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Anatomy of an OFDM channel
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This is a spectrum analyzer screen shot of a 192 MHz-wide DOCSIS 3.1
downstream OFDM channel. Let’s take a closer look.



Anatomy of an OFDM channel

Channel bandwidth
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LLLLULL LW L)

1
—————L7

L
¢ ) il 4 |
, L § .’!:‘-.’ | l g1t

128 ‘ o o " b % _ i FIE ',1 1 .' “'ﬁ vlﬂt“‘|Aflﬂ""ﬂf‘y",';"

dBm | et} @

Center 354 MH2z Span 210 MHz

Res BW 1.42514 kHz TimelLen 2.68 mSec

1

I

1

1

" g ' G 5 L 2, 9 ad [y (L N N Vi Aol d !

LogMag e i
\ ‘ i i v".. HET l‘ i oot { 1

1

I




Anatomy of an OFDM channel
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Anatomy of an OFDM channel

Rng N

26 Data subcarriers
dBm

LogMag TR oo e """%.u.. A\
{ it 4

il i Ilw‘
<126 | y li. o i : J ‘- ; " ""| .v J#‘Iﬂﬂ‘ x‘t H "p
dBm I I X |
Center 354 MH2z Span 21 0 MHz

Res BW 1.42514 kHz TimelLen 2.68 mSec




Anatomy of an OFDM channel

Active subcarriers in a 192 MHz-wide channel: 7600 subcarriers with 25 kHz
spacing (called “8K FFT”) or 3800 subcarriers with 50 kHz spacing (called “4K FFT")
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Anatomy of an OFDM channel
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Continuous pilots always remain on the same frequencies, and are configured to be spread more or less
uniformly throughout the OFDM channel. Another type of pilot called scattered pilots — which are also boosted
by 6 dB — are not shown here (they change frequency throughout the OFDM channel).



Anatomy of an OFDM channel
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The PLC band is a 6 MHz-wide portion of the OFDM channel within which the PLC is centered. The PLC band
cannot have any excluded subcarriers or exclusion bands.



Anatomy of an OFDM channel
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The continuous pilots in the PLC band have a unique pattern that tells the modem where the PLC is located.
This pilot pattern is not user-adjustable; it is a fixed pattern defined in the DOCSIS 3.1 PHY Specification.



Anatomy of an OFDM channel

28 Rng NN PLC (400 kHz wide)
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The PLC, which is 400 kHz wide and is centered in the 6 MHz-wide PLC band, comprises eight subcarriers (50
kHz spacing) or 16 subcarriers (25 kHz spacing), each using 16-QAM to convey physical layer parameters to the
cable modems.



Anatomy of an OFDM signal
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54.000 MH \__ 864000

13.0

672.000 MHz - 768.000 MHz
@) 880 carrig’ | PLC 717.000 MHz

Signal type: OFDM




860.000

CHOFDM ¢,

672.000 MHz - 768.000 MHz

.000 MHz

Channel bandwidth: 672 MHz
to 768 MHz (96 MHz)




54.000 MH 860.000

CHOFDM .

672.000 MHz - Z58-860 1
OFDM | 1880 carrier§ PLC 717.000 MHz

PLC frequency: 717 MHz




860.000

Number of subcarriers: 1880
(50 kHz subcarrier spacing)




X LEVEL VARIATION (OFDM) \ 4

Live Overall
@Max: -2.7 dBmv  @Max: -2.4 dBmV  @Avg: -3.3 dBmV
OMin: -5.3 dBmV  €IMin: -5.4 dBmV

776.000

e Average: -3.3dBmV
e Minimum: -5.3 dBmV
e Maximum: -2.7 dBmV

Per the DOCSIS 3.1 PHY Spec, the OFDM signal
level at the cable modem input is supposed to
be in the -15 dBmV to +15 dBmV range (power
per 6 MHz).
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X PROFILE ANALYSIS \ 4

PROFILE LOCKED CWE (Corr) CWE (Uncorr)

 PLC locked Yes
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PLC level: -2.5 dBmV
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PLC RxMER: 40.7 dB
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errors: 0
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X PROFILE ANALYSIS \ 4

PROFILE LOCKED CWE (Corr) CWE (Uncorr)

* NCP locked: Yes
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* NCP uncorrectable codeword
errors: 0




X PROFILE ANALYSIS \ 4

PROFILE | LOCKED CWE (Corr) CWE (Uncorr)

* Profile A locked: Yes




X PROFILE ANALYSIS \ 4

PROFILE LOCKED | CWE (Corr) CWE (Uncorr)

* Profile A correctable codeword
errors: 1.5e-2




X PROFILE ANALYSIS

PROFILE LOCKED

* Profile A uncorrectable
codeword errors: O




X PROFILE ANALYSIS \ 4

PROFILE LOCKED CWE (Corr) CWE (Uncorr)

* Profile B locked: Yes




X PROFILE ANALYSIS \ 4

PROFILE LOCKED CWE (Corr) CWE (Uncorr)

* Profile B correctable codeword
errors: 3.4e-1




X PROFILE ANALYSIS \ 4

PROFILE LOCKED CWE (Corr) CWE (Uncorr)

* Profile B uncorrectable
codeword errors: O
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Average RXMER per subcarrier:
41.3 dB




Modulation
order

256-QAM =29~30 dB

1024-QAM 2 34~36 dB
2048-QAM 2 37~39 dB

4096-QAM 240~42 dB

512-QAM 2 31~33 dB
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* RXxMER 2"d percentile: 39.5 dB




+ MER VARIATION (OFDM)

Live Overall
@Max: 43.3 dB @Max: 43.9 dB @avg: 41.2 dB
Min: 32.9 dB Min: 31.4 dB

e Graphical view of RXMER per
subcarrier




+ MER VARIATION (OFDM)

Live Overall

@Max: 43.3 dB @Max: 43.9 dB @avg: 41.2 dB
Min: 32.9 dB Min: 31.4 dB

* Average RXMER per subcarrier:
41.2 dB




+ MER VARIATION (OFDM)

Live Overall
@Max: 43.3 dB @Max: 43.9 dB @avg: 41.2 dB
Min: 32.9 dB Min: 31.4 dB

* Note lower than average
RxMER in this part of OFDM
signal; possible ingress
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DM signal

)sting on the cake!*
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*Note: A 96 MHz-wide DOCSIS 3.1 OFDM channel bonded with 24 DOCSIS 3.0 SC-QAM
channels provides a gross data speed of about 1.6 Gbps to 1.7 Gbps, which can be used as
the basis for gigabit-class service.



Summary

- DOCSIS 3.1-compatible field test
equipment is now readily available

- The test equipment must be locked to
the PLC, NCP, Profile A (and higher
profiles, if used)

. Because of how LDPC FEC works,
correctable codeword errors can be
ignored

- There should not be any uncorrectable
codeword errors

.- PLC RXMER should be 15 dB or higher,

and the PLC ideally should be on a
frequency free from interference

- Average RXMER per-subcarrier should

be at or above the recommended
values for the modulation orders in use

- OFDM channel power (the RF power

per 6 MHz) should be about the same
as digital channel power on SC-QAM
channels: -15 dBmV to +15 dBmV at the
modem input



Resources

Data-Over-Cable Service Interface Specifications DOCSIS® 3.1 Physical Layer Specification —
www.cablelabs.com

Downey, J., “DOCSIS 3.1 Downstream Early Lessons Learned.” 2017 SCTE Cable-Tec Expo Proceedings

Druse, S., Miller, J., “DOCSIS 3.1 Leaves The Lab And Hits The Field With Midco.” 2016 SCTE Cable-Tec Expo
proceedings

Flask, R., “Testing and turn-up of DOCSIS 3.1 services in the HFC network from a field and maintenance
technician perspective.” 2016 SCTE Cable-Tec Expo proceedings

Salinger, J., “DOCSIS® 3.1 — Experiences from Early Deployments.” 2016 SCTE Cable-Tec Expo proceedings

SCTE — Society for Broadband Professionals, Autumn Lecture 2016 video: “DOCSIS 3.1: An Overview, by Ron
Hranac, Cisco” https://www.youtube.com/watch?v=ZwKuPZVh19Y



http://www.cablelabs.com/
https://www.youtube.com/watch?v=ZwKuPZVh19Y
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