
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64-QAM (Constellation 64 QAM);

non-hierarchical, alpha=1 (Non-hierarchical transmission);
2/3 (2/3 inner code rate);

0 (Don't care. Code rate LP);

1/32 (Guard interval = 1/32);

8192 (8K IFFT size);

47 (First data byte is sync byte 47 HEX);

00 (Rest of data).
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Annex G:
Theoretical background information on measurement
techniques

G.0 Introduction

This informative annex presents a review of the theoretical background to the measurement techniques recommended in
the present document. It is an attempt to gather the most relevant background information into one location, particularly

for the benefit of engineers and technicians who are new to digital modulation techniques. It is hoped that it will provide
aworking knowledge of the theoretical and practical issues, particularly the potential sources of ambiguity and error, to

help users of the present document make valid, accurate and repeatable measurements.

G.1 Overview

The basic purpose of adigital transmission system isto transfer datafrom A to B with as few errors as possible. It
follows that the fundamental measure of system quality is the transmission error rate.

The transmission error rate is usually measured as the Bit Error Rate (BER), however it can also be informative to
consider the error rate of other transmission elements such as bytes, MPEG packets, or m-bit modulation symbols. In
practice, although a certain guaranteed minimum BER performance may be a system implementation goal, the system
BER aoneis not a particularly informative measurement.

The most important figure of merit for any digital transmission system isthe BER expressed as a function of the ratio of
wanted information power to unwanted interference power (C/N). Thisis underlined by the fact that most of the
measurements in the present document are built around this central theme of BER vs. C/N (or, equivaently, BER vs.

Ey/Ng)-

There are measurements of the individual elements (power and BER measurements). There are measurements of the
difference between theoretical and ideal performance (margin and degradation measurements). There are measurements
intended to help identify the sources of transmission errors (interference, spectrum, jitter and 1/Q measurements). There
are measurements for monitoring the consequences of transmission errors at the system level (availability, error event

logging).

G.2 RF/IF power (“carrier")

When describing the Quadrature Amplitude Modulated (QAM) signals employed by DVB-C or the Quadrature Phase
Shift Keying (QPSK) signals employed by DVB-S, it is common to refer to the modulated RF/IF signal as"carrier" (C),
mainly to distinguish it from "signal" (S) which is generally used to refer to the baseband demodulated signal.

Strictly, it isincorrect to describe this signal as "carrier" because QAM and QPSK (which is equivalent to 4-state QAM)
are suppressed carrier modulation schemes. For OFDM, with thousands of suppressed carriers and assorted pilot tones,
the label "carrier" is even more inappropriate. Thisiswhy deliberately the expression "wanted information power” is
used in the clause above, and why the parameter is referred to as " RF/IF power” in the present document.

However, it is clear that engineers will continue to use "carrier” as a convenient shorthand for this parameter,
particularly when talking about the " carrier”-to-noise ratio. It seems futile to attempt to change this, so instead it is
clearly defined what is meant by "carrier” in this context. Carrier, more accurately called RF/IF power, isthe total
power of the modulated RF/IF signal as would be measured by athermal power sensor in the absence of any other
signals (including noise).
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For DVB compliant systems the QAM/QPSK passband spectrum is shaped by root raised cosine filtering with a roll-off
factor alpha (o) of 0,15 for DVB-C systems, or 0,35 for DVB-S systems. For an ideal QAM/QPSK system this means
that all the RF/IF power will lie in the frequency band:

f
BWOCC (QAM ) = fc * (1+ a)X7S (G 1)

Equation G.1 defines the occupied bandwidth of the signal, where f isthe carrier frequency, fgisthe symbol rate of

the modulation, and o is the filter roll-off factor. RF/IF power (or "carrier") isthe total power in this "rectangular”
bandwidth, that is, with no further filtering applied.

For OFDM systems the definition of occupied bandwidth is expressed differently because of the radically different
modulation technique, however the principle is very similar. The OFDM "shoulders" are not considered to be wanted
information power, and are not included in the RF/IF power cal culation, even though the power does actually come out
of the transmitter:

BWocc (orom ) = NX fepacing (G.2)

wheren = 6 817 (8 k mode) or 1 705 (2 k mode) and fgpp o ng = 1 116 Hz (8 k mode) or 4 464 Hz (2 k mode).

Inareal multi-signal system (e.g. alive CATV network) measurement of the RF/IF power in asingle channel requires a
frequency selective technique. This could employ athermal power metre preceded by a suitably calibrated channel
filter, a spectrum analyser with band power measurement capability, or a measuring receiver. Depending on the
measurement technique a filter may be required to exclude the "shoulders® of asingle OFDM signal.

G.3 Noise level

The noise level isthe unwanted interference power present in the system when the wanted information power is
removed. Thisis aless bounded quantity than the RF/IF power because there is no definitively "correct" bandwidth
over which to measure the noise. The choice isto some extent arbitrary, but the "top three" choices are probably:

1) Channéd bandwidth: In a channel based system such asa CATV network you could choose the channel
bandwidth, for example 8 MHz, as the system noise bandwidth. Thisis considered by the DVB-MG to be
inappropriate for C/N measurementsin digital TV systems. It will result in misleadingly poor C/N ratios when
the modulation symbol rateislow relative to the available channel bandwidth. It unnecessarily complicates
conversion between C/N measurements made "in the channel " and "in thereceiver " by introducing symbol
rate dependent correction factors.

2)  Symbol rate: For digital modulation employing Nyquist filtering split equally between the transmitter and
receiver, the noise bandwidth of the receiver equals the symbol rate. Thisis considered by the DVB-MG to be
appropriate for "in the receiver " C/N measurements of digital TV systems since this reflects the amount of
noise entering the receiver independent of symbol rate.

3) Theoccupied bandwidth: For digital modulation employing Nyquist filtering the occupied bandwidth of the
modulated signal is (1 + o) X fq. Thisis considered by the DVB-MG to be appropriate for "in the channel "

C/N measurements of digital TV systemssince it exactly covers the transmitted spectrum, independent of
symbol rate.

The DVB-MG have chosen occupied bandwidth, as defined by equation G.1, as the standard definition of noise
bandwidth in DVB-C and DV B-S systems. Thisis primarily because "in the channel " C/N is considered to be the
fundamental measurement, but a so because a simple correction factor can be applied to determine the equivalent "in
the receiver " C/N value.

The other possihility that should be mentioned is to assume that the noise power is evenly distributed across the
frequency spectrum of interest and so can be described by a single noise power density value (N) which isthe noise

power present in a 1 Hz bandwidth. From this, the noise power present in any given system noise power bandwidth
(BWgy ) can be obtained by simple multiplication:

N = NOXBWSYS (G3)
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By talking in terms of N, there is no need to define a noise bandwidth, but an assumption is made that the noise power
spectrum is flat across the bandwidth of interest.

G.4  Energy-per-bit (Ep)

Trying to commission a DV B system against tight deadlines, Energy-per-bit (E;) seemsto be arather academic
concept, particularly since the directly measurable quantity is RF power.

However, it is useful to understand E;, even if only to avoid confusion when it appears in technical specifications or
discussions. Historically, use of E,, arises from information theory and as part of an academic desire to normalize the
performance of different modulation formats and coding schemes for comparative purposes.

The Energy-per-bit is the energy expended in transmitting each single bit of information. E;, is of little practical use on
itsown, it is most useful in the context of a graph of BER vs. the E, /N ratio - the well-known "waterfall curve" (see
figures G.1 and G.2).

By normalizing to an E, /N ratio on the X axis, the relative performance of various complexities of digital modulation
and channel coding can be compared because the scaling effects of actual signal and noise powers, number of
bits-per-symbol and symbol rate are removed. It is then simply a case of comparing the bit error probability for a given
ratio.

Energy-per-bit can be easily trandated to carrier power. Power is energy-per-second. Which can be expanded to
energy-per-bit, times bits-per-symbol, times symbols-per-second. Expressed algebraically it gives:

C=Epxlogy(M)x fg (G4)

G.5 C/N ratio and Eu/No ratio

The parameters that can be directly measured are RF/IF or "carrier" power (C) and noise power in a certain bandwidth
(N). From these measurements the C/N ratio can be computed.

With the equations above, knowledge of the other parameters (e.g. fg) and alittle algebrait is also possible to arrive at
an equivalent Ey/N ratio.

G.6  Practical application of the measurements
At this point it seems that C/N (or E,/N) is defined, and indeed it is from an algebraic perspective.

However, there is scope for endless confusion in applying these simple formulae unless the user is very clear about
where the C/N or E /N, ratio is being measured, and what val ues are being used for the subordinate parameters, most

particularly the system noise bandwidth.

C/N (or E/Ng) can be measured "in the channel” or "in the receiver". The meaning of "in the channel" isfairly self-
evident, "in the receiver" may need further explanation.

There are typically three filtering processes present in areceiver. Thefirst (whichis optiona) is arelatively broadband
tuneabl e pre-selection simply to reduce the power presented to the receiver RF front-end. The second, usually applied at
an IF, isahigh-order bandpass channel selection filter to extract the desired signal with (ideally) no modification of the
signal spectrum. Thethird is the root-raised cosine Nyquist filtering, commonly implemented in the low pass filters
following the I/Q demodulation.

For theoretical smplicity it is assumed that the receiver's bandwidth and band shape are defined totally by the low-pass
root-raised cosine filters because the intended purpose of the other RF/IF filtersisonly signal pre-selection. So the
receiver can be modelled as a broadband receiver with aroot-raised cosine passband filter followed by 1/Q
demodulation.
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With thisin mind, "in the receiver" can be seen to mean "after the bandwidth and band shape modifying effects of the
receiver Nyquist filters has been taken into account".

Whether artificialy generating a specific C/N ratio or just measuring the existing C/N ratio it isimportant to understand
the difference between the "in the channel” and "in the receiver" nodes.

On amore practical note, graphing the BER performance of areceiver versus E, /N removes the ambiguity introduced
by varying noise bandwidth. If the "in the channel” E;, value is used then acertain BER curve is derived, if the slightly
lower "in the receiver" E, valueis used then the E,/N ratio is slightly poorer for the same BER, the curve moves to the

left (closer to the theoretical curve) and the implementation loss decreases because the loss due to the receive filtersis
not included. An example may help to explain this.

G.7 Example

Creation of asignal with a specific C/N ratio in order to test the performance of an Integrated Receiver Decoder (IRD),
or perhaps to degrade an incoming RF/IF signal to a specific C/N ratio in order to establish the noise margin.

To do this, add broadband white Gaussian noise "in the channel " to the relatively noise free RF/IF signal. Measure (or
compute) the carrier power and then adjust the noise power density to give the required noise power in the selected
noise power bandwidth.

Taking the following QAM system parameters as an example:

Symbol rate: f5=6,875MHz,

Filter roll-off: o =0,15;

System noise bandwidth:  BWy o, = 8 MHZ;

Constellation size: M = 64;

Carrier power (in dB): C=-25dBm.
then:

C=-25dBm
E,, = C—10xlog;o(logy(M )x fg)=-10115 dBm

If aC/N ratio of 23 dB is wanted, then:

N=C- (Ej =-48,00dBm
N /g

N, = N—10xl0g,(BWos) =—11703 d&m

So the ratio of Carrier-to-Noise applied in an 8 MHz system bandwidth at RF/IF can be described as:

C

—~ =23,00 dB
N
5 =1588dB
NO
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This signal is then passed through the receiver root-raised cosine filters. The equivalent noise bandwidth of a bandpass
root-raised cosine filter is equal to the symbol rate fg. The noise power originally defined in an 8 MHz system

bandwidth is reduced accordingly:

fs
NRec = N+10xlogyg| — S |=-4866
REC glo[BW\‘ J 8

OIE dB (G.5)

The noise power density N is unchanged by the receive filter:
No(rec) = No = -117,03 dBm.
The signal power is already root-raised cosine shaped by the transmitter and so its power is only modified by the factor
(1-0/4):
o
CREC =C+10xI Oglo(l— —j =-2517
4 dB (G.6)

The Energy-per-bit E,) is subject to this same reduction factor: Eb(REC) =-101,32 dBm.

So theratio of Carrier-to-Noise inside the receiver can be described as:

Crec _ 234948
REC

Eorec) _ 15,71dB
0(REC)

Itisthisreceived C/N (or Ey/N) ratio that, when demodulated transates directly to a Signal-to-Noise Ratio (SNR) in

the I/Q domain. In the idealized case that white Gaussian noise is the only impairment present then this also determines
the Modulation Error Ratio (MER).

A general formulafor the C/N modification due to the receive filters can be derived:

)

(:Ri =£+1OX|0910
rec N ( s j
BWvoise /] 4g (G.7)
and another for E,/N:
@ = i +10x | Og]_0|:1_g:|
Norec) No 4

dB (G.8)

For the C/N case the correction factor is dependent on filter roll-off, symbol rate and the system noise bandwidth used
to define the noise power. However, if the occupied bandwidth isused asthe system noise bandwidth, then equation

G.7 simplifiesto:
C C (1_23
—REC _ ~ 1 10xlogyg

Neee N ( 1 j
)]s (G.9)

and the correction factor becomes a constant dependent on the filter o only.
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C C
For DVB-C with filter o= 0,15—REC = ~ 10,441 dB:
Nrec

C C
For DVB-S with filter o = 0,35 —REC =~ + 0,906 dB.
NRrec

For comparison, if one were to aways use the channel bandwidth (e.g. 8 MHz) as the system noise bandwidth then one
should use equation G.7, the correction factor becomes symbol rate dependent, and ranges from +0,441 dB for a
theoretical maximum occupancy symbol rate of 6,957 MBaud, through +0,492 dB for the example symbol rate of
6,875 MBaud, to +1,285 dB for atypical lower rate of 5,728 MBaud.

For the E, /N case the correction for the DVB-C standard filter roll-off of o = 0,15 the correction factor is -0,166 dB,
and for the DV B-S standard filter roll-off of o =0,35itis-0,398 dB.

It is perhaps worth mentioning that using the C/N correction formula (equation G.7) gives correction factors which
suggest that the C/N is actually improved by the receive filter, but thisis only because the system noise bandwidth is
larger than the receiver noise bandwidth.

The E,/N, formula (equation G.8) more accurately reflects reality, the information-to-noise ratio is actually degraded

by asmall amount by the receive filter, because for the filter to pass the RF signal spectrum properly at the band edges
it should also pass proportionately more noise power than signal power.

G.8 Signal-to-Noise Ratio (SNR) and Modulation Error
Ratio (MER)

When arandomly modulated QAM or QPSK carrier and the associated passhand noise are demodulated, approximately
half the signal power and half the noise power will be delivered into each baseband component channel (1 and Q). The
demodulation process will have a certain gain, but this gain factor will apply equally to the signal and to the noise so the
resulting SNR in each channel will be approximately the same as the Creo/Nggc ratio computed above.

The vector sum of the mean | and Q signal powers ratioed to the vector sum of the mean | and Q noise powers will, at
least theoretically, be exactly the same as the Creo/Nggc ratio computed above.

Thisratio of 1/Q signal power to 1/Q noise power expressed in dB is the definition given in the present document for
both SNR and for MER. The difference between these two measurements lines in what perturbations of the received
signa are included in the computation.

When the only significant impairment is noise then SNR and MER are equivalent, and are numerically equal to
Crec/Nrec: The relationship between Cre/Ngec and C/N depends on the choice of system noise bandwidth. If the
symbol rate is chosen as the system noise bandwidth (as defined in the present document clause 6.7) then the
relationship is afixed offset of afraction of 1 dB as described above.

This would appear to suggest that C/N measured in the passband can be equated directly to SNR in baseband.
Unfortunately other factors should also be considered in areal system. The SNR of the source modulator, the signal
amplitude dependence of the noise floor of system components, and the fact that the receiver equalizer will have the
effect of trandating some linear impairments into noise. The exact interrelation of these parametersis the subject of
further study.

G.9 BERvs. C/N

Aswas stated in the introduction, the Bit Error Rate (BER) as a function of Carrier-to-Noise ratio (C/N) is the most
important figure of merit for any digital transmission system.
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To evaluate the performance of modulator and demodulator realizations, measured BER values are compared against
the theoretical limits of the Bit Error Probability (BEP) Pg. Regarding DVB satellite and cable transmission schemes

the BEP is usually determined based on the following assumptions:

- the only noise present is additive white Gaussian noise;

- the channel itself does not introduce any linear or non-linear distortions;

- modulator and demodulator are perfect devices (no timing errors, ideal band-limiting filters).
Based on these assumptionsit is possible to calculate fairly accurate upper limits for BEP vs. C/N.

Since C/N depends on noise bandwidth it is common practice to normalize C/N by using E, /N, instead, where E, isthe
Energy-per-bit and N is the noise density. The transition from one value to the other is given by:

& _C BWos
NO N fS xXm (G].O)
where BW\ o, is the equivalent noise bandwidth, fgisthe symbol rate, and mis the number of bits-per-symbol,

m = log,(M), where M is the number of constellation points. When applying this formulait isimportant to be consistent
in using either the "in the channel" C/N or the "in the receiver" C/N values.

If Forward Error Correction (FEC) is employed, the information rate R, is increased up to the transmission rate Ry by
adding the FEC information. The relation:

re R

Rr (G.11)

is caled the FEC rate. The transmission rate of an FEC rate 1/2 system for example will be 2 times the information rate.
Therefore the " Transmission Rate" E,,/Ng will be 3 dB less than the "Information Rate" E,/N, provided C/N stays
constant. This results from the fact that half of the available signal power is spent on FEC information. To compensate
for this effect E, /N should be increased by 3 dB in case of "Information Rate" BEP. In general, if the BEP should be

calculated based on the information rate, E, /N should be increased by 10 x log,o(1/R¢) dB.

If the performance of different FEC schemesisto be compared for power limited channels like satellite transmission,
the information rate should be used because it explicitly takes into account the signal power which is used for
redundancy only, and which is therefore lost for the information itself. In case of bandwidth limited channels like cable
results based on the transmission rate may be more appropriate.

G.10 Error probability of Quadrature Amplitude Modulation
(QAM)

Each state in an M state QAM constellation represents alog,(M) = m bit symbol. For example, each state in a 64 QAM
constellation represents a 6-bit symbol.

When the received signal is perturbed by Additive White Gaussian Noise (AWGN) there is a probability that any
particular symbol will be wrongly decoded into one of the adjacent symbols. The Symbol Error Probability P of QAM

with M constellation points, arranged in arectangular set, for m even, is given by (see "Digital Communication” [i.38]):

} (G.12)
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where erfc(x) is the complimentary error function given by:

erfc(x)= %jetz dt
X

For practical purposes equation G.12 can be simplified by omitting the, generally insignificant, joint probability term to

give the approximation;
Ep | _ 1 3xlog,(M)  Ep
Ps(NOj— 2><[1 N]xerfc{ 72><(M = x—NO

This approximation introduces an error which increases with degrading E,,/N,, but is still less than 0,1 dB for 64 QAM
at Ey/Ny =10 dB.

(G.13)

When M is not an even number (for example M =5 (32 QAM) or M =7 (128 QAM), then equation G.14 provides a
good approximation to the upper bound on Pg ("Digital Communication” [i.38]):

[ o T

As dready stated, the above equations for Symbol Error Probability are based certain simplifying assumptions which
can be summarized as "the system is perfect except for the presence of additive white Gaussian noise”, but within this
rather generous constraint the equations for Pg are exact.

(G.14)

The corresponding Bit Error Probability (BEP) is less easily determined. It is directly related to the Symbol Error
Probability (SEP) but the exact relationship depends on how many bit errors are caused by each symbol error, and that
in turn depends on the constellation mapping and the use of differential encoding.

Two different approaches can be found in the literature. The first one makes no assumption about the constellation
mapping and is based on the probability that any particular bit in a symbol of p bitsisin error, given that the symbol
itself isin error (see "Digital Communication™” [i.38] and see also " Satellite Communications' [i.42]). This approach
leads to:

2P -1 (G.15)

The other approach assumes that an erroneous symbol contains just one bit in error. This assumption isvalid aslong as
a Gray coded mapping is used and the BER is not too high. Under these assumptions:

Py = L Ps
P (G.16)
These approaches give different results for symbols of two or more bits. The second approach is generally adopted

because DVB systems employ Gray code mapping. The results tabulated in annex D are based on equations G.12 and
G.16.

It should be mentioned that for QAM systems DV B only employs Gray coding within each quadrant, the quadrant

boundaries are not Gray coded, and the mapping is partially differentially coded. Further work is required to establish
the exact Py to Pq relationship for this combination of mapping and coding.
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G.11 Error probability of QPSK

QPSK can be analysed as 4 QAM. Evaluation of the genera QAM equation (G.12) for M = 4 gives:

o{i)-d et

Again this can be simplified by dropping the joint probability term to give:

(o4l

Using the Pg to Py relationship defined in equation G.16, the expression for Pg for QPSK modulation becomes:
po[ B | Luartd [Eo
No, 2 No
(G.18)

G.12 Error probability after Viterbi decoding

Sinceit isnot possible to derive exact theoretical expressions for the performance of convolutional codes, only upper
bounds can be presented in this annex. The upper bound:

Ep 1.1 / Ep
B[ oj kxzxd_gdw( )>< c{ R, xdx 0]
—f

provides a good approximation for infinite precision, soft decision Viterbi decoding and infinite path history, aslong as
E/Ng is not too low (see "High-Rate Punctured Convolutional Codes for Viterbi and Sequential Decoding”, IEEE
Trans. Commun., vol 37 [i.39] and also see "Further Results on High-Rate Punctured Convolutional Codes for Viterbi
and Sequential Decoding”, |EEE Trans. Commun., vol 38 [i.40]).

(G.17)

(G.19)

In equation G.19, d; specifies the free distance of the used code, w(d) can be derived from the transfer function of the
convolutional code or determined directly by exhaustive search in the trellis diagram of the code, R, = k/n is the rate of
the convolutional code, and E,/N, is given for the transmission rate. Since erfc(x) converges to zero quite quickly for
increasing x only very few terms of the sum should be taken into account. Values for d; and w(d) can be found in

table G.1 regarding convolutional codes used in DVB satellite transmissions. The performance of convolutional codes
for low E/Ng values can only be evaluated by simulations.
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Table G.1: Free distance and weights w(d) for DVB convolutional codes

Code Rate 1/2 2/3 3/4 5/6 718
Rc

free distance df 10 6 5 4 3
w(df) 36 3 42 92 9
w(df+1) 0 70 201 528 500
w(df+2) 211 285 1492 8 694 7 437
w(df+3) 0 1276 10 469 79 453 105 707
w(df+4) 1404 6 160 62 935 791 795 1402 089
w(df+5) 0 27 128 379 546 7 369 828 17 888 043
w(df+6) 11 633 117 019 2 252 394 67 809 347 221 889 258
w(df+7) 0 498 835 13 064 540 609 896 348 2 699 950 506
w(df+8) 2103 480 75 080 308 5416 272 113 32 328 278 848
w(df+9) 8781268 | 427 474 864 47 544 404 956 382 413 392 069

G.13 Error probability after RS decoding

A Reed-Solomon (RS) code is specified by the number of transmitted symbols (note) in ablock N and the number of
information symbolsK (see "Error Control Coding Handbook" [i.41]).

Such a code will be able to correct up to t = (N-K)/2 symbol errors. Asfor DVB transmission N = 204 and K = 188 are
used. Therefore up to t = 8 erroneous symbols can be corrected.

NOTE: Whereas the symbols mentioned in context with QAM and QPSK are related to the modulation the

symbols mentioned here are just a group of bits.

The probability Py o Of an undetected error for ablock of N symbols as a function of the error probability of the
incoming symbols Pgy is given by:

N
N . .
PeLock = Z( i préN x (1= Pan N
i=t+l (G.20)
From this expression the probability:
1 < N
_ Noi
Ps =WX_Zﬂi x( i Jx PLNn X (1— Pgy )N
i=t+1 (G_21)

of asymbol error can be derived, where f3; is the average number of symbol errors remaining in the received block
given that the channel caused i symbol errors. Of course §; = 0 for i <t. Wheni > t, B; can be bounded by considering

that if more than "t" errors occur, a decoder which can correct a maximum of "t" errorswill at best correct "t" of the
errors and at worst add "t" errors. So:

i—t<f <i+t (G22)

isthe possible range for 4. A good approximationis 4 =i but also £ = t +i is used, which can be regarded as an upper
limit. From G.21 the BEP can be calculated by using G.15 or G.16.
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G.14 BEP vs. C/N for DVB cable transmission

For DVB transmission in cable networks, QAM-M systems with M = 16, 32 and 64 are specified. To evaluate the BEP
after RS decoding, the following steps should be done;

a) caculate the SEP after QAM demodulation by using (G.12) or (G.14);

b) transform the SEP into a BEP by applying (G.15) or (G.16) to the SEP with p = m;
c) transform theresulting BEP into a SEP with p = 8 by using (G.15) or (G.16);

d) use(G.21) to calculate the SEP PS after RS decoding;

e) apply (G.15) or (G.16) to Pgwith p = 8 to determine the final BEP;

f)  if the BEP should be based on the information rate, shift the curve by:
- 10 x log,(204/188) = 0,35 dB to theright.

If just the BEP before Reed-Solomon is needed, only the first two steps are necessary. In this case there is no difference
between information rate and transmission rate. All bits are regarded as information bits.

The limits before and after Reed-Solomon decoding for M = 64, A = i and E,,, based on the transmission rate, are
presented in figure G.1.

64-QAM Demodulation and Reed Solomon Decoding
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Figure G.1: BER for QAM-64 DVB cable transmission

G.15 BER vs. C/N for DVB satellite transmission

For satellite transmission three different BEPs are possible;
- BEP after QPSK demodulation;
- BEP after Viterbi decoding;
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- BEP after Reed-Solomon decoding.

The BEP after QPSK can be derived from equation (G.17). There is no difference to be made between information bit
rate and transmission bit rate.

The BEP after Viterbi decoding is expressed by equation (G.18). The result is based on the information rate, because
RC istaken explicitly into account in equation (G.18).

BEP after Reed-Solomon decoding can be derived from the above result by applying the following steps to the outcome
of equation (G.18):

a) transform the BEP after Viterbi decoding into a SEP by using equation (G.15) or (G.16) withp = 8;
b)  useequation (G.17) to determine the SEP after Reed-Solomon decoding;

c) apply equation (G.15) or (G.16) to Pgwith p = 8 to determine the final BEP,
d) if the BEP should be based on the information rate, shift the curve by:

10 x logy(204/188) = 0,35 dB to theright.

The results for the three different BEPs and for all the different code rates R, are presented in figure G.2.

QPSK Demodulation, Viterbi and Reed Solomon Decoding
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Figure G.2: BER for DVB satellite transmission

Since it is common practice in satellite transmission to refer the results to the information rates the curves for BEP after
Reed-Solomon decoding have been shifted accordingly. The equation (G.19) is only valid for low error rates. Despite
the fact that for decreasing E, /N, the BER should converge to 1/2 the results according to (G.19) will possess a

singularity for E/Ngy = 0. This behaviour is especially pronounced for R = 7/8, where the assumption of alow error
rate is not fulfilled above a BEP of 104.
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G.16 Adding noise to a noisy signal

In apractical situation where noise is deliberately added to real signal in order to create a specific C/N ratio for
measurement purposes, it isimportant to realize that there are two fundamental assumptionsimplicit in this technique.

The first assumption is that the input signal has a high C/N ratio and can, for practical purposes, be regarded as carrier
only. The second assumption is that the input signal has a considerably better C/N ratio than the target C/N ratio. In
practice noise may be added to an already noisy signal, and in this case there are accuracy issues related to the above
assumptions that should be considered.

First consider how noiseistypically added to asignal. Figure G.3 gives asimplified block diagram.

RF input -@ » RF output
K._. Power

. \ . Meter
Noise Noise Variable |
Source > Filters —P Attenuator '

.. Controlloop

Figure G.3: Simplified block diagram of C/N test set

The input isthe carrier signal to be impaired. The carrier power is measured using the power metre. A broadband
Gaussian noise source is then filtered and attenuated appropriately to deliver the required noise density (Ng) acrossthe

frequency band of interest. The same power metre is used to set the noise power which helps ensure good C/N, ratio
accuracy, The generated noise is added to the input signal to achieve the required C/N, ratio in the output signal.

Finally, the carrier power is monitored and the power of the noise source is adjusted accordingly to maintain the
required C/No,.

In automated versions of this process, the user simply selects the desired C/N ratio. This can be entered as C/N, buit it

ismoretypically entered as C/N which requires that the user also enters the receiver or system noise bandwidth, or it
can be input as Ep/N which requires that the user also enters the system bit rate.

From this description it is evident that it is assumed that all the measured input power is carrier and the noise power to
achieve the required C/N ratio is computed accordingly. If the input already contains some noise or other carriers then
thiswill:

a) appear at the output in addition to the generated noise;

b) cause the generated noise power to be too large because it is based on the C + N power at the input, not just the
C power. Thiserror is exacerbated if the input is not band limited.

A formula can be derived for the actual output C/N ratio as a sum of the theoretical C/N ratio and an error term:

C
CN =10xlogg| — |-10xlog | —>——
actual 910{ NJ 910{ N; +NC+NJ
theoretical errorterm
C/Nratio dB (G.23)

Where N.. is the noise power added due to the carrier power, N; is the noise power already present in the input, N, is the

noise power added due to the input noise. If further manipulation of the error term are performed then an expression can
be derived in terms of the fractional input and output C/N ratios.
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1
CNerror =10x| 0010 C dB (G24)
1, CNow g
CNin, CNj,

The error becomes significant if either the 1/CN;, or the CN ,/CN;, term in the denominator moves away from zero
which will happen if either the C/N;, ratio or the C/N, ; to C/N;, margin is reduced.

The present document gives a minimum value of 15 dB for the C/N;,, ratio and for the C/N; to C/N;, margin asa

guideline figure. To meet this condition in satellite systemsit is necessary to use a sufficiently large dish to get the
required C/N ratio. A received C/N ratio of 20 dB or moreis desirable.

Alternatively, it is possible to work with higher noise signalsif it is possible to measure the carrier and noise power
accurately, for example by measuring carrier plus noise then switching off the carrier and measuring noise only.
Equation G.23 can then be used to compensate for the errors due to the input noise.
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Annex H:
Void
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Annex I:
PCR related measurements

Void.
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Annex J:
Bitrate related measurements

J.1 Introduction

J.1.1  Purpose of bitrate measurement

This annex isintended to clarify a bitrate measurement technique which will allow different vendors of equipment to
display the same hitrate value on their equipment when they analyse the same transport stream.

The measurement technique in the present document should be applicable to the whole transport stream as well asits
individual components. This should allow displays of transport stream information such as the traditional "bouncing
bars" statistical multiplex display to be shown consistently on different equipment. This display isintended to
dynamically show the different allocation of bitrate between different services. The intention is that the measurement
should be stand-alone and non-intrusive.

The measurement technigque should also be easy to implement so that cost-effective designs can be introduced to large
MPTS systems. It should also be scalable so that as extra precision is required, a more expensive device can be built
using the same principles.

The technique is a so appropriate for non Transport Stream system, but the use in such systemsis outside the scope of
the present document.

J.1.2 User Rate versus Multiplex Rate

MPEG-2 transport streams are comprised of many different elements including but not limited to multiple compressed
video and audio streams, tel etext, table data, conditional access streams, |P data, and other private data. Each of these
individual elements and the overall transport stream have data rates associated with them. The data rates can be time
varying for the individual elements and the overall stream.

It is of importance to define the measurement of these rates and have a common definition for these measurements.
Before the measurements can be defined, the multiplexing of all the elementsinto a transport stream needs to be
understood with regards to rate calculations.

Figure J.1 depicts a general representation of the multiplexing process.
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Figure J.1: General representation of the multiplexing process

This diagram represents a number of different elements being multiplexed into a single transport stream. Before all the
streams are multiplexed together they can be considered to have User rates which are established by the user (e.g.

4 Mbitg/sfor Video 1). It can be modelled that each element has a User data rate entering the buffer and a Multiplex
rate leaving the buffer since the data is extracted directly from the buffer and placed as a complete packet in the
transport stream. Over the long term average, the User and Multiplex rates should be the same, but the creation of the
transport stream through the multiplex process can either increase or decrease the User rate in the actual transport
stream over a specific Time Gate. For example, the video might have a 4,1 Mbits of data over a one-second Time Gate
in the transport stream, but in the next one second interval it could have 3,9 Mbits. But with respect to the PTS/DTS
values in the stream, the video rate as set by the user could still be 4,0 Mbits/s.

The Multiplex rates will also depend upon what is actually being multiplexed together, and the measurement of the
multiplex rate in the output stream will vary if different elements are combined. If only one video is being transmitted at
one time and another video is being transmitted at another time, the output Multiplex rate will be different at those two
times even if the User rate has not changed.

The User rate for video also needs to be better understood since a single number is often given for thisrate (e.g.

4 Mbitg/s). This number typically means the total number of bitsin a GOP multiplied by the number of GOPs per
second. The actual rate of video varies with each frame. An | frame typically receives a much higher percentage of the
bits compared to the B and P frames. What generally happensisthat even though the | frame has significantly more
datathan a B frame, it will take longer to transmit this frame and the Multiplex rate can approach the User rate. This
definition of User rate for video applies to both the CBR and VBR approaches. In the CBR case, the user provides one
value for therate, while in the VBR case the user provides a minimum and maximum and typically lets compression
equipment vary the rate between these parameters in order to maximize video quality based on some constraints. The
rate as calculated by the compression equipment is still considered a User rate since it is before the video datais
multiplexed into the transport stream.

Since the rates of the elements are less than or equal to the rate of the output transport stream, the positioning of these
elementsin the output stream is important to consider in calculating the User rate. For example, an element that
generates 10 packets per second may have these packets placed at the beginning of the second, in the middle, dispersed
throughout, etc. Buffer modelsin general restrict the packet placement but as an extreme example, it could be assumed
that the packets are placed at the beginning of a second and the transport rate is 1,5040 Mbits/s. If the Time Gate of a
rate measurement of this element is 0,1 s and this Time Gate started with the transmission of these packets, the first rate
measurement would be 0,1504 Mbitg/s. If the next measurement also uses 0,1 s of duration and starts just after the
packet is transmitted, the rate would be 0,0 Mbits/s. Neither of these numbers matches the expected User rate of
0,01504 Mbitg/s.
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A real world example for a 256 kbit/s audio stream can easily indicate differences of 2 % in the User rate versus the
Multiplex rate. This audio stream has approximately 200 packets per second with each audio frame contai ning about
5 packets. In a measurement interval of one second that beginsin the second half of an audio frame, al 5 of the first
packets can be transmitted in the second half of an audio frame, and al 5 of the last five packets can be transmitted in
the first half of the last audio frame. These resultsin a Multiplex rate of 205 packets per second that is 2,5 % higher
than the User rate of 200 packets per second. This error difference can increase with smaller measurement intervals
since for a 100 msinterval the number of packets for the User rate would be 20 while the Multiplex rate could be 25
resulting in a 25 % difference.

J.1.3 User rate applications

The rate measurements for transport streams are computed for a variety of purposes. These include but are not limited
to:

- V erification/conformance/troubleshooting - the overall transport stream rate or rates of individual elements are
expected to be certain values as set by a user or compression/multiplex system. The user needs to validate that
the rates in the stream meet the "expected” rates. This validation can be done over time or just once and can
include statistics (e.g. minimum and maximum) as well as history of any rate calculation values. The
validation would include al elements including video, audio, conditional access data, PSI/SI tables, etc.

- Video and audio quality - there is a strong correlation between video and audio quality and the rate at which
these items are transmitted in the transport stream. There is especially a need to monitor the rate of the video
since thisrate often varies over time and if an video quality issue is determined by visua inspection, there
would be a need to determine the rate of the video at that time. A service provider may also guarantee a
minimum bit rate for video and audio for a particular program and with a contract, this provider will need to
prove that those rates have been met.

- Sale of bandwidth - there is a need to monitor the rate of individual elementsin a stream over alonger period
50 that a service provider can charge a user for the bandwidth that has been used in one hour or one day or one
week, etc.

- Monitoring - there is a need to generate an alarm if the rate of a particular element or the whole stream goes
outside some user-specified minimum and maximum range. This error could mean that an element is no longer
being included in the transport stream due to a multiplexer malfunction. The accuracy of these rate
measurements is not critical to the overall application.

J.2 Principles of Bit rate measurement

J.2.0 General

Thisisadifficult subject as a measured bitrate depends on the time over which the bitrate is averaged. Bit rate is usually
expressed in terms of bits per second, but the actual value that is measured will depend on the way the bits are counted.

A bitrate measurement will depend on where in the system the bitrate is measured. For example, in a system, slightly
different bitrates may be seen depending on whether the bitrate is measured before or after alarge buffer.

J.2.1 Gate or Window function

On the assumption that Transport Stream packet based systems are being dealt with in the DV B world, there are 3 main
choices when counting bytes:

- packet based - count only the synchronization bytes;
- byte based - count every byte when it arrives,

- bit based - count every bit asit arrives.
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There are also 2 options for applying the window function:
- "continuously” rolling window;
- ajumping window (the end of each window isthe start of the next window).

A jumping window is very undesirable as the bitrate measured will vary depending on when the window isfirst applied.
Thisrulesit out very early. A rolling window is therefore more desirable, but some caution is needed in the use of the
term "continuous”.

The most precise bitrates would be given with a bit based counting scheme. Here, each time a new hit is received, or
sent, the total number of bitsin the last time window (e.g. 1 s) could be counted and a value displayed. This would
aways give the most accurate value, but there are a number of serious technical difficulties in implementing this,
particularly in offline and semi-offline systems. These difficulties include processing bandwidth and timing accuracy. A
byte based system al so requires large bandwidth, but both bit and byte based may be required in some special
circumstances. Although the present document does not to define byte or bit based profiles, they can easily be added by
counting the bytes or bits and adjusting the nomenclature appropriately.

A packet based approach may be favourable in situations where cheap implementations with reasonable accuracy are
required. It islikely that most DVB Tx and Rx systems would have the capability of deriving some timing information
on a packet basis.

J.2.2 "Continuous window"

If al transport streams were of a constant bitrate, not bursty, continuously clocked and could be easily analysed as a
signal with fixed and uniform temporal sampling, then bitrate measurement would be easy.

Inreal systems (bursty ASI, Transport streams over 1P, 1394b hubs, cascaded networks, etc.) the bytes and packets do
not necessarily arrive on a uniform sampling grid and pragmatic measures need to be taken in defining the window
function. To simplify implementation, systems have been considered where the window function is moved across the
datain different ways: by byte, by packet, by fixed time interval.

There are several pointsto note about the algorithm in the present document:
1) Strictly speaking, this measure is not continuous.
2) Itisadiscrete measure whose bitrate values are only valid on time slice boundaries.
3) Itiseasy toimplement and givesanew TS bitrate value every 7(11,1 usto1s).
4) Itisapplicableto partial transport streams where only a subset of PIDs are being inspected.
5) It can be extended to measure the bitrate of the payload of TS packets.

6) It isrepeatable between equipment vendors because the time dice can be made sufficiently small to ensure
aiasing isnot aproblem e.g. whent=1/90 kHz

J.2.3 Time Gate values:

20ms: gives the peak bitrate of a stream based on variable bitrate elements within it.
ls gives alonger term "smooth" average.
user: could be used for elements such as subtitles which may only be present from time to time and may

require windows of 1 minute or more.

J.2.4 Rate measurements in a transport stream

Only the Multiplex rates are available to be measured in the transport stream and not the original User rates. In general,
it isthe User rates that are of interest as outputs of a measurement device with some exception regarding issues of
burstiness and buffer models.
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Depending on the customer application, the parameters that should be used in the MG bitrate equation in clause 5.3.3.
will be different if the user wants to measure User rates or Multiplex rates as finding the best accuracy for the User rates
is different than finding the best accuracy for the Multiplex rates. The parameters aso need to take into account tracking
the changes in the rate versus time. The parameters should in general be different for elements that differ either in type
or inrate in order to maintain accuracy.

Here are some general considerations for the parameters:
- For elements that have CBR, increasing T will push the measured Multiplex rate towards the User rate.

- For reasonable accuracy of the User rate, T should be large enough to include multiple elements of what is
being measured. For example, if the rate of a SDT is being measured, it should include at least 10 different
arrivals of the SDT.

Decreasing t will cause the Multiplex rate to be more accurately tracked but will not increase the accuracy of
calculating User rates for CBR streams. For VBR streams, a smaller t to within some limits will allow the changes to be
better averaged over time.

J.3 Use of the MG profiles

J.3.0 General

The profilesin clause 5.3.3.2 have been designed to have the properties described below.

J.3.1 MGBLI1 Profile - the backwards compatible profile

Thisis abackwards compatible profile where a 1 second jumping window is used to measure bitrate. In arigidly CBR
system, thiswill give a good indication of the bitrate, but will give aliasing and inaccuracy if the bitrate being measured
is changing faster than every 1s. This makes it impractical for looking at VBR systems, or for looking at the bitrates of
VBR components (e.g. stat-mux video) in a CBR transport stream.

This profile isincluded for backwards compatibility with existing equipment.

J.3.2 MGB2 Profile - the Basic bitrate profile

This profile is recommended for new designs. It isintended to give a good idea of the average bitrate of a system, yet
have enough resolution (due to asmall T value) to show whether the bitrateis truly static or is varying with time. The
values have been chosen to allow simple implementation.

J.3.3 MGBS3 Profile - the precise Peak bitrate profile

This profile has atime gate which is small enough to show the variable bitrate characteristics of a statistical multiplex
environment. The timeSliceis small enough to ensure that only a single packet header will occur in each timeSlice for
most distribution systems. The time gate is short enough so that frame by frame averaging does not take place. The
timebase chosen can be locked to, or derived from the PCR in a decoder or encoder environment for ease of
implementation.

J.3.4 MGB4 Profile - the precise profile

This profile isintended to give a"true" smoothed bitrate. The timeSliceis small enough to ensure that only asingle
packet header will occur in each timeSlice for most distribution systems. The time gate isalittle over 1 second to give a
long time constant averaging to the data. The timebase chosen can be locked to, or derived from the PCR in a decoder
or encoder environment for ease of implementation.
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J.3.5 MGBS5 Profile - the user profile

This profileisintended to give extensibility to the bitrate measurement algorithm. It allows different time gates and
timeSlice values to be defined. These can be applied to the whole transport stream, or to individual components of the
stream. It isimportant when using this profile that the results are carefully documented using the nomenclature in these
guidelines. Thiswill ensure that results can be repeated at alater date.

J.4 Error values in the measurements

J.4.0

It is worth noting the areas where errors can be introduced into the measurement:

General

e  clock instability in the time gate and time slice functions;

. quantization due to counting elements which are too big e.g. too many or too few packet headers may fall
within the time gate;

. aliasing due to having atimeSlice or atime Gate which is too large for the parameter being measured.

In real systems, the errors due to clock instability and quantization tend to be rather small. The biggest problemis
inappropriate use of timeSlice and time gate values. This can be best demonstrated by an example.

Imagine aDVB-S statistical multiplex system (38.1 Mbit/s) where a particular video PID has a bitrate limit of
3 -5 Mbit/s and the hypothetical video encoder is able to change its bitrate every 80ms. Bit rate is measured by counting
packet headers of a certain PID. The average video rate is 4 Mbit/s.

If the MGB4 profile is used,
DVB-S = 38,1 Mhit/s

packet duration=40 us  packetsper t = 0,25

The clock frequency error uncertainty may be as high as 500 ppm. This would lead to an error in the duration of the
time gate of 500 ppm (0,05 %). This could increase the 1 second window by 500 us which at 5 Mbit/s could alow an
extra 2 packets into the gate. This would give an error of:

=2 x 188 x 8 bitg/s
=0,06 % of 5 Mbit/s

The uncertainty due to quantization is equal to the element size which is counted which is 1 packet per time gatein this
case:

=188 x 8 hit/s = 1 504 bit/s
=0,03 % of 5 Mbit/s

It can be seen that these values are all quite small. In case of the dlightly contrived example of a sequence which
requires the bitrate shown below:

Difficult Easy Difficult Easy Difficult Easy
5 Mbit/s 3 Mbit/s 5 Mbit/s 3 Mbit/s 5 Mbit/s 3 Mbit/s
<ls> <ls-> <ls-> <ls-> <ls-> <ls->

. The MGB4 profile will show a smoothed version of the above bitrate with peak values of 5 Mbit/sand 3
Mbit/s.

e  TheMGBS3 profile will show much sharper edges to the bitrate changes and will report the peak values of
5 Mbit/sand 3 Mbit/s.
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e  TheMGBL1 profile, however will show different values depending on the moment when the 1 second window
jumpsto its next starting point. If it is synchronized with the start of the 1 second sequences, then it will report
the correct values of 5 Mbit/s and 3 Mbit/s. If, however it starts its measurements 50 % of the way through a 1
second sequence, it will report that the bitrate is constant at 4 Mbit/s. Thisisan error of 33 % at 3 Mbit/sor

20 % at 5 Mbit/s.

Real errors are less than in this contrived example, but this source of error isthe most significant in real systems. Note
that in some monitoring applications errors of afew percent may be tolerable, whereas in other applications a precision

of 1ppm or better may be required.

J.4.1 Very Precise measurements

In very accurate measurements, it may be necessary to count individual bytes, or individual bits to obtain the required
precision. The same a gorithm, nomenclature and synchronization as described in clause 5.3.3 may still be used and the

results will be repeatable.
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Annex K:
DVB-T channel characteristics

K.O Introduction

This annex provides some information on terrestrial channel profiles which can be used for off-line computer
simulations and realtime simul ations based on dedicated equipment. The properties of these profiles reflect realistic
reception conditions and/or worst-case scenarios and were used to verify specific features of the DVB-T standard.

K.1  Theoretical channel profiles for simulations without
Doppler shift
(quoted from ETSI EN 300 744 [i.9])

The performance of the DVB-T system has been simulated during the devel opment of the standard ETS
EN 300 744 [i.9] with two channel models for fixed reception - F; and portable reception - Py, respectively.

The channel models have been generated from the following equations where x(t) and y(t) are input and output signals
respectively:

a)  Fixed reception Fy:

N
po 30+ 6127 i)
y(©) = =

where:
- the first term before the sum represents the line of sight ray;
- N isthe number of echoes equalsto 20;

- 0, is the phase shift from scattering of the i'th path - listed in table K.1,
- p; isthe attenuation of the i'th path - listed in table K.1,
- T; isthe relative delay of thei'th path - listed in table K. 1.

The Ricean factor K (the ratio of the power of the direct path (the line of sight ray) to the reflected paths) is given as:.

2
f
K_ 0

S

i=1

In the ssmulations a Ricean factor K = 10 dB has been used. In this case:

N
po=1 10'Zpi2
i=1
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b)  Portable reception, Rayleigh fading (P;):

169

N
y(t) = k-z pi e 120yt - 7,) where K=——=—=

i=1

0;, p; and 7; are given in table K. 1.
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Table K.1: Attenuation, phase and delay values for F; and P,

i p; T; [us] 6, [rad]

1 0,057 662 1,003 019 4,855 121
2 0,176 809 5,422 091 3,419 109
3 0,407 163 0,518 650 5,864 470
4 0,303 585 2,751 772 2,215894
5 0,258 782 0,602 895 3,758 058
6 0,061 831 1,016 585 5,430 202
7 0,150 340 0,143 556 3,952 093
8 0,051 534 0,153 832 1,093 586
9 0,185 074 3,324 866 5,775 198
10 0,400 967 1,935 570 0,154 459
11 0,295 723 0,429 948 5,928 383
12 0,350 825 3,228 872 3,053 023
13 0,262 909 0,848 831 0,628 578
14 0,225 894 0,073 883 2,128 544
15 0,170 996 0,203 952 1,099 463
16 0,149 723 0,194 207 3,462 951
17 0,240 140 0,924 450 3,664 773
18 0,116 587 1,381 320 2,833 799
19 0,221 155 0,640 512 3,334 290
20 0,259 730 1,368 671 0,393 889

NOTE:  Figures in italics are approximate values.
NOTE: For practical implementations profiles with reduced complexity have been used successfully. In many
cases it seems sufficient to use e. g. only the six paths with the highest amplitude.
K.2  Profiles for realtime simulations without Doppler shift

The following profiles were used in laboratory tests in a research project with satisfactory results.

NOTE: AC106 Validate (1995-1998).
Table K.2: Echo Profiles
Path fixed Portable dense SFN
delay [us] C/I [dB] delay [us] C/I [dB] delay [us] C/I [dB]
#1 (main) 00 - - 00
#2 05 17,8 0,5 7,8 78 93
#3 1,95 17,9 195 7,9 116 5,5
#4 3,25 19,1 3,25 9,1 17,5 16,1
#5 2,75 20,4 2,75 10,4 20,0 145
#6 0,45 20,6 0,45 10,6 23,4 23,4
#7 - - 0,85 11,6 - -
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K.3  Profiles for realtime simulation with Doppler shift
(mobile channel simulation)

In the course of aresearch project (see note), three channel profiles were selected to reproduce the DVB-T service
delivery situation in a mobile environment. Two of them reproduce the characteristics of the terrestrial channel
propagation with a single transmitter, the third one reproduces the situation coming from an SFN operation of the
DVB-T network.

NOTE: AC318 Motivate (1998-2000).
The following tables describe the composition of the chosen profiles.

e  Typical Urban reception (TU6)
This profile reproduces the terrestrial propagation in an urban area. It was originally defined by
COST 207 [i.44] asa Typica Urban (TU6) profile and is made of 6 paths having wide dispersion in delay and
relatively strong power. This channel profile has also been used for GSM and DAB tests.

Table K.3: Echo profile for Typical Urban reception (TU6)

Tap number Delay (us) Power (dB) Doppler spectrum
1 0,0 -3 Rayleigh
2 0,2 0 Rayleigh
3 0,5 -2 Rayleigh
4 1,6 -6 Rayleigh
5 2,3 -8 Rayleigh
6 5,0 -10 Rayleigh

e  Typical Rura Areareception (RA6)
This profile reproduces the terrestrial propagation in an rural area. It has been defined by COST 207 [i.44] asa
Typical Rural Area (RAGB) profile and is made of 6 paths having relatively short delay and small power. This
channel profile has been used for GSM and DAB tests.

Table K.4: Echo profile for Typical Rural Area reception (RA6)

Tap number Delay (us) Power (dB) Doppler spectrum
1 0,0 0 Rice
2 0,1 -4 Rayleigh
3 0,2 -8 Rayleigh
4 0,3 -12 Rayleigh
5 0,4 -16 Rayleigh
6 0,5 -20 Rayleigh

e  0dB Echo profile
This profile has been defined by Motivate partners. Its composition has been largely influenced by the specific
nature of the DVB-T signal, especially its spread spectrum technique (introducing an Inter Carrier Interference
sensitivity to Doppler spread) and its use of a Guard Interval (introducing an Inter Symbol sensitivity to the
echoes delays). Moreover, its definition has been driven by the analysis of the profiles encountered during the
various field trials performed during the Motivate project.
This profile is made of two rays having the same power, delayed by half the Guard Interval value and
presenting a pure Doppler characteristic.

Table K.5: Profile for 0 dB echo reception

Tap number Delay (us) Power (dB) Doppler spectrum Frequency ratio
1 0 0 Pure Doppler -1
2 1/2 Tg 0 Pure Doppler +1
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Annex L:
The measurement of MER under ACE

When ACE method means Active Constellation Extension, it uses outer point constellation points of the useful carriers
to reduce the Peak to Average value of the DVB-T2 signals. It is an option of the DVB-T2 standard and it is used for
exampleinthe L1 signalling parameters since ETSI EN 302 755 (V1.3.1) [i.27].

When ACE is applied on a COFDM signal, the professional receiver isnot capable of referring to the theoretical
reference point in order to measure the modulation error distance asin the formula.

The problemisto find a solution that allows MER measurement on carriers when Active Constellation Extension is
used on aDVB-T2 signd:

1) Enable Active constellation point.

2) Disable ACE on some carriers based on a circular mask pattern. The number of useful carriersislessthan 1%
in order not to impact the Peak to Average Ratio of the final signal.

3) Thismethod isatest mode located in the modulation part implementing ACE algorithm. The receiver can
recover the MER based on the mask pattern definition.

The ACE method is defined in clause 9.6.1 of ETS|I EN 302 755 [i.27].
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Figure L.1: Implementation of the ACE method (extracted from ETSI EN 302 755 [i.27])

Inthefigure L.1, "extendable" signification is modified from the DVB-T2 specification ETSI EN 302 755 [i.27]
clause 9.6.1, in order to add acircular mask pattern exclusion.

Standard definition of "extendable":

A component is defined as extendable if it isan active cell (i.e. an OFDM cell carrying a constellation point for
L1 signalling or aPLP), and if its absolute amplitude is greater than or equal to the maximal component value
associated to the modulation constellation used for that cell; a component is also defined as extendable if it isa
dummy cell, a bias balancing cell or an unmodulated cell in the Frame Closing Symbol.
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For the test mode, the text is adjusted:

A component is defined as extendable if it isan active cell (i.e. an OFDM cell carrying a constellation point for
L1 signalling or aPLP), and if its absolute amplitude is greater than or equal to the maximal component value
associated to the modulation constellation used for that cell; a component is also defined as extendable if it isa
dummy cell, a bias balancing cell or an unmodulated cell in the Frame Closing Symbol. In test mode, active
cells corresponding to the mask pattern index position list are not extended.

The circular mask pattern is changed for each new T2 frame symbol in order to measure MER for all the carriers.

The mask pattern M[] for ACE is defined as follows:

| dx=Frane | dx nod 100;

i =0;

Wi | e (i dx<Cuseful)

{

| dx=nod( | dx+di v(Cuseful /100), Cuseful)
Mi]=idx;

i ++;

}

For agiven frame index, where Idx provides the carrier position and M[] is the mask pattern containing index position
is ascendant form defined for a Frame number Frameldx.

Where Cuseful
Cuseful = Cdatafor data symbols

Cuseful= CP2 for P2 symbols

Cuseful = CFC for Frame closing symbols
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