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Broadband Internet & Telephone via CATV

Return channel

CMTS
Cable -2 Downstream

modem RF DOCSIS
termination Upstream
system

Coax/HFC

IP . -@
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DOCSIS — Data-over-Cable Service Interface Specification
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DOCSIS - Data over Cable Service Interface Specification

DOCSIS 1.0 1997 Cable Labs, ITU-T spec. ITU-T J.112

DOCSIS 1.1 1999 QoS capabilities

DOCSIS 2.0 2001 enhanced upstream speeds ITU-T J.122

DOCSIS 3.0 2006 increase of both up and downstream speed, IPv6 ITU-T J.222
DOCSIS 3.1 2013 10Gbit/s downstream, 1Gbit/s upstream, OFDM, 4096QAM

Physical Layer Specification

CM-SP-PHYv3.1-102-140320

DOCSIS standard =
bidirectional transmission of high-speed data over
broadband cable networks using hybrid fiber-coaxial infrastructure

all DOCSIS standards are backward compatible
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DOCSIS Physical Layer

DOCSIS 1.0 ... 3.0:

Downstream =

ITU-T J83B [US] Single Carrier 64QAM/256QAM

or

ITU-T J83A (DVB-C) [EURO-DOCSIS] Single Carrier 64QAM/256QAM

Upstream = Single Carrier, QPSK ... 64QAM, TDMA, CDMA
DOCSIS 3.1:

Downstream = OFDM, 4096 (4K) QAM and higher (16K QAM)
4K/8K OFDM, 50/25 kHz carrier distance

Upstream = OFDM, minislots in time and frequency domain
up to 4096 (4K) QAM, 2K/4K OFDM, 50/25 kHz carrier distance

ROHDE&SCHWARZ 14.03.2019  Signalpegel-Definition bei DOCSIS 3.1 7



DOCSIS Downstream and Upstream

IP €= > ) MAC layer
Information Information
¥ 1
Source coding | n.a. Source decoding | n.a.
¥ 1
Channel coding Channel decoding
¥ 1
Modulation CMTS Demodulation
Downstream (DS) l CATV network I Upstream (US)
Demodulation Cable Modem Modulation
¥ 1
Channel decoding Channel coding
¥ 1
Source decoding n.a. Source coding n.a.
¥ 1
Information Information n.a. = not applicable
|P €= = MAC layer MAC = Media Access Control
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DOCSIS 3.1 Downstream

up to 16384QAM

.

A e
G b

Parameter DOCSIS 3.1 DOCSIS 3.0

Type of modulation OFDM single carrier
4K and 8 K FFT (J.83/B, DVB-C)

Frequency range 108 MHz to 1218 MHz 45 MHz to
(1794 MHz) 1002 MHz

Block bandwidth up to 192 MHz 6 MHz / 8 MHz

QAM constellations up to 4096, 8k, 16k up to 256

Cyclic prefix length 0.9375 pusto 5 us n/a

Pilots scattered and continuous n/a

Forward Error Correction BCH-LDPC Reed-Solomon

DS capacity (bps) 8 G (10 G) 300 M (1 G)

25 kHz / 50 kHz carrier spacing
7680 / 3840 carriers in 192 MHz bandwidth
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DOCSIS 3.1 Upstream

up to 4096QAM = -

Type of modulation OFDM single carrier

2K and 4 K FFT TDMA, S-CDMA
Frequency range 5 MHz to 204 MHz 5 MHz to 85 MHz
Block bandwidth up to 96 MHz up to 6.4 MHz
QAM constellations up to 4096 QPSK to 64
Cyclic prefix length 0.9375 us to 6.25 ps n/a
Pilots complementary and n/a

continuous
Forward Error Correction LDPC Reed-Solomon
US capacity (bps) 400 M (1 Gto 2.5 G) 100 M (300 M)

25 kHz / 50 kHz carrier spacing
3840 / 1920 carriers in 96 MHz bandwidth
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DOCSIS 3.1 Downstream Spectrum s La s Upto1024/4096/16384QAM

pAncIh Al d
4K/8K mode L JUE T
204.8 MHz
IFFT
< bandwidth >
configurable ek Block bandwidth
downstream 192 MHz (7680 or
3840 total
block T no. of carriers)
spacing Center carrier
from carrier #m
24 ... 192 MHz
Signgl —
downstream ba”fs;’:)'d;;‘H
: max. z
freqcl),lpeirca;?agnge 7600 or 3800 active
carriers)
54 ... 1002 MHz /1 N
(1 218/1794 MHZ) Carrier# e Carrier # w
25 kHz / 50 kHz carrier spacing
7680 / 3840 carriers

(... DOCSIS3.1 symbol duration ... 20 or 40 us ... OFDM, 1...5us guard)
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DOCSIS3.1 Downstream Block Bandwidth

4096 -
- 50 kHz = 190 MHz = signal bandwidth
- 50 kHz = 192 MHz = block bandwidth

4K mode 3800
3840

8192
8K mode 7600

/680

50 kHz = 204.8 MHz = |[FFT bandwidth

- 25 kHz = 204.8 MHz = |[FFT bandwidth
- 25 kHz = 190 MHz = signal bandwidth
- 25 kHz = 192 MHz = block bandwidth
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Downstream: OFDM Subcarriers in DOCSIS3.1

S 4 v Upto 1024/4096/16384QAM
waen
Taer
>
f
—
Af

#—— Upto192MHz ——>
(... DOCSIS3.1 carrier distance ... 25 or 50 kHz)
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e

DOCSIS 3.1 Upstream Spectrum ¢ & o v Upto4096QAM
o Th At
2K/4K mode (024 MH B L o
T
< bandwidth >
i Block Block bandwidth
conﬂijrurarlile bandwidth max. 96 MHz (3840 or
upstrea 1920 total
b|O(?k T no. of carriers)
spacin Cent i
P i J canier #m
96 MHz
Signgl —
freq%%irs;l?agnge 3800/1900 active
carriers)
5. 204MHz 1 1\
Carrier # e Carrier # w

ROHDE&SCHWARZ

14.03.2019

25 kHz / 50 kHz carrier spacing
3840 / 1920 carriers

(... DOCSIS3.1 symbol duration ... 20 or 40 us ... OFDM, 1...5us guard)

Signalpegel-Definition bei DOCSIS 3.1
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DOCSIS3.1 - 1024QAM Downstream
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DOCSIS3.1 - 4096QAM Downstream

sthnriithin
g3t
izt
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DOCSIS3.1 - 16384QAM Downstream
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DOCSIS 3.1 Channel Occupation

ast

fIMHz

25
=~
Lo

Current CATV frequency occupation

DOCSIS 3.1
DOCSIS 3.1 DOCSIS 3.1
Upstream Downstream f/ M HZ
5...204 MHz 258...1218 (1794) MHz

(42/65/85/117/204 MHz)
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Fall-off-the-Cliff @ DVB-C/J83A

Go No-Go

——

BE I:{before Reed—SoIomon=2' 10

Decoding with visible impairements

Error-free decoding

or no more decoding
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Typical FEC Structure

data rate in

Dgta Baseband
N scrambler

... brakes up
ones and zeros
sequences

ROHDE&SCHWARZ

FEC-1

data rate in

code rate code rate =

Interleaver

... adds data ... distributes
overhead to information over
the data stream time ...

14.03.2019  Signalpegel-Definition bei DOCSIS 3.1

data rate out’
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FEC-2

code rate

... adds data
overhead to
the data stream

data rate out

Data
out



DVB-x1 - FEC-Structure Squeeze’

FEC-2 puncturing
FEC-1

data ratein code rat

188/204 code rate =

data rate out

data rate in data rate out’
Reed- Convol.
Data | gaseband Forney Data
IN" | scrambler Sl interleaver coder& =3 4
188, 204 puncturing
... brakes up ... adds data ... distributes ... adds data
ones and zeros overhead to information over overhead to
sequences the data stream time ... the data stream

ROHDE&SCHWARZ 14.03.2019  Signalpegel-Definition bei DOCSIS 3.1 22



DVB-C & DOCSIS3.0 — FEC-Structure

FEC-1

data rate in

188/204 code rate =

data rate in data rate out;
Reed-
Data | gaseband Forney
N | scrambler Solomon interleaver
188, 204

... brakes up ... adds data ... distributes
ones and zeros overhead to information over
sequences the data stream time ...

ROHDE&SCHWARZ 14.03.2019  Signalpegel-Definition bei DOCSIS 3.1
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out
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DVB-x2 and DOCSIS3.1 — FEC-Structure

FEC-1

FEC-2

data rate in
code rate = T
data rate in data rate out

Data | Baseband Bit
N scrambler interleaver

LDPC = Low Density Parity Check Coding
(... approx. 30% more data rate, closer to Shannon limit)

BCH=Bose, Chaudhuri, Hocquenghem

ROHDE&SCHWARZ 14.03.2019  Signalpegel-Definition bei DOCSIS 3.1 24
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BCH and LDPC Block Code

ROHDE&SCHWARZ

Algorithm
(linear algebra)

BCH, LDPC

14.03.2019  Signalpegel-Definition bei DOCSIS 3.1
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BER=f(SNR) in DVB-C/DOCSIS3.0

ROHDE&SCHWARZ

BER[1]

BER.or=2-10*

14.03.2019

L0 0 BER for4/16/64 /256 QAM
11071 S ——
1-1072
N N
\ AN
\
11073 \ \
X N X X
\
104 \ \
\\ \\ l\
10 \ \ \
s i
y v
\ \ \
10 \ \ \
¥ t \ :
\ \ \
L0 \ \ \ \
} | y §
\ \
1-1078 \ : : \
! | ! |
\ | \ \
) \ \ | \
| \ z a
| \ |
" \ | \
| H——fF
| \ |
Lt | | \ |
i ' ‘ '
| \
1-10712 {
4 6 8 10 12 14 16 6 28 3000 32 34 36

SNR([dB]
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Required SNR(QAM Order)

> > > ->
SNR4+60B SNR16+6dB SNR64+6dB  SNR256+6dB

4QAM, 16QAM, 64QAM, 256QAM, 1024QAM, 4096QAM, ...

ROHDE&SCHWARZ



Mainly used Modulation in Cable: 64QAM, 256QAM

64QAM 256QAM

BER;,..=2:-10*  Fall-off-the-cliff~25dB = Fall-off-the-cliff~31dB BER,,=2-10"*
SNR64+6dB = SNR256

ROHDE&SCHWARZ 14.03.2019  Signalpegel-Definition bei DOCSIS 3.1 28



DVB-C @256QAM @Fall-off-the-Cliff

256QAM
MER=30.4dB
BER=1.1-10

ROHDE&SCHWARZ

R&S ETL Constellation

Ch: --- RF 330.000000 MHz J83 A Spectrum [}
ExplLvl 87.00 dBpv *Att 10 dB

ol g )
1 0 0 Y D R 0 S Y
I 0 N R S N S S R
0 0 0 0 A S ) I A A E Modulation

Analysis ¢

Overview [1

Channel

Analysis

Measure

Log

Digital TV
Settings

-mnnn.n Special
[l ]s s ]efa]olale]n]o]s]]«] Settings

Lvl 79.3dBuV | BER 1.1e-4 | MER 30.5dB DEMOD MPEG  Symb 5.0000e+004

14.03.2019  Signalpegel-Definition bei DOCSIS 3.1
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DVB-C @64QAM @Fall-off-the-Cliff

R&S ETL Constellation
Ch: --- RF 330.000000 MHz 183 A
ExpLvl 87.00 dBpVv FAtt 10 dB

Modulation

64QAM Ingress{f}g
MER=24.6dB | MER(D

BER=1.1-104

Lvl 79.4dBpV | BER 1.0e-4 | MER 24.6dB DEMOD MPEG  Symb 5.0000e+004
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DOCSIS 3.1 FEC - Forward Error Correction

Downstream - FEC

“
in

Interleaver
depth 0...32

Upstream - FEC

LDPC
in out
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DOCSIS 3.1 Modulation Parameter

Modulation mode | min CNR min CNR Modulation min CNR
downstream (AWGN) (AWGN) mode (AWGN)
(--- 1GH2) (---1.2GHz) upstream
LDPC 16QAM 15.0 dB 15.0 dB QPSK 11.0dB
+ 64QAM 21.0dB 21.0 dB 8QAM 14.0 dB
BCH 128QAM 24.0 dB 24.0 dB 16QAM 17.0 dB
31 dB@DV.B'C- 256QAM 27.0 dB 27.0 dB 32QAM 20.0 dB
= - 4dB gain
512QAM 30.5dB 30.5dB 64QAM 23.0 dB only LDPC
1024QAM 34.0 dB 34.0 dB 128QAM 26.0 dB no BCH
2048QAM 37.00B 37.5dB 256QAM 29.0 dB ¢mm A=+2dBrel. DS
4096QAM 41.0 dB 41.5dB 512QAM 32.5dB
8192QAM 1024QAM 35.5dB
16384QAM 2048QAM 39.0 dB
4096QAM 43.0 dB
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CATV Channel (DVB-C, J83A, B, C, DOCSIS-Downstream)

(US-)DOCSIS: 6 MHz channel bandwidth
Channel EuroDOGCSIS: 8 MHz channel bandwidth (7 MHz)

bandwidth
8/7/6 MHz

A 4

V4

Signal
bandwidth

(US-)DOCSIS: 5.056941 MS/s @64QAM,
5.360537 MS/s @256QAM

EuroDOCSIS: 6.952 MS/s

-

ROHDE&SCHWARZ 14.03.2019  Signalpegel-Definition bei DOCSIS 3.1 34



DVB-C-Spectrum (r=0.15, SR=6.9 MS/s)

-40 dBm

-50 dBm 2 == ,
| | . .ﬂ-"w rl“w,iv iy Tr L uu.wlrﬁr 'rlﬁln,frf.T“w.-,-{;mv’w,n_,w.\ﬂ Vo Tn.- Ther w'f,p‘*r‘ c _ 3 d B @ mo d U I 3 to r ou t p U t

-70 dBr|rr-
-80 dBn’r-
0 dB‘ ] Symbol rate

DVB-C: 6.9 MS/s
EURO-DOCSIS: 6.952 MS/s

-100 d8m

s

-120 dBm

CF 330/0 MHz

= Symbol rate
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DOCSIS 3.1 Downstream Spectrum

4K/8K mode

configurable
downstream
block
spacing
from
24 ... 192 MHz

downstream
operating
frequency range
54 ... 1002 MHz
(1218/1794 MHz)

ROHDE&SCHWARZ 14.03.2019

<

204.8 MHz
IFFT

bandwidth
Block
bandwidth

]

Center carrier

carrier #m
— Signal —
band width
max. 190 MHz
7600 or 3800 active
/ T carriers) f\
Carrier#t e Carrier # w

25 kHz / 50 kHz carrier spacing
7680 / 3840 carriers

(... DOCSIS3.1 symbol duration ... 20 or 40 us ... OFDM, 1...5us guard)

Signalpegel-Definition bei DOCSIS 3.1

Block bandwidth
192 MHz (7680 or
3840 total
no. of carriers)
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DOCSIS3.1 Downstream Spectrum

Signal bandwidth
max. 190 MHz

-~ -"—--— -tl-'f-* -:-L‘ﬁ Fl—[-{-\- -J' e Jl— --'l"' =-v--Jl—-—-JL'-,-. -"L—-‘ _.L___., ,'L_*_J'I,‘_‘_J‘ .--.,vl'!.—,_ _‘L...---Il‘_.1 J'lL.__...*-__—J.-._. .!l. J—..m-l-—-- - -'L. Ill v-'MwHL"-"i\ ﬁ e Jl —-‘--J‘-—-* -]L -.,--f". _--,Il-.-- .-_IL.‘,.'—|1 |,....--.-L;--h- _— _.I»__-.J';‘.‘_.ji -‘,—J...‘-.-hdq-.‘-_"bﬂ e 1|~ —‘I—l‘-‘-—Jr‘\r"-'I"4A-"j“- 1

Block bandwidth
max. 192 MHz
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DVB-C (J83A) Constellation Diagram (EuroDOCSIS)

L - » » - LJ - - L] " » - - - - £

* » & an a » w - x [ L] - - » L]

»
]

[ - a - - [ ] - - - . [ ] L) - » - [
F

- ] - L] n - - - ] '] - - - »

64QAM, SR = 6.952 MS/s, r=0.15 256QAM, SR = 6.952 MS/s, r = 0.15
Gross data rate = 6.952 MS/s - 6 bit/symbol = Gross data rate = 6.952 MS/s - 8 bit/symbol =
41.712 Mbit/s; 55.616 Mbit/s;

Net data rate = 188/204 - 41.712 Mbit/s = 38.44 Mbit/s; Net data rate = 188/204 - 55.616 Mbit/s = 51.25 Mbit/s;
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DVB-C @256QAM @Fall-off-the-Cliff

256QAM
MER=30.4dB
BER=1.1-10

ROHDE&SCHWARZ

R&S ETL Constellation

Ch: --- RF 330.000000 MHz J83 A Spectrum [}
ExplLvl 87.00 dBpv *Att 10 dB

ol g )
1 0 0 Y D R 0 S Y
I 0 N R S N S S R
0 0 0 0 A S ) I A A E Modulation

Analysis ¢

Overview [1

Channel

Analysis

Measure

Log

Digital TV
Settings

-mnnn.n Special
[l ]s s ]efa]olale]n]o]s]]«] Settings

Lvl 79.3dBuV | BER 1.1e-4 | MER 30.5dB DEMOD MPEG  Symb 5.0000e+004
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DVB-C @64QAM @Fall-off-the-Cliff

R&S ETL Constellation
Ch: --- RF 330.000000 MHz 3A
ExpLvl 87.00 dBpVv FAtt 10 dB

Modulation

Errors

64QAM Ingress{f}g
MER=24.6dB EEE MER(D
BER=1.1-10"

Lvl 79.4dBpV | BER 1.0e-4 | MER 24.6dB DEMOD MPEG  Symb 5.0000e+004
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Required SNR(QAM Order)

> > > ->
SNR4+60B SNR16+6dB SNR64+6dB  SNR256+6dB

4QAM, 16QAM, 64QAM, 256QAM, 1024QAM, 4096QAM, ...

ROHDE&SCHWARZ



DOCSIS3.1 - 1024QAM Downstream
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DOCSIS3.1 - 4096QAM Downstream

sthnriithin
g3t
izt
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DOCSIS3.1 - 16384QAM Downstream
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Agenda

Einleitung ... DOCSIS3.1 im Uberblick
Fehlerschutz DOCSIS3.0 versus DOCSISS.1

[ Spektrum DOCSIS3.0 vs DOCSIS3.1 ]

l Modulationsverfahren DOCSIS3.0 und DOCSIS3.1 l
[ Signalpegelung bei DVB-C/DOCSIS3.0 und DOCSISS.1 I

Messparameter

Zusammenfassung
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Channel Power and Power Density

DOCSIS3.1 SNR gain of ~4dB in DS (BCH+LDPC)
DOCSIS3.1 SNR gain of ~2dB in US (LDPC)

B=6.9/6.952/8 MHz 24...192 MHz

I‘ '| DOCSIS3.1 block bandwidth B
N

Power in a window of 1Hz
Power density P,

: ,ﬁ |: - i'_!;.|"I=-.I | m P A 1 L L. '..ﬁ |; N ir_!;.|"I=-.. Ayl b Jn ) A 1 LA '..ﬁ |; N r_!;.|"I=-.. Ayl b Jn ) A ; '..ﬁ |1 N r_!;.|'-liull A T A - 1 14 .""J, .
L Y Ea Tl Noise floor

Channel power = Po[dBm/Hz]+10 log(B[Hz]); sLeistungsdichte”
Comparable physical parameters between DOCSIS3.0 and DOCSIS3.1: power density P,
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Example CATV Spectrum including DOCSIS3.1

Ref Level -37.00 dBm & RBW 30 kHz
Att 0dB ® SWT 23 VBW 300 kHz Mode Auto Sweep
1 Frequency Sweep 1Rm Clrw
-40 dBm MA[1H—-72.12 dBm
162.000 MHz
T M1[1]| -71.43 dBm
Z46.000 MHz
-60 dBm
M2 M3
—70d 14 L y L | R T T T . ) lkihlJnﬁan]@WﬂmAMALAﬁm Y
20 dem WW\;«MM e AT L T SR w '
-84 dBm
-9 dBrm
-100 deen

IMDOCSISSJ Downstream@1024QAM sollte eine vergleichbare
-=4_eistungsdichte aufweisen wie 256QAM DOCSIS3.0/DVB-C -

-130 dam
CF 246.0 MHz 1001 pts 20.0 MHz/ Span 200.0 MHz
2 Marker Table
Type | Ref | Trc | X-Value | ¥Y-Value Function Function Result |

M1 1 246.0 MHz -71.43 dBm

M2 1 291.0 MHz -69.77 dBm

M3 1 330.0 MHz -69.77 dBm

14 1 162.0 MHz -72.12 dBm
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Messung der Leistung bei DOCSIS3.1 und DOCSIS3.0

DOCSISS3.0 DOCSIS3.1

Messung der Leistung Messung der Leistung

in einer Bandbreite - in 6 MHz Bandbreite

entsprechend - in der vollen Kanalbandbreite (190 MHz)
der Symbolrate - (in 8 MHz Bandbreite ?)

(6.9 ... 6.952 MHz) - Leistungsdichte in dBm/Hz
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DOCSIS3.1 Messun

DS > DOCSIS 3.1 OFDM > Overview CF 650 MHz

Status Error Analysis

Elapsed Time 0:00:01:14
Democ Blocks Processed 0.0 %
Signal Power 88.5 dBuV BER, PLC 1.3 E07
Occupied Bandwidth 192 MHz BER, NCP 2.6 E-07
Signal Power, per 6 MHz 73.4 dBuV CER, PLC 4.12 E-04
Preamplifier off CER, NCP 2.70 E-04
Attenuation 14.0dB
Frequency Offset -257 Hz Profile
Symbol Clock Offset -0 ppm
NCP CRC Errors 0.000 E+00

Payload Data Rate, Profile 1.28 Gbps BER, Pre-LDPC 45E05 (

BER, Post-LDPC 1.7E05 (
BER, Post-BCH --=
CER. Post-LDPC 1.33 E-02 (

DS > DOCSIS 3.1 OFDM > Spectrum Analysis Marker W Table

RBW : 50 kHz <Auto>

Overall
Profile A

o Ledeeded LLLL LU CL L L L L L L L L L]

Acquisition Markers
Log I\

Traces

Lock

Demod |Preamp |Aﬂen

Off 14.0 dB

i Span : 204.8 MHz
Start : 547.6 MHz Center : 650 MHz Stop : 752.4 MHz

PLC
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Agenda

Einleitung ... DOCSIS3.1 im Uberblick
Fehlerschutz DOCSIS3.0 versus DOCSISS.1

[ Spektrum DOCSIS3.0 vs DOCSIS3.1 ]

l Modulationsverfahren DOCSIS3.0 und DOCSIS3.1 l
[ Signalpegelung bei DVB-C/DOCSIS3.0 und DOCSISS.1 I

Messparameter

Zusammenfassung
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DOCSIS3.1 Measurement Technology ...

& ROMDEASCHWARZ oo - pocs
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CLGD ... Simulating Multichannel CATV Load

ATV
DVB-C
DOCSIS

il o 5
=




SFD ... Single Channel DOCSIS 3.0/3.1/ARB Generator




R&S DSA - DOCSIS Signal Analyzer

ROHDE&SCHWARZ

14.03.2019

Signalpegel-Definition bei DOCSIS 3.1
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DVB-C

J83A, B, C
DOCSIS
EuroDOCSIS
DOCSISS.1



DOCSIS1.0.

RF level

ROHDE&SCHWARZ

..3.0 Downstream Measurement Parameter

/Error vector
i
V.
//
De-
Demod. © FEC
mapper Data
ream
| | | Q Data strea
SNR = Signal to Noise Ratio Baseband stream BER
CNR = Carrier to Noise Ratio
MER = Modulation Error Ratio SNR BER

BER = Bit Error Ratio MER
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Terms CNR, SNR, MER, BER

The CNR is the carrier to noise ratio that means the relation between the wanted carrier signal (,Carrier?) and the unwanted
interferers (typically so-called ,white noise®, AWGN = Additive White Gaussion Noise), measured in the RF channel.

That means the CNR is a measurement parameter at the receiver input (or transmitter output).

The SNR is the distance between the wanted demodulated LF signal (LF = Low Frequency, e.g. audio) and the unwanted
noise.

That means the SNR = Signal to Noise Ratio is a measurement parameter inside the receiver.

During a data transmission bit errors will happen caused by interferers at the transmission link.

Bit errors are a function of the CNR and SNR. The bit error ratio BER represents the the relation between the bit errors and
the transmitted bits.

In digital modulation the so-called MER (Modulation Error Ratio) describes the ,modulation quality” of a digital modulierted
carrier. In mobile communication instead of the MER the EVM = Error Vector Magnitude is in use.
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MER — Modulation Error Ratio

ROHDE&SCHWARZ

MER[dB] <= SNR[dB]

Noise

Interferer
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MER — Modulation Error Ratio

Q t Resulting vector
Error vector

L |deal center of decision field

~ |deal vector
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Guard Interval / CP before and behind of the Symbol

(... DOCSIS3.1 symbol duration ... 20 or 40 ps ... OFDM, 1...5us guard)
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Guard Interval & Windowing

DOCSIS 3.1

Tukey-raised cosine windowing,
embedded in the cylclic prefix

0%

— _ S
At > > 1 — j 1 >
0,
fc+94  fo+06 f3+°/582”’ fc+100 " Pfc+102 fIMHZ]
C

Tukey-rised cosine windowing
in DOCSIS 3.1

(... DOCSIS3.1 symbol duration ... 20 or 40 ps ... OFDM, 1...5us guard)
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Cyclic Prefix and Windowing Roll-Off Periode

0.9375 192 - T,
1.25 256 - T,

2.5 512 - T,

3.75 768 - T,

5.0 1024 - T,

0 0-T,

0.3125 64 - T,

0.625 128 - T,

0.9375 192 - T,

1.25 256 - T,




Windowing and Spectrum Shape

A[dB]
0

10 =+

20 1=

30 4=
0%
_40 ..

_50 - .
>
1%

fc+102 f[MHZz]

1 T %
fc+94  fcs96 3% 2% 01100
fc+98




Windowing Function and Shoulders ...

ROHDE&SCHWARZ

14.03.2019

T . Modulator T Power
anne! arrier finition

State (dBuV)

1 900

[Subcarriers.

O PLC PLC Source PLC
Location Source

Port

2104 TEST|~| 1001

Windowing Ous

Signalpegel-Definition bei DOCSIS 3.1

Windowing 1.25us

FFT Size

4K[v]

NCP Order

aPsK [v]

Windowing

(us)

0

[+

Cyclic Prefix (us)

Profile ID  Profile Constellation

o0Om>

QANM4096
QAM1024
QANM1024
QAN256

64

[<I<l<ll<]

Exclusion Band

o T ; Interleaver
ontinuous Filot Farameter
Depth Start Width
Subcarrier
T 2 0 Q
0 [
0 i
Profile Port Profile Profile FEC Advanced
Source Code Options
Shortening
NONE 10200 | Obis FILL [v] 1779 Advanced
NONE 10201 Obis FILL || 1779
NONE 10202 Obis FILL [v] 1779
NONE | 10203 Obis FILL [v] 1779



Windowing Function and Shoulder

Ous 0.3125us 0.625us
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Agenda

Einleitung ... DOCSIS3.1 im Uberblick
Fehlerschutz DOCSIS3.0 versus DOCSISS.1

[ Spektrum DOCSIS3.0 vs DOCSIS3.1 ]

l Modulationsverfahren DOCSIS3.0 und DOCSIS3.1 l
[ Signalpegelung bei DVB-C/DOCSIS3.0 und DOCSISS.1 I

Messparameter

Zusammenfassung

ROHDE&SCHWARZ 14.03.2019  Signalpegel-Definition bei DOCSIS 3.1 66




Zusammenfassung

DOCSIS3.1 bereits in einigen Regionen in Europa in Betrieb
DOCSIS3.1 mit modernem Fehlerschutz (wie DVB-T2 und jetzt auch bei 5G)
DOCSISS3.1 mit OFDM und bis zu 16364QAM
Verbesserter DOCSIS3.1-Fehlerschutz bringt ca. 4 dB im Downstream
Fehlerschutz im Upstream ohne BCH-Codierung, deswegen um ca. 2 dB ,schlechter” wie DS
190 MHz breites DOCSIS3.1-Spektrum im Vergleich zum 8 MHz breiten DVB-C/DOCSIS3.0-Kanal
DOCSIS3.1-Pegelung nach ,Leistungsdichte” nicht nach Gesamt-Block-Pegel
oder nach aquivalent breitem 6 bzw. 8-MHz-Kanal-Pegel
DOCSISS.1-Messparameter grundsatzlich vergleichbar wie bei DVB-C/DOCSIS3.0
MER-Messung auch auf OFDM-Trager-Ebene
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CMTS _
Cable ~_
modem '
termination ~ '
system :
, , Cable
modem




