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Osnove BER i MER il
CISCO

 BER je jedna od najvaznijih mera koja se koristi
U prenosu podataka

« Savremeni digitalni sistemi za prenos podataka
koriste QAM (quadrature amplitude modulation)
| koriste BER kao skracenicu za meru ispravno
prenetih digitalnih podataka

» Dbit error rate
» bit error ratio (tehnicCki ispravnije)
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Pre BER: 3.00E-05, 3 pogresno primljena bita od 10° poslatih
Post BER: 2.00E-05, 2 pogresno primljena bita od 10° poslatih
PRE 5.6E-5, 56 pogresno primljena bita od 10° poslatih
POST I.4E-7, 14 pogresno primljena bita od 108 poslatih

Pre BER: 3.00E-05, 3000 pogresno primljena bita od 108 poslatih
Post BER: 2.00E-05, 2000 pogresno primljena bita od 108 poslatih
PRE 5.6E-5, 56 pogresno primljena bita od 108 poslatih
POST |.4E-7, 14 pogresno primljena bita od 108 poslatih
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: Recelved at the
CMTS: 010001

Poslato 010101 — primljeno 010001 1

Errored bit

BER je procena verovatnoca broja pogresno prenetih bita od
predajnika do prijemnika.

Primer, Cetvrti bit koji je poslat je bio 1, a primljen je bit O.
Uporeduje se broj pogresno primljenih bita u odnosu na ukupan
broj poslatih bita.



broj pogresnih bita

BER = ukupan broj bita

izbrojane greske u odredenom periodu
BER =

brzina prenosa x ukupan period merenja

BER je koliCnik pogresnih bita i ukupnog broja bita koji su
poslati, primljeni ili obradeni u nekom vremenskom periodu

BER = (number of errored bits) /

(total number of bits) I
BER = (error count in measurement period) / CISCO

(bit rate x measurement period )
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Primer clISCO

* Neka je emitovano 10° bita
neka je detektovano na prijemu da su 3 bita drugacija od
10°% poslatih bita; to su pogresno primljeni biti
razlog moze da bude neka smetnja koja postoji izmedu
predajnika i prijemnika

 BER se u ovom primeru raCuna kao koli¢nik broja
pogresno primljenih bita i ukupnog broja bita koji je
poslat

« BER =3/10°=0.000003

« UobiCajeno je da se merenje BERa zapisuje
u slede¢em formatu 0.000003 = 3 x 10°

« 3% 10°se zapisuje i kao 3x10"-6 ili 3.0E-06

TM 2018



FEC Forward Error Correction

« FEC (forward error correction) ili
channel coding je tehnika koja se koristi za kontrolu
gresaka u prenosu podataka preko kanala koji ima
smetnje

« Sustina je u tome da se na strani predaje koduju digitalni
podaci central tako da imaju redundansu koriscenjem
ECC ( error-correcting code)

 Redundansa omogucava prijemniku da detektuje
konacCan broj gresaka a Cesto | da ispravi greske bez
potrebe za ponovnim slanjem sa predajnika

* Broj poslatih bita je veci od podataka, da bi se omogucio FEC

Retransmisija u nekim sistemima nije moguca, na primer
zbog velikog kasnjenja (nakon detekcije da postoji greska,
Salje se zahtev za retransmisiju) 8



PRE-FEC, POST-FEC, NO-FEC

 PRE-FEC BER su bitske greske prouzrokovane
slabljenjem, starenjem, temperaturnim promenama
prenosnog kanala

« Ako je signal FEC kodovan, greske posle dekodovanja

se nazivaju POST-FEC BER

Line rate Channel Line rate R, Client rate
Client rate FEC RC (ﬂber and prD—FEC BER FEC []OHT.—FEC BER
»  encoder optical »  decoder E
receiver)
f S f
CDB | CDB cbB |P| cDB |P CD} P EPB = CDB | CDB

Client data blocks

Code words (CDBs + parity)

Errored codewords

T™ 2018

Corrected client data
blocks (if correctable)



PRE-FEC, POST-FEC, NO-FEC

 PRE-FEC BER su bitske greske prouzrokovane
slabljenjem, starenjem, temperaturnim promenama
prenosnog kanala

 PRE-FEC pokazuje da je signal u kanalu FEC kodovan

 FEC decoder Ce ispraviti originalni signala, s tim da u
zavisnosti od PRE-FEC BER moze uspesno da obnovi
originalni signal bez gresaka

* Ako je BER suvise veliki, obnovljeni signal ¢e sadrzati
greske

« Ako je signal FEC kodovan, greske posle dekodovanja
se nazivaju POST-FEC BER

 NO-FEC BER su detektovane bitske greSke kada se ne
koristi FEC kodovanja

M ZUlo



Primer

Client rate

il
CISCO

Neka su 3 bita pogresSno primljena od emitovanih 10° bita
Prijemni FEC moze da ispravi 2 od 3 pogresna bita

pre-FEC BER ima BER 3.0E-06
post-FEC BER ima 1.0E-06, zato sto ostaje 1 pogresan bit

nakon Sto je FEC ispravio 2 pogreSna bita

3 X 10° se zapisuje i kao 3x107-6 ili 3.0E-06

>

CDB

CDB

Client data blocks

Line rate Channel Line rate R, Client rate
FEC R (ﬂber and PFE—FEC BER} FEC []OHT.—FEC BEF:
encoder optical decoder
receiver)
/ f S
CDB |P| CDB |P CDP E B |P CDB | CDB

Code words (CDBs + parity)

Errored codewords

Corrected client data
blocks (if correctable)



CUANIRNALYCER ) SES THR: 1.0E-02

ATT: 10 08 256 QAM

CFs: 722.000 MHz Real Synbol: $.260 MNS/s CENTER

. FREQUENCY
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Kod QAM analyzer, pre-FEC BER se procenjuje posle Trellis
dekodera, descrambler (derandomizer), | deinterleaver, ali pre
Reed Solomon (RS) dekodera

Post-FEC BER je posle RS dekodera

Pre-FEC BER daje procenu BER pre nego sto FEC pokusa da
Ispravi pogresne bite

Post-FEC BER daje procenu BER nakon sto FEC ispravi sto je
viSe moguce neispravnih bita



Primer clISCO

Neka su 56 bita pogresno primljena od emitovanih 10° bita
pre-FEC BER ima BER 5.6E-05

post-FEC BER ima 1.4E-07,

5.6E-5=5.6 x 10-5 = 0.000056 = 56/10°

1.4E-7 = 1.4 x 10-7 = 0.00000014 = 14/108

Line rate Channel Line rate R, Client rate
Client rate FEC RC (ﬂber and pre—FEC BER FEC [JOST.—FEC BER
»  encoder 1 optical »  decoder E
receiver)
f S f
CDB | CDB cDB |P| cDB |P CDF P EPB = CDB | CDB
Client data blocks Code words (CDBs + parity) Errored codewords Corrected client data

blocks (if correctable)



Primer, Reed Solomon, t=3 CISCO

Neka su 3 bita pogresno primljena od emitovanih 10° bita
pre-FEC BER ima BER 3.0E-06

post-FEC BER ima 1.0E-06, zato Sto ostaje 1 pogreSan bit nakon Sto je FEC
ispravio 2 pogreSna bita

* Reed Solomon (RS) dekoder moze da ispravi bilo koja 3
pogresna bita, oznacava se t=3

« Svaki RS simbol je grupa od 7 bita
« Kodna reC ima 128 simbola; 122 su podaci, 6 parni simboli

RS dekoder moze da ispravi 21 pogresSan bit u kodnoj reci
u zavisnosti kako su bitske greske grupisane

« Ako postoje 4 pogreSna bita u jednom simbolu, RS
dekoder ne moze da ispravi gresku, jer je t=3,
sva 4 ostaju nekorigovana

14
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_ . : 2
Koliko bita je dovoljno za procenu BER” CISCO

- Sto je viSe bita poslato i izbrojane greske, to je procena
BER tacnija

« Beskonacno bita daje najbolju procenu verovatnoce
greske, ali to praktiCno nije moguce

« Ne ocekuje se da kablovski modem od $40 ima isti BER
kao $3000 QAM analyzer ili lab BER tester od $120000

« Kvalitet prijemnika je vazan i moze da utiCe na BER

« PRAVILO: broj poslatih bita da bude
3 puta reciprocna vrednost ZAHTEVANOG BER

 BER=5.0 E-05, N=10°/5=10 x 10%/5 = 20.000
« BER=2.0 E-07, N=107/2 =10 x 10°/2 = 5.000.000

15
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_ . : 2
Koliko bita je dovoljno za procenu BER” cISCO

« PRAVILO 1: broj poslatih bita da bude
3 puta reciprocna vrednost BER koje je zadato
za 95% nivoa poverenja da bi mreza ili uredaj zadovolje
specifikacije
« BER=5.0 E-05, N=3x 10°/5 =30 x 10%/5 = 60.000
« BER=2.0 E-07, N=3 x 107/2 =30 x 10°/2 = 15.000.000
 PRAVILO 2: broj poslatih bita da bude
4.61 puta reciprocna vrednost BER koje je zadato
za 99% nivoa poverenja da bi mreza ili uredaj zadovolje
specifikacije
« BER=5.0 E-05, N=4.61 x 10°/5 =92.200
« BER=2.0 E-07, N=4.61 x 107 /2 = 23.050.000

kao dobra aproksimacija,; koristi se binomna distribucija i
Poisson-ova teorema, nezavisne bitske greSke (iako nisu)



Trajanje merenja za procenu BER?

PRIMER 1: 256-QAM @ 42.88 Mbps
za 95% nivoa poverenja bez greske

et
CISCO

N= 60.000, vreme = (6x10%)/(42.88x106) = 0,0014 s
N= 15.000.000, vreme = (15x10°)/(42.88 x 10°) = 0,3498 s

PRIMER 2: 64-QAM @ 30.34 Mbps
za 99% nivoa poverenja

N= 92.200, vreme = (92,2x103)/(30.34x10°) = 0,00304 s
N= 23.050.000, vreme = (23,05x106)/(30.34 x106) = 0,76 S

duze trajanje merenja, tacnija procena

Za znacajno manju gresku, vreme nekoliko minuta

T™ 2018
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Kako se izvr$ava procena BERa? e

CISCO
« |zvor podataka (Pattern (Pa"""‘ ol it
Generator) emituje CLOCK DATA ey ]
bitsku sekvencu (Bit Bit Pattem f~ Test |
Pattern) kroz mrezu ili ,_ : J
uredaj koji se testira e I' Bi Patiem
(System Under Test) S

" =

« Detektor gresSke (Error Detector) uporeduje originalnu
sekvencu | detektovanu sekvencu bit-po-bit na izlazu sistema
koji se testira (direktno ili posle korekcije greSaka)

* Umesto prijema originalne sekvence, moze da se koristi
algoritam koji u detektoru greske generise sekvencu
identicnu sa poslatom od izvora podataka

18
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c e gsw ?
Faktori koji uticu na procenu BERa CISCO

« Vrsta podataka koja se Salje moze uticati na BER

« Dugacak niz istih bita (sve 0 ili 1) prave drugaciji BER u
odnosu na merenja sa pseudo-slucajnom bitskom
sekvencom (pseudo-random bit stream, PRBS)

* Ovo nece biti problem pri merenju BERa u DOCSIS digitally
modulated signals.
Modulacija sa slucajnim signalom ili skremblerom nece
napraviti duze sekvence istih bita; na prijemniku se koristi
Ista pseudoslucCajna sekvenca za deskremblovanje signala
da bi se dobila originalna sekvenca

Data Over Cable Service Interface Specification, DOCSIS,
International telecommunications standard for high-bandwidth
data transfer to an existing cable television (CATV) system 19



Izbeci lazni BER CISCO

* Moze se dogoditi da QAM analizator netacno
prikaze postojanje bitskih gresaka
1. Nizak nivo signala moze da uzrokuje gresku unutar
analizatora
2. Nizak nivo signala moze da bude uzrok malog odnosa
kerier-sum sto Ce pokazati bitske greske
* Treba da se proveri da li je ulazni signal u RF
QAM analizator u okviru specifikacija prizvodacCa
testne opreme

20
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Izbeci lazni BER CISCO

* Moze se dogoditi da QAM analizator netacno
prikaze postojanje bitskih gresaka
1. Nizak nivo signala moze da uzrokuje gresku unutar
analizatora
2. Nizak nivo signala moze da bude uzrok malog odnosa
kerier-sum sto Ce pokazati bitske greske
* Treba da se proveri da li je ulazni signal u RF
QAM analizator u okviru specifikacija prizvodacCa
testne opreme

21
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Razlozi za degradaciju BER-a

v
v
v

XN X X X X

I
CISCO

Smetnja susednog kanala
Lazni signali susednih kanala

sweep transmitter interference —
prebrisavanje frekvencijskog opsega

laser clipping — odsecanje

Uticaj preslusanih drugih signala, impulsni Sum
Losi konektori

Nivoi signala izvan specificiranih opsega
Neprilagodene izlazno-ulazne impedanse
Distorzija aktivnih komponenti, visok nivo signala

22
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Mepere BER (Bit Error Ratio)

Y DVB-T n DVB-T2 npeHocy noctoje 3 rnokasarterba rpeLuke
300r nocTojaka YHyTpaLUHEr U CrorballHEr NPcTeHa
3aluTuUTe y NPeHoCy nogaraka:

1. butcka rpewka (BER) npe Butepbu/BCH gekoaepa
2. butcka rpewka (BER) npe Pug ConomoH/LDPC gekogepa
3. butcka rpewka (BER) nocne Pug ConomoH/LDPC pekoaepa

» butcka rpewka (BER) o Hajseher nHTepeca u Koja npyxa
HajBuLe nHdopmaumja je npe Butepbu gekogepa

« YT1Bphyje ce goBoherwem BUTCKe NOBOPKE rnocrie Butepbu
KoZepa Ha OpYyry KOHBOSTYLIMOHU Kodep UCTe KoHurypauuje
Kao 1 y npeaajHuky.

23
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Mepere BER (Bit Error Ratio)

« AKo buTtcka noBopka npe Butepbu kogepa dyae ncra ca OHUM
HaKOH KOHBOMYLMOHOr Kodepa - y3umajyhu y 003up Kalwbere
KOHBOSTYLIMOHOT Kodepa - 3Ha4yn ga Hema rpeluaka

« Pasnuke, a TmMe n DUTCKe rpeLuke, ce 3atum ogpehyjy
komnapaTtopom 3a | u Q rpaHe. butcke rpeluke ce oHga 6poje
n gerne ca bpojemM npeHeceHnx buta gajyhn Hymepudky
BpedHOCT penaTtmBHe butcke rpewke (BER):

BER = 6poj rpewaka /6poj npeHeceHnx outa

« butcka rpewka npe Butepbuja je y pacnoHy namehy 10-°
(n3na3 npegajHuka) n 102 (ynas npmjemMHuka ca nowmnm
ycrnosuma npujema). Butepbu gekogep moxe aa ncnpasu
Heke o DUTCKUX rpellaka, octasrbajyhun npeocrane butcke
rpewike Pna-ConomoH gekogepy.

T™ 2018



Mepere BER (Bit Error Ratio)

* bpojehun kopekuunje Pug-ConomoH gekoaepa u gernehun mnx ca
B6pojemM npeHeceHnx y NICTOM nepuoay rnokasyje penaTtuBHy
rpewwky Pnao-ConomoHoBor gekogepa. Mehytum, ako Pua-
ConoMOH geKkogep HUje y CTawy Aa Ucnpasun CBE rpeLlke, To
ce pes3ynTyje y rpeLwun y TpaHCnopTHUM nakeTuma.

« OBakBu NakeTu cy o3HayeHn y TC 3arnaerby (NokasaTerb
rpeLuke y TpaHcnoptHoMm nakety, TEIB 6ut = 1).

« bpojehun nakete ca rpelwukom gobuja ce npopadyH noct-Pmua
COonoMOH BUTcKe rpeLuke.

 DVB-T TecT npunjemHuk he oTkputn cBa 3 ogHoca buTtcke
rpeLlKe 1 npukasaTtmn Uxy jeaHoM of rmaBHUX MeHuja
Mepersa. 36or mane BepoBatHohe BUTCKe rpeLluke nocne
Butepou n Pna-CornomoH gekogepa, Tpeba nsabpartu
MepeHe Y pacrnoHy o4 HEKONIMKO MUHYTa OO0 HEKOSIMKO caTu.

IVl &V LU



Mepere BER (Bit Error Ratio)

* Mepewe nocne Pna-CornomoH aekogepa ca AOBOSfbHUM
HMBOOM NpujeMHor curHana (Behum og -60dB) mopa ga byae
6orbe oa 1019, ako TO HUje ncnyHeHO BEPOBATHO NOCTOjU
pe3nayanHa rpelika npegajHmka (now KBanuTteT npeaajHmka)

« OBakaB peaynrtar bu mopao aa byae npaheH n HegoOBOIrbHUM
MER-oMm oBO meperse.

« Y ctaHgapoy DVB-T2 y 3awitnut rpeLlka KkopuwlheH je
apyradmjy noctynak 3allTUTHOr ogoBana, O4HOCHO
npumMmen-eHo je BCH kKoooBawe y cnosballHhemM MpCcTery
3awTtnte ymecto Butepoujesor n LDPC (Low Density Parity
Check Codes) kogoBake y YHYTpalLUHEM MPCTEHY 3alUTUTE
ymecTto Png ConomMoHOBOr NocTynka, 3aTum npuMer-eH
NHTEPINBUHI.

26
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Mepere BER (Bit Error Ratio)

 MepHUu npmjeMHMLUN O3Ha4YaBajy KogoBake Koje je
NPUMEH-EHO jep NPUHLUMNJENHO HEMA pa3nuKe Y Ha4YnHY
OocTBapuBaka 3aluTuTe — Noctynun npumerweHn y DVB-T2 cy
epmkacHmjn n omoryhaBajy nosehame npoTtoka u
npmnbnmkasare LLIeHOHOBOj rpaHNUM KanaumuTeTa NpeHoca,
HapaBHO MO LieHWU CIoXeHuje CTPYKType Koaepa O4HOCHO
nekogepa.

* Meperne BER je onunoHo, butcka rpewka (BER) nocne
LDPC a npe BCH gekoaepa Tpeba ga 6yae 6orba o 1079,

* Mepene ce obaBrba guruTanHUM MepHUM NPUjEMHUKOM, ca
MWUHUManNHUM TpajakeM Mepersa 30 MuHyTa. PesynTar
Mepewa ce ynucyje y M3eewTaj y pybpuky ,BER".

27
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MER Modulation Error Ratio C1SCO

* Informacija, kao sto je zvuk (audio), slika (video) |
digitalni podaci, mogu se preneti od jedne tacke
do druge kao radio talasi (brojevi se ne salju kroz
medijum)

 |Informacija se modulise u kerier, noseci
sinusoidalni signal, i tek tada se salje kroz
prenosni medijum

* Modulacija se prenosi kao promena jedne ili vise
osobina RF (sinusoidalnog) signala koji se prenosi
preko medijuma,

v’ frekvencija, amplituda, faza

28
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Frequency shift keying, FSK CISCO

* Frequency shift keying, FSK, koristi promenu
ucestanosti nosioca izmedu dve vrednosti
sinusoidalnog signala koji se emituje, gde jedna
ucestanost predstavlja bit vrednosti 1, a druga
ucestanost predstavlja bit O

Sinusoida nize uCestanosti odgovara bitu koji ima vrednost 1,

Sinusoida vise ucestanosti odgovara bitu koji ima vrednost O
TM 2018 o
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Amplitude shift keying, ASK C1SCO

« Amplitude shift keying, ASK, koristi promenu
amplitude nosioca, sinusoidalnog signala koji se
emituje, izmedu dve vrednosti,
gde veca amplituda predstavlja bit vrednosti 1,
a manja amplituda predstavlja bit O

30
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Phase shift keying, PSK

I
CISCO

* Phase shift keying, PSK, koristi promenu faze
nosioca, sinusoidalnog signala koji se emituje,
izmedu dve vrednosti, gde jedna faza predstavlja
bit vrednosti 1, a druga faza predstavlja bit O

\

A

J

Y
1

Y
0

Sinusoida faze 0° odgovara bitu koji ima vrednost 1,
Sinusoida faze 180° odgovara bitu koji ima vrednost O

BPSK, biphase shift keying, kada je fazni pomeraj 180°

31



Carrier Phase, unmodulated carrier

I
CISCO

 Sinusoidalan talas u vremenskom domenu kako

se moze videti na osciloskopu

Vertikalna osa — amplituda

¢ One cycle X Horizontalna osa - vreme

Amplitude

o

T
I
I
I
I
I
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I
I
|
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I
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Carrier Phase

* These graphics represent
RF carriers in the time
domain with different

phases relative to one
another. They all have the

same frequency and the
same amplitude.

= Assume that the top carrier
Is assigned an arbitrary

phase value of 0°

* The second carrier’s
phase relative to the first
one is delayed 45°, the third
carrier is delayed 90°, the
fourth carrier 135° and so on

—

/

S
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-
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00

45°

90°

1356°

180°

225°

270°

315°

33




Vektori i,

CISCO
A vector is a quantity that has magnitude and
direction. Examples of vector quantities include
displacement, velocity and force. A vector can be
represented graphically using an arrow. The
length of the arrow corresponds to the vector’s
magnitude, while the way the arrow points is its
direction.
2 miles
» EAST
0.5 0.5 _ 1
— - >
1 0.5 0.5
— e I
-1 0.5 -0.5
= - — S e
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Komponente vektora CI1SCO

) -
‘!r¢ Right
éb = C 4  —

An upward and rightward vector has an upward part, and a rightward part

- \ (oL
= % I z
0.707
o e
a2
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Faza | amplituda nosioca

We can use a vector to graphically represent an RF
carrier’s relative amplitude and phase. For instance, a
horizontal arrow pointing to the right might be used to
represent a carrier of a certain amplitude and phase.
We'll assign an arbitrary phase value of 0°—represented
by the angle the arrow is pointing—and an amplitude—
represented by the arrow’s length—of 1.

If we flip the arrow horizontally so that it points the

opposite direction, we can say that the carrier phase has
changed 180° from ite original value. Note that ite

amplitude is the same as before.

Likewise, if we rotate the arrow so that it points up, we
can say that the carrier phase has changed 90° from its
original value. Here, too, the amplitude is the same as
before.

And we can change the amplitude, but leave the phase
unchanged.

T™ 2018
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l'I.I"ll
BPSK CISCO

/
-
e

o 150 o 180

Balanced amplitude
\ modulator

~ Rk

Data

Low-pass filter

1) N i
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BPSK Nilir

CISCO
Vector representation: 4o & P G
Bit transmitted ——» 1 0 1 0
RF envelope — 9 | Q z
Relative phase — 0° 180° 0° 180°

Note phase shift when carrier
power goes to zero between bits

38
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IQ (dekartov) format | polarni format C1SCO

Project signal i
to "I"and "Q" axes [-Value

e | T

Polar display—Magnitude and “I-Q” format—Polar to rectangular
phase represented together conversion
2 = / A £ <
= o
4 Zz i

0.712

39

T™ 2018



1Q Modulator

* A single carrier generated by a local

oscillator (L.O.) circuit is split into two paths.

* One path is delayed by an amount of time
equal to Y of the carrier’s cycle time, or 90
degrees.

* The second path has no phase shift.

* The two carriers are amplitude
modulated—one by the / signal, the other by
the Q signal.

* The two modulated carriers are combined
in a summing circuit.

* The output is a digitally modulated signal
that is the vector sum of the amplitude
modulated / and Q signals. The output
signal contains amplitude and phase
variations.

l'I.I'lll
CISCO

Q—_———%ég, 4
\/ \/I\_/‘

90° phase shift

f r\ A
AVAY;
'.,/ \/ \\A'

®

f n A
‘\'J .\“/ \y

Y-
I V%
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l'I.I.'ll
QPSK CISCO

= QPSK: quadrature phase shift keying

* Quadrature means the signal shifts among phase
states that are separated by 90 degrees

* The signal’s phase shifts in increments of 90 degrees
from 45° to 135°, 315°, or 225°

= Data into the modulator is separated into two channels
called “I" and "QQ" (in-phase and quadrature)

= Two bits are transmitted simultaneously, one per
channel

4-QAM

41
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l'I.I"ll
QPSK CISCO

* Each channel amplitude modulates a carrier

The two carrier frequencies are the same, but their phases are
offset by 90 degrees—that is, they are “in quadrature”

= The two amplitude modulated carriers are combined
and transmitted

* [he resulting RF signal i1s a double-sideband,

suppressed carrier signal, and is the vector sum of the
original two “I" and “Q” carriers

= QPSK has four states because 22 = 4

2" is the total number of symbol states required to represent all
possible bit combinations (n = number of bits/symbol)

= Theoretical bandwidth efficiency is two bits/second/Hz

42
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llIllllll
QPSK CISCO

Balanced amplitude |
modulator

Half of the bits go to
the | channel Pt

L=}
=]
-
(=)
L=
-
-
-
g
=)
g 2

k Oscillator ! ¥

90° phase shift

V.,
Low-pass filter A

~
e

Balanced amplitude 0 0 1 1
modulator ()l ,

The other half of the bits |

PR PRI
go to the Q channel 270° 2700 90° 90"
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QPSK, mapiranje simbola

01

Q1

r 3

11

00

10

01 1357 10
10 315° 10
11 45° 10

ML

T™ 2018

CISCO
Q

W= YW

135° as°
® @

oy 180° oo |

@ @

33 315°
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QPSK konstalacija I

CISCO
90°
T— 135° fé
00 225° 1.0
o 135° 1.0
10 315" 1.0 ® PY
11 45° 1.0
180° 0° I
MMN Il
L
I s
45
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QPSK konstalacija

135°

00 225° 1.0
01 135° 1.0
10 315° 1.0
11 45° 1.0

JMMM

I

90° phase shift
(225° to 135°)

180°

225°

(i

T™ 2018

i

20°

270°

Nilir
CISCO

315°
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QPSK konstalacija

WVW\nI

180° phase shift
(135° to 315°)

‘ ‘ 135°
00 225° 1.0
01 135" 1.0
10 315° 1.0
11 45° 1.0
180°

il

225°

|1

T™ 2018

\

90°

270°

Nilir
CISCO
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QPSK konstalacija I

CISCO
Q
90°
(m 225 -;_.
o1 135" 1.0
10 315" 1.0
11 45° 1.0
180° I
@ %
M 225“] 315°
| '
T 1 .
90° phase shift
(315° to 45°) 48
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16-QAM, quadrature amplitude modulatic Cl1SCO

« 16-QAM: 16-stanja = 24

4114 Q vrednosti, 4 bita po simbolu

« Efikasnost teorijskog propusnog opsega 4b/s/Hz

« Podaci se raspodeljuju u 2 kanala, I'1 Q

* Po 2 bita se istovremeno prosleduju svakom kanalu

« Svaki kanal koristi amplitudsku modulaciju

* Rezultantni signal ima 2-opsega bez nosioca

« Vektorski zbir dva nosioca sa varijacijom amplitude | faze

U RF domenu, vizuelizuje se sa
16 razliCitih kombinacija amplitude i faze za predstavljanje
16 razliCitih simbola koji mogu da budu emitovani

49



_ ¥ llllll'll
16-QAM konstalacija Cl1SCO

Symbol Carrier Phase Carrier

Transmitted Amplitude 90°
0000 225" 0.33
0001 255° 0.75
0010 195° 0.75
0011 225° 1.0
0100 135° 0.33
0101 105° 0.75
0110 165° 0.76
0111 135" 1.0 180 |
1000 315° 0.33
1001 285" 0.75
1010 345° 0.75
1011 3157 1.0
1100 45° | 0.33
1101 75° 0.75
1110 15° 0.75
1111 45 1.0 270°

50
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16-QAM konstalacija

Symbol Carrier Phase - Carrier
Transmitted Amplitude

0000 225" 0.33

. &

Y
CISCO

Simbol 0000 se predstavlja modulisanim signalom faze 225°

| normalizovane amplitude 0.33

4 najudaljenija simbola su normalizovana na amplitudul




16-QAM konstalacija

Symbol
Transmitted

Carrier Phase

Carrier
Amplitude

0001

255"

0.75

TIIT
CISCO

Simbol 0001 se predstavlja modulisanim signalom faze 255°
| normalizovane amplitude 0.75
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16-QAM konstalacija

Symbol Carrier Phase Carrier
Transmitted Amplitude

0010 195° D.75

TIIT
CISCO

Simbol 0010 se predstavlja modulisanim signalom faze 195°

| normalizovane amplitude 0.75
T™M 2018




16-QAM konstalacija

Symbol Carrier Phase Carrier

Transmitted Amplitude

0011 225° 1.0

TIIT
CISCO

Simbol 0011 se predstavlja modulisanim signalom faze 225°

| normalizovane amplitude 1
T™M 2018




16-QAM konstalacija

il
CISCO

Symbol
Transmitted

Carrier Phase

Carrier
Amplitude

0100

135°

0.33

Simbol 0100 se predstavlja modulisanim signalom faze 135°

| normalizovane amplitude 0.33
T™M 2018
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16-QAM konstalacija

Symbol Carrier Phase Carrier
Transmitted Amplitude

0101 105° 0.75 &>

TIIT
CISCO

Simbol 0101 se predstavlja modulisanim signalom faze 105°

| normalizovane amplitude 0.75
T™M 2018




16-QAM konstalacija

Symbol Carrier Phase Carrier
Transmitted Amplitude

0110 165° 0.76

TIIT
CISCO

Simbol 0110 se predstavlja modulisanim signalom faze 165°

| normalizovane amplitude 0.75
T™M 2018




16-QAM konstalacija

Symbol Carrier Phase

Transmitted

0111 135°

1.0

TIIT
CISCO

Simbol 0111 se predstavlja modulisanim signalom faze 135°

| normalizovane amplitude 1

T™ 2018




16-QAM mapiranje simbola CISCO

Q
¥

0111 0101 1101 1111

0110 0100 1100 1110

——t
0010 0000 1000 1010

0011 0001 1001 1011

v

Gray-Coding, simbol gore, dole, levo, desno

razlikuju se za 1 bit
T™M 2018



16-QAM mapiranje simbola vl

CISCO
Q
&
0111 0110 1101 1111
0101 0100 1100 1110
< &
0010 0000 1000 1001
0011 0001 1010 1011
v

Differential-Coded Symbol Mapping
Razlika dva susedna simbola
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64-QAM modulisani signal CcISCO

4 JOTEM NNy MY idn) L me ARUEN) A ¥
s AN ML RS2SR 59 000 MW Jr.mdhme tran: L4

,’ ml‘,.‘ 0N ' ‘q! o fﬁ'f""ﬁ-"‘nﬁ‘c‘ ¢ \?4 v j‘}
/ \

Analizator spektra Osciloskop
64-QAM signala u 64-QAM signala
frekvencijskom domenu u vremenskom domenu
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QPSK primer odstupanja od konstalacije cI1SCO

Amplituda | faza predstavljaju simbol 11
Na strani predajnika

62
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QPSK primer odstupanja od konstalacije cI1SCO

Na strani prijemnika
Odstupanje zbog suma za simbol 11

63
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QPSK primer odstupanja od konstalacije

TIIT
CISCO

UL

Na strani prijemnika
Odstupanje zbog suma za simbol 11

T™ 2018
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QPSK primer odstupanja od konstalacije cI1SCO

Na strani prijemnika
Odstupanje zbog suma za simbol 11

65
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QPSK primer odstupanja od konstalacije

TIIT
CISCO

Na strani prijemnika
Odstupanje zbog suma za simbol 11

Jedna taCka je pogresno primljena
T™M 2018
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] : . Y
16-QAM, Modulaciona greska CISCO

Modulation error = Transmitted symbc;l - Target symboi

Modulation error

Transmitted (or received)
+ symbol

+ |+ +
+

Modulaciona greska je vektor razlike izmedu ciljnog
simbola | poslatog simbola - vektora.

vektor poslatog simbola — vektor ciljnog simbola 67
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QAM, MER

Modulation Error Ratio

MER =101log,,

lllllllll
CISCO

MER = 10log(average symbol power/average error power)

Average symbol
power

T™ 2018

erage error power

In effect, MER is
a measure of how
“fuzzy” the symbol

points in a

constellation are.
68



QAM, MER primeri

Q
288%s,
- -_: Tp_'.
." : )
I
» L ]

T™ 2018
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TIIT
CISCO
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MER primeri merenja

I
CISCO

Modulation Format | Lower Eg/N, | Upper Eg/N,
Threshold Threshold
QPSK 7-10 dB 40-45 dB
16 QAM 15-18 dB 40-45 dB
64 QAM 22-24 dB 40-45 dB
256 QAM 28-30 dB 40-45 dB
Good... Not so good...

T™ 2018
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MER primer faznog suma

Nilir
CISCO

PP
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MER primer degradacije ~15¢0
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MER prlmer degradacije
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MER primer degradacije

Linearna izobliCenja, mikro-refleksija,
amplitudski ripple, grupno kasnjenje

TIIT
CISCO
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MER primer degradacije CISCO
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Intermodulaciona izoblicenja
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MER primer degradacije CISCO

Laser clipping
76
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MER primer degradacije CISCO

Cable3/0 Upstream 0 is
rfC".’]'!C.I"fC;"r Z.'\ 392 fo“ ( hannel Width ) MHz, QPSK Symbol Rate 2.560 Msps

Spectrum Group is overridden
BroadCom SNR _estimate for good packets {26 8480 dB
Nominal Input Power Level 0 dBmV, Tx Timing Ofcetr2935

R

The CMTS's reported upstream
“SNR” actually is MER

Kolizija podataka | nepravilan modulacioni profil

CMTS's izvestaj "upstream SNR" (MER) mogu da
uzrokuju gubitak paketa

77
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Downstream Performance: QAM Analyzer
0 Y1 1 ci1sco

Pre- and post-
FEC BER

4| wiriBiAlN

olr | | &l2|S|y|e

t sla »ldw|aln
»lale w9 w|lsn
w4 s |nlx|sw
slo|x|p|lalo|e|inm

elu|l2r|e|n|lw|x|=

el vlale =N

MER

64-QAM: 27 dB minimum
2568-QAM: 31 dB minimum

Constellation

Primer: downstream 64-QAM (levo) i
256-QAM (desno) digitalnih modulacionih signala 78



— T INIE
Pre BER, Post BER primeri CISCO

QAM : Itb1.plan

ICH 080

| DIG: 561,000 M2 o
e | 64 OAM Annax R

| SR: SOSAIIALS/S
| BW; 60090 MHz

» v - »

‘ 7
LEVEL: 30 dBmV
ATER L2

In this example, digital channel power,

ossoiav | cuman | zoomm | zoomour| MER and the constellation are fine, but
pre- and post-FEC BER indicate a
problem—perhaps sweep transmitter
interference, downstream laser clipping,
an upconverter problem in the headend,
or a loose connection.

79
T™ 2018



Troubleshooting—Integrated Upconverter

= Verify correct average power level

Integrated upconverter RF output should be set in the

DOCSIS-specified +50 to +61 dBmV range

Typical levels are +55 to +58 dBmV

= Also check BER, MER and constellation

To headend

| Attenuator |
| (if required) :
88-860 MHz downstream e

RF output
(+50 dBmV to +61 dBmV)

T™ 2018

downstream

combiner

R§

NIir
CISCO
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Troubleshooting—External Upconverter

= Verify correct average power level, BER, MER and
constellation

CMTS downstream |F output o | I ol | I
External upconverter IF input CISCO

External upconverter RF output

CMTS

44 MHz IF input to
upconverter
(typ. +25 dBmV to +35 88.860 MHz downstream
asmyv) RF output to CATV network
/ (+50 dBmV 10 461 dBmV)

44 MHz downstream
IF output
(e.g., +42 dBmV +/-2 dB)

81
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Combiner Output and Fiber Link CISCO

* Check signal levels and BER at downstream laser
Input and node output

Bit errors at downstream laser input but not at CMTS or
upconverter output may indicate sweep transmitter
interference, loose connections or combiner problems

Bit errors at node output but not at laser input are most likely
caused by downstream laser clipping

> - o> N
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Out in the Field... TIr
CISCO

If everything checks out OK at the node, go to an affected
subscriber’s premises.

Measure downstream RF levels, MER and BER, and evaluate the
constellation for impairments. Look at the adaptive equalizer graph,
In-channel frequency response and group delay. If your QAM
analyzer suppuorls il, repeal lhese measurements in the upstieam.

Measure upstream transmit level and packet loss

Use the “divide-and-conquer” technique to locate the problem

83
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What’s Good? TNINIr
CISCO

= BER: |Ideally, there should be no measurable bit errors
shown on the QAM analyzer, anywhere in the system!

DOCSIS assumes a worst-case post FEC BER at the cable
modem input of 1 x 108 (1.0E-08) at specified RF input levels and
carrier-to-noise ratios

* MER: The higher the better!

Good engineering practice says to keep unequalized MER 3 to 6
dB above the unequalized MER “failure threshold” for the
modulation type in use

Many cable operators use the following unequalized MER values
as minimum acceptable operational values: QPSK ~18 dB; 16-
QAM ~24 dB,; 64-QAM ~27 dB; and 256-QAM ~31 dB

84
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The Takeaway?

= BER and MER are not the same thing!

llIlll'll
CISCO

= BER is an estimation of the ratio of the number of errored
bits to the total number of bits, typically expressed in

scientific notation.

= MER is, in effect, a measure of the “fuzziness” of a data
constellation’s symbol landings, and is expressed in dB.
MER is somewhat analogous to baseband signal-to-noise

ratio.
= Both BER and MER should be measured. The two

together tell a more complete story than either by itself.

T™ 2018
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Mepere KBenuteta MogynawlmnmoHor curHana ca
rpadounykum npukasom (Constelation Diagaram), MER

 DVB-T ce aHanusupajy
xnrbanpe COFDM
nogHocunaua. Oncer
aHannanmpaHumx
nogHocunaua ce Mmoxe _
bupaTtu. MNpukasyjyhu cee St A g Rl il h gty
KOHCTenauuoHe aujarpame f
(nogHocuouwn 6poj 0 go
6817 unn 0 go 17095)
HacnaraHe jeqHe nNpeko
apyrmx gobujamo
MOrynHOCT aHanuse
KBanuTeTa moaynauuje.

edhd bl s

shnw
40

Bt b
Eah i d o
N dhahdr.

KoHcTenaumoHu
avjarpam 3a DVB-T
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Mepere KBenuteta MogynawlmnmoHor curHana ca
rpadounykum npukasom (Constelation Diagaram), MER

* Mopgynaumjcka rpewka (MER) je mepa
o4 30upa CcBMUX CMETHU HaCTasriMx Ha NPEHOCHO] NMNHN|.
Kao n ogHoc curHan/wym, obnyHo je HasegeH y dB. Ako je
camo edoekart wyma npucytaH, MER u S/N cy jegHakw.

* Pe3ynrar cBUX MHTEPAEPEHTHUX YTHLIAJ]a HA OUTUTAIHU
TB curHan y lumpokonojacHOM NpeHocy je fa
KOHCTeNnaTuBHe Tayke nokasyjy oacTtynaka y o4HOoCy Ha
CBOje HOMWHarHe nosuuuje y cpeauLuTy 30He
oanyymBarsa. AKO Cy ofcTynaka npesenuka, rpaHuue
30He ofJlydnBar-a Ce npesasnrase u gewansajy ce butcke
rpewke. MehytTnum, oactynarwa of LieHTpa nofba MoXe ce
rnocmaTtpaTti Kao 4ejCTBO NPOu3BOSbLHOI oMeTaya.

87
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Mepere KBenuteta MogynawlmnmoHor curHana ca
rpadpmykum npukasom (Constelation Diagaram),

* To je ynpaBo LuIb je4HOr BeLTaykm yBeoeHor
napametapa kao wTto je MER - kog meperwsa MER,
NpeTnocTaB/ba Ce Aa Cy CTBapHM Norouun y
KOHCTenauMoHoM gujarpamMmy noMepeHun o LeHTpa
0ejCTBOM OMeTauva.

« OmeTauymma ce goderbyjy BEKTOpU rpeLlaka, ynepeHu oa
LileHTpa 30He A0 Tayke CTBapHOr MecTa Ha
KOHCTenauuoHoM gujarpamy.

« [lyXnHe cBUX OBUX BEKTOPA rpeLlke ce mepe u doopmmpa
ce cpefHa KBagpaTHa rpeLlka unum Mmakcumarsa BpLuHa
BPEOHOCT rpeLlKke y BPEMEHCKOM MpOo30py.

88
T™ 2018



Mepere KBenuteta MogynawlmnmoHor curHana ca
rpadounykum npukasom (Constelation Diagaram), MER

Cpenwa n makcumanHa (peak) spegHocCT
MER pa4yHajy ce kao

N £
= -100%

T
U RMS

= i
\/ — Z (| error vector |)”
MER, =

~ max(| error _vector |)

MER,,,. = , 100%
U rass
ATE RO A
y Aeunbenvma MER , =20- lg( M]lﬂh]} |dB ]
89
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Mepere KBenuteta MogynawlmnmoHor curHana ca

rpadounykum npukasom (Constelation Diagaram), MER
TB DVB-T2

S/N 102382, FW 2.40

_ Ch: --- RF 682.000000 MHz DVB-T2 8 MHz
npeaajHnK paou u ExpLvl -7.00 dBm “Att 25 dB
ca QAM256 D,a . h ‘ 1 ! 1 \ 1 \ FFT-Mode 32k
6u ce npaBUITHO BW ext: Off
OLIEHMO KBANNTET ylelo/ojsieeldisiEint L e .
npenajHuKa B "::: z: : ARRCDODGES PAPR: Off
(NMMHeapHa, dasHa nees[eleneplEelnE T
. AMOODOEEL Decoded PLP
N (peKBeHLmjcka :: :# se[ao(e(s|aisle BmE PLP ID: :
n3obnmyer-a) Kpo3 rarICIE I : :: : :; : :, “|Mod: 256 QAM
CBE HaroHCKe U LA . alelalulnln[olelsln & 4
chasHe HMBoOe 3a .H-;wa*t:::::_:::. -
cBaKu Hocunal oo I o * :: ::i Anance :: —  Qsource
noHaocob cHMMa slulalsnalalmisi80 B
ce KOHCTenaLoHu | :i::::.*;iﬁhf::: |
fvjarpam kome je [ sle|e|s|s® *‘*l* -‘*" i‘* 1*1 | |
,1:|,03Bon.:eHa [Mpuka3 poTnpaHor KoOHcTenaunoHor gunjarpama y DVB-T2
poralija Lvl -14.8dBm | BER 0.0e-& | MER 34.9dB BEMOD PLP ' Cells 2.0000e+005




Mepere KBenuteta MogynawlmnmoHor curHana ca
rpadounykum npukasom (Constelation Diagaram), MER

Peny6muka Cpbuja

. PATEA
Mepere ce obaBrba MEPHUM NPUNjEMHUKOM R

* Hymepwuykun pesynrar ce npukasyje 3a
cpegwy BpeaHoct MER u He cme ga byaoe

MatbWn OL. ESSSHGHI S 102362, £ 2.40
 3a npepajHuke >34.0 dB T o
' 32 penematope >27.0 A8
« Pesyntat mepema ce ynucyje y %%EE%%%%%E%%EE

N3BewTaj y pybpuky ,MER" nspaxer .. %EE@E@%%%E@%@%

y dB ca jeaHUM JeumMantuM MECTOM. | hisisizisiati:
 KoHcTenaumoHu gujarpam ca 0050 e 2 R o 2

napamMeTpumMa ceToBah-a npeaajHuKa

je obaBe3aH Npuor y3 MepHu NPOTOKO!
91
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Profesor dr Miroslav Lutovac
mlutovac@viser.edu.rs

Ova prezentacija je nekomercijalna.

Slajdovi mogu da sadrZze materijale preuzete sa Interneta,
struéne i nau€ne grade, koji su zasticeni Zakonom o
autorskim i srodnim pravima.

Ova prezentacija se moze koristiti samo privremeno
tokom usmenog izlaganja nastavnika u cilju informisanja i
upucivanja studenata na dalji strucni, istrazivacki i naucni

rad i u druge svrhe se ne sme koristiti —
Clan 44 - Dozvoljeno je bez dozvole autora i bez placanja
autorske naknade za nekomercijalne svrhe nastave:

(1) javno izvodenije ili predstavljanje objavljenih dela

u obliku neposrednog poucavanja na nastavi;

- ZAKON O AUTORSKOM | SRODNIM PRAVIMA

("Sl. glasnik RS", br. 104/2009 i 99/2011)




