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DOCSIS 3.0 Concepts
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Agenda

DOCSIS 3.0 Overview
DOCSIS 3.0 terminology
DOCSIS modemregistration
Advanced Troubleshooting
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Drivers for D3.0 — Other than Verizon & AT&T!
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DOCSIS 3.0 Overview

DOCSIS 3.0 Specification(s)
DOCSIS 3.0 Interface Specifications (Released December 2006)
Equipmentreadily available

Downstream data rates of 160 Mbps or higher
Channel Bonding 256QAM=>~40Mbps

4 or more channels | 8 x 256QAM => ~304 Mbps
Upstream data rates of 120 Mbps or higher

Channel Bonding
4 or more channels

64QAM =>~30Mbps
Internet Protocol version 6 (IPv6) _
Current System (IPv4) is limited to 4.3B numbers 4 x 64QAM =>~108 Mbps

IPv6 greatly expands the number of IP addresses
Expands IP address size from 32 bits to 128 bits
IPv6 supports 3.4%1038 addresses;

Colon-Hexadecimal Format 4923:2A1C:0DB8:04F3:AEB5:96F0:E08C:FFEC
100% backward compatible with DOCSIS 1.0/1.1/2.0
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DOCSIS Comparison

Max Downstream Max Upstream

DOCSIS Version Throughput (net) Throughput (net)

l 42.88 (38) Mbit/s l 10.24 (9) Mbit/s
l 30.72 (27) Mbit/s

l 42.88 (38) Mbit/s

8 x 38 = 304 Mbit/s X 27 = 108 Mblt/sec

n x 42.88 (38) Mbit/s ln x 30.72 (27) Mbit/s
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DOCSIS® 3.0 Assumed Downstream RF
Channel Transmission Characteristics

Parameter Value
Frequency range 108 to 1002 MHz edge to edge

RF channel spacing (design bandwidth) 6 MHz

Transit delay from head-end to most
distant customer

< 0.800 ms (typically much less)

Carrier-to-noise ratio in a 6 MHz band Not less than 35 dB
Carrier-to- CTB, CSO, X-MOD, Ingress Not less than 41 dB
Amplitude ripple 3 dB within the design bandwidth

Group delay ripple in the spectrum

occupied by the CMTS 75 ns within the design bandwidth

-10 dBc@ <= 0.5 psec
-20 dBc@ <= 1.5 psec
-30 dBc@ > 1.5 psec

Micro-reflections bound for dominant
echo

Maximum analog video carrier level at

the CM input 17 dBmV
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DOCSIS® 3.0 Assumed Upstream RF
Channel Transmission Characteristics
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Parameter

Value

Frequency range

5 to 85 MHz edge to edge

Carrier-to-interference plus ingress ratio

Not less than 25 dB

Carrier hum modulation

Not greater than —23 dBc (7%)

Burst noise

Not longer than 10 pysec at a 1 kHz
average rate for most cases

Amplitude ripple 5-42 MHz

0.5 dB/MHz

Group delay ripple 5-42 MHz

200 ns/MHz

Micro-reflections—single echo

-10 dBc@ <= 0.5 psec
-20 dBc@ <= 1.0 psec
-30 dBc@ > 1.0 psec

Seasonal and diurnal reverse gain (loss)
variation

Not greater than 14 dB min to max
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The Bonded Upstream et

(e Tl -

Freq - ATT. m Ref Level P Vert Scale m Ref Offset F Change Settings
Span = [ ZeroSpang TG v RBW m Sweep m VBW m Trigger Type

Trace Type: ® None ® Avg M Min/Max

ARmV  Calihratad
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Power Variance — 6dB Bonded vs. Unbonded

Constellation o Prax - Prax -
Gain Ggonst (ds':'“v) Prmax Prmax Geonst Geonst
Relative to (dBmV) | (dBmV) Pon-Geonst| (dBmV) | (dBmV)
Constellation | 64QAM(@B) L | M H TDMA | S-CDMA | (dBmV) TDMA = S-CDMA
"~ apsk | 118 |17 | 20 | 23 &1 | s | 1818 | 6218 | 5718
8 QAM 021 17 | 20 | 23 58 56 17.21 5821 56.21
16 QAM 021 17 | 20 | 23 58 56 17.21 5821 56.21
32 QAM 0.00 17 | 20 | 23 57 56 17.00 57.00 56.00
64 QAM 0.00 17 | 20 | 23 57 56 17.00 ( 57.00 ) 56.00
128 QAM 0.05 17 | 20 | 23 N/A 56 16.95 NTA 55.95
(Pmw is @ function of Modulation Rate, with L = 1280 kHz, M = 2560 kHz, and H = 5120 kHz.)
Constellation P Prmax - Prax -
Gain G gnat (dBmV) Pruax Prnax | Pruin - Geonst Goonst
Relative to | (dBmV) (dBmV) ' Geonat (dBmV)  (dBmV)
Constellation | 64QAM(dB) | L M | H TDMA | S-CDMA (dBmV) TDMA | S-CDMA
QPSK 1.18 17 | 20 | 23 55 53 | 1818 56.18 54.18
8 QAM 0.21 17 | 20 | 23 52 53 17.21 52.21 53.21
16 QAM 0.21 17 | 20 | 23 52 53 17.21 52.21 53.21
32 QAM 0.00 17 | 20 | 23 51 53 17.00 51.00 53.00
84 QAM 0.00 17 | 20 | 23 51 53 | 17.00 @ 53.00
128 QAM 0.05 17 | 20 | 23 N/A 53 1605 | WA | 5295
(P e B a function of Modulation Rate, With L= 1280 kHz. M= é560 kHz, ana H=5120 kHz..)
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NMeasuring Upstream Carrier Amplitudes

Test CW Signal

'

Amplitude

CW 1.6 MHzwide 3.2 MHzwide 6.4 MHz wide

© 1 Hz wide @
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Real Life Scenario

& Cable8/1/3-upstream0 WLN15- 0 -0 - 0/25.0 Mhz WL_WLN15 25.000 MHz 1882.10 (99.99%) 0.12(0.01%)  0.00(0.00%) 155.39 116 35.9 &
& Cable8/1/3-upstream1 WLN15- 0 - 0- 0/28.2 Mhz WL_WLN15 28.200 MHz 1685.95 (99.43%) 8.24 (0.49%)  1.35(0.08%) 167.93 149 36.1 &
& Cable8/1/3-upstream2 WLN15-0-0-0/31.4 Mhz WL_WLN15 31.400 MHz 678.82 (99.75%) 1.29(0.19%)  0.40(0.06%) 15836 93 36.1 &

. Cable8/1/3-upstream3 WLN15-0-0-0/34.6 Mhz WL_WLN15 37.000 MHz 93.76 (73.66%) 3093 (.24'30%) 259 (VQ_(M%) 126.85 77 306 w2

Upstream at 37 MHz — 64-QAM, 6.4 MHz BW
Twice as wide and 3 dB lower than other carriers

24.3% FEC errors, 30.6 dB MER
25 MHz, 28.2 MHz, 31.4 MHz @ 64-QAM, 3.2 MHz okay

Why? Whatis the problem, what is the recommended solution without
going into the field?

cable upstream 3 equalization-coefficient
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Downstream Terminclogy

Primary Downstream Channel(s)
Masterclock, UCD, MAPs, etc.

CMs Registration+ PDU

Non-Primary Capable Channel(s)
PDU only

D3.0 modems

Downstream Service Group (DSG)
DS bonded CHs available to CM

Upstream Channel Descriptor— UCD
MAC messageto CMs describing USCH

© The Volpe Firm | Proprietary and Confidential
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Upstream Terminology

Upstream Channel
Physical Upstream Channel (DOCSIS RF), or

Logical Upstream Channel (share same RF ch)

Upstream Bonding Group (UBG)
Set of US bonded channelsfor CM

© The Volpe Firm | Proprietary and Confidential
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DOCSIS Communications Model

|P Data Backbone
All three layers must work for DOCSIS to work

- T T T NS

’ . » 5 » S A

.......

0000000

CMTS ~_ Subscriber
I Side

HFC Network
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Cable Modem Registration
- DOCSIS 1.%/2.0

CM registration requires the physical layer for signal transport

DOCSIS and IP protocol layers are necessary to communicate the proper
messages for modemsto come online

The nextslides illustrate the interaction ofthese layers

© The Volpe Firm | Proprietary and Confidential
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Acquisition

CMTS

Sync Broadcast
(Minimum one per 200 msec)

UCD Broadcast (every 2 sec)

MAP Broadcast (every 2 ms)

© The Volpe Firm | Proprietary and Confidential
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cable modem

—

Scan DS Frequency
for a QAM signal

Next
Frequency

No

*

1 Yes

Wait for Sync

No

4

1 Yes

Wait for UCD

No

!

Wait for AP
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RNG-REQ
Initial Ranging Request
<+— Sentin Initial Maintenance time Slot
E— Starting at 8 dBmV

RNG-RSP . Usinganinitial SID=0
Ranging Response Contains:
« Timing offset l I
« Poweroffset >
* TempSID Wait for Increment by
RNG-RSP No 3dB

YES 1

AdjustTiming Offsetand Power Offset
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DHCP
Overview

CMTS

MAP Broadcasts —

DHCP Reply (Offer)
DHCP offers an IP address

The =
Vi m'm

cable modem

‘ Bandwidth Request
Use Temp SID (Service ID)

_

DHCP Discover

DHCP Ack (Response)
Contains IP Addr, plus

additional information >

ToD Response
Contains Time of Day per

RFC 868 (Not NTP)

© The Volpe Firm | Proprietary and Confidential
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<+— DHCP Request
Acks Initial IP Address and
requests Default GW, ToD Server,
TOD offset, TFTP Server Addr
and TFTP Boot Config File Name

—

ToD Request ‘
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TFTP & BOCSIS .

IP PROTOCOL

cable modem

Registration

TFTP Boot File Transfer - TFTP Boot Request
DOCSIS config file which contains For ‘Boot File name’
Classifiers for QoS and schedule,
Baseline Privacy (BPI), etc. "
Validate file MD5 Checksum
Implement Config
< Registration Request
Send QoS Parameters
Registration Response
Contains Assigned SID .
Modem registered
< Registration Acknowledge

Send QoS Parameters

© The Volpe Firm | Proprietary and Confidential
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CM Registration Summary

Downstream channel search
Ranging

DHCP

ToD

TFTP

Registration

Optional BPI Encryption

Rangingoccurs atleastevery 30 secondswhen online
T3 timeout part of this and typically indicate upstream problems
T4 timeout typically indicate downstream problems

© The Volpe Firm | Proprietary and Confidential
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D3.0 Modem Registration
.—[ ] Provides Primary Ch ID on Secondary Chs
LS -MD-DS-SG
| | .mp-Us-sG
L , «Ch Parameters: Freq, Modulation, etc.
*Security: EAE
L ‘ *DHCP IPv4/IPv6 or suppressed and in
[ EAE BPI+ | config

*If no MDD - DOCSIS 2.0 mode!

2o «IPv4 Only (DHCPv4)

*IPv6 Only (DHCPV6)

Alternate Provisioning Mode (APM)
*DHCPv6 then DHCPv4

*Dual-stack Provisioning Mode (DPM)
*DHCPv6 and DHCPv4

v
Registration
[]:j[ ] *RCC for downstream channels

[ = ] *TCC to add upstream channels

[ Normal BPI+ |

© The Volpe Firm | Proprietary and Confidential @}
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Advanced Field Troublieshooting

Why is DOCSIS 3 Troubleshooting Different?
Multiple Bonded Channels

Downstream
Not that different.
The channels are constant carrier
Multiple downstream channels have been around forever

Upstream
Still most vulnerable portion of plant

The modemis no longer limited to a single upstream transmit
path

In some ways this is actually easier with DOCSIS 3.0

© The vmp@?l
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You Likely Know Your Problems

Downstream — Typically not so bad
CTB, CSO, CNR under digital channels
Levels not correct into home (high, low, tilt)
Suck-outs, especially if you have contractors doing disconnects
Cheap modulators & upconverters never save you money
DOCSIS 3.0 headaches - Channel bonding, isolation, legacy

Upstream — Your Achilles heal

Easy: AWGN noise, impulse noise, coherent noise, CPD, Laser
clipping

Hard: Group delay, frequency response, micro-reflections
Insane: DOCSIS 3.0 — multiple upstreams — power levels

Theft of Service

© The Volpe Firm |
Proprietary and
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Likely Upstream Problems

Fourtimes the US bandwidth (fourbonded channels) creates anew
dynamic for troubleshooting and monitoring:

6.4 MHz* 4 = 25.6 MHz (withoutguard bands)
Increased likelihood forlaserclipping

Increased probability for problems with ingress, group delay, micro-
reflections, and otherlineardistortions

Inability to avoid problem frequencies such as Citizens’'Band, Ham,
Shortwave, and hop between CPD 6MHz spacing

Where are you going to put yoursweep points?

© The Volpe Firm | Proprietary and Confidential
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Downstream Impairments

Good MER

Noise

Gaussian noise impairments. Clusters
poorly defined and spread out.
Possible Causes:

Low RF levels, low inputs to
RF amplifiers

Intermittent Interference

On/Off interference below the desired
QAM signal. Isolated dots appear away
from the main cluster.

Possible Causes:

Laser clipping, intermittent ingress
(2-way radios & paging systems)

© The Volpe Firm | Proprietary and Confidential
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Impairments
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Compression Phase Noise

Non-linear distortion, Clusters are Phase shift of | & Q data. The clusters

“pulled In" at the corners, appear to rotate around the center of

Possible Causes’ the constellation.

Overdriven or bad RF/IF amps, IF/RF Possible Causes:

filters, up/down converters, IF Headend IF amplifiers and Up/Down

equalizers, bad clock recovery circuits converters

© The Volpe Firm | Proprietary and Confidential

Coherent Disturbance

Interference from a signal under the
desired QAM signal. Clusters appear
doughnut shaped.

Possible Causes:

' Ingress, CW Interference
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Modulation Error Ratio (MER)

The quality of a QAM signal
can be defined by the
dispersion of the
constellation’s points

considering the targetvalue

|eeegeccpecopmacqescyeccpecmeccfeccyeccpeccpmecqecayecapan Py

The error or dispersion
poweris calculated by the

' value mean square of the
error vectors (real value VS
targetvalue)

MER is the ratio in dB between the
average power of the signal and the
power of the error vectors

MER,,,,,(dB)=10+1log, _Lw |

1 N
N El © The Volpe Firm | Proprietary and Confidential @




The =

Volpe Firm

64-QAM 256-QAM
BER MER MER Quality

10-10 >35 >35 Excellent
108 27-34 31-34 Good
10-¢ 23-26 28-30 Marginal
10° <23 <28




Upstream Ingress Cancellatic
- On default

Spectrum Analyzer [NONE]

Freq - ATT. Ref Level . Vert Scale Ref Offset n Change Settings |

Trace Type: @ None @ Avg Min/Max
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Something New - DOCSIS 3.0 /i
Modems

h | Cfgq. _EqualizerMode.
iy =
soan | T Freq. E ATT. m Std. Type W Modulation m Symb. Rate E

~ ® - — - -~
Trace Type: None Avg = 2 4085 4 Q ,,.?'.. =

Pre-BER

Now |ts on theDownstream
too! Another reason to

upgrade to D3 O

facuidio, T o2l Rin ot it i i

Post-BER

35 —

e 7 ~ 7~ 7 C 7
15

255.0 257.5 260.0 262.5 265.0 267 .5 270.0
Time (sec)

#128: 90.20MBits/s
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DOCSIS 3.0 Meter -

JDSU / Vlaw DSAM

) access

— upP +30 DOWN
4 Chan - +20 8 Chan
+40 LEVEL +10 LEVEL
+30 (aBmvV) (9BmvV)
35.3 36.8 :lo 2.2 3.’
+2° min max min
up MER o
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& 18.2x G 4350 & 1.0E-9rcst

P access

&

File —<TView < [Limits [ settings =

+10

+5
0
S
561 603
FREQ 573.000muz MER 43,5
LEVEL 3.5qemv BER 1.0E-9rre

1.0E-9rcst

P measure

throughput platinumvll.cm
+112000 4280000
+o6000  UPStream ~ +240000
+80000 40077 kb/s 4200000
+64000 Coeaem
s 189135 kb/s
+48000 - -
+32000 [N gy 8x 480000
+16000 | | bonded bonded || 40000

0 ‘ 0
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DOCSIS 3.0 Channel i
Bonding

Eight channel downstream

Bonded Downstream, Eight 256-QAM Carriers

>»HomelSpectrum Analysis

© The Volpe kit Loc:Tap 02062011 15:39:17 {@ 3
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VeEX CX380 CM Screen Shot

Cable Modem
>HomelCable Modem

Cable Modem Web/FTP

Setup Results

539,00 645,00 D3 8x4 Channel Bonding:

5.361 MSps |5.361 MSps |5.361 Msps I5.361 MSps
256 QAM 256 QAM 256 QAM 256 QAM
5.6 dBmV 5.3 dBmv 5.4 aBmv 5.8 dBmv
45.1 453 45.4 45.8
0.0e+00 0.0e+00 0.0e+00 0.0e+00
0 o 0
0.0e+00 0.0e+00 0.0e+00 0.0e+00
0 (] 0 0

Detalils

able Modem

HomefCable Modem

Cable Modem Web/FTP

Setup Results

S

~ 663.00 669.00

QLVOE@®®

Trace Route

675.00

Link

les1.00

ThIEVX_TEST Loc:Comcast Outlet 5.361 MSps I5.361 MSps

|5.361 MSps

5,361 MSps

256 QAM 256 QAM

256 QAM

256 QAM

5.8 dBmV [6.0 dBmV

5.4 dBmV

4.5 dBmV

44.6 45.2

45.4

43.0

0.0e+00 0.0e+00

0.0e+00

0.0e+00

0 0

0

0

0.0e+00

0.0e+00

0.0e+00

0
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A Clean Upstream: Or Is It for
64-QAM?

Spectrum Analyzer [NONE]

Freq - ATT. Ref Level - Vert Scale Ref Offset - Change Settings |
soan [ T cow vew

Trace Type: @ None @ Avg Min/Max

ARmV _ Calihrated

M
N\

Mo 'I |!
N W “.II’\‘ t
L

)\
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Impact to Adaptive EQ from """

Impulse Noise

CiscoUBR#scm phy
MAC Address

.a4b7.
.a4b7.
.a4b7.
.a4b7.
.74f6.
.74f6.
.74f6.
.74f6.
.9dc4
.9dc4
.9dc4
.9dc4

.2482
.2482
.2482
.2482

céle
cele
céle
cele
Tads
TadS
Tads
Tads

I/F

Ci/0/U0
Ci/o0/U1
Ci/0/02
C1/0/U3
Ci/0/u00
Ci/o/U1
Ci/0/02
C1/0/U3
Ci/o0/u00
Ci/o/U1
Ci/0/02
C1/0/U3

CiscoUBR#scm phy
MAC Address

I/F

Ci/0/00
Ci/o/U1
Ci/0/02
C1/0/U3
Cci/o0/u00
Ci/o/U1
Ci/0/02
C1/0/U3
Ci/0/00
Ci/o0/U1
Ci/0/02
C1/0/U3

Sid

WWWWwNNNNR R R

WWWwWwNNNNR R R

USMER Timing DSPwr

(SNR)
(dB)

36.
36.
36.
36.
36.
36.
36.
36.
36.
36.
36.
36.

USMER Timing DSPwr

12
12
12
12
12
12
12
12
12
12
12
12

(SNR)
(dB)

18.
36.
36.
36.
36.
36.
36.
36.
36.
36.
36.
36.

92
12
12
12
12
12
12
12
12
12
12
12

Offset (dBmV)

2398
2333
2388
2398
2400
2400
2397
2400
3958
3958
2121
3958

Offset (dBmV)

2398
2333
2398
2398
2400
2400
2397
2400
3958
3958
2121
3958

OO0 0000000000

OO0 0000000000

DSMER Mode

(SNR)

DSMER Mode

(SNR)

g
N
o]
4

N I I S S e N e s )
L I e O O e e =

o
H
(o]
<

L T T e e e S Sy e
L I = T = I S U SO e SO S SO

7\
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Ways to Mitigate impact of
Impulse Noise

Clean up plant

Improve robustness of modulation profile from:
cable modulation-profile 224 initial 5 34 0 48 16gam scrambler 152 no-diff 64 fixed qpsk1 1 2048
cable modulation-profile 224 station 5 34 0 48 16gam scrambler 152 no-diff 64 fixed qpsk1 1 2048

To:

cable modulation-profile 224 initial 5 34 0 48 16gam scrambler 152 no-diff 384 fixed qpsk1 0 2048
cable modulation-profile 224 station 5 34 0 48 16gam scrambler 152 no-diff 384 fixed qpsk1 0 2048

Changing 64 to 384 increases the preamble length, thus
enhancing the training sequence on capturing the packet and
lessening the effects of impulse noise

Changingthe 1 to a 0 enables dynamicinterleaving mode,
increasing the effectiveness of Forward Error Correction (FEC)
Impulse noise increases in the system

© The Volpe Firm | Proprietary and Confidential
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Monitoring Transient Events?

Laser Clipping or Impulse Noise for example...
Plan on laser clipping being a popular word

0 hHz Mod: 1EGAM Symbol Ratel| i Hz Aften: 2 dE * Comp: 0.00dE Fac

Start: 0.500 MHz Center: 42.750 MHz Stop: 85.000 MHz

Packst: 260 Time: 2010-12-02 21:37:22  MAC: COZF.0EEIEFAD —_— MER = UUN-EQ MER = Carrier Level
fﬂ'. \M-f'l}'i"l IJI r | H Ll# I'IEM IH rj’l’[ an
l ” I\.r.w r | .u .\
M i i

=

(nwgp) |37

200 250 200 2460 400
<< Oldest  Packets Received  Mewest ==

Done € Internet H100% v
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Two 64-QAM
.Channel$

onded

Spectrum Analyzer [NONE ]

y ‘R
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Spectrum Analyzer [NONE]

10 MHz
Frequency

P vert.Mark1 ®
Vert. Mark2 © 42.138
Deka

20 MMz
Level Peak Min

-53.560 M Horz. Mark1 @
-36,610 P Horz.Mark2 ®

Note spurs above 42

A

1Hz

N
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Laser Clipping — Hard to See

Spectrum Analyzer [NONE]

7N\
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Ingress Under QAM

The —

Volpe Firm

Spectrum Analyzer [NONE]

Note broad ingress and signal
under QAMs

7\
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Laser Heterodyning

Spectrum Analyzer [NONE]

Note DOCSIS images
indicatine Laset clipping

Frequency Level Peak  Min
Vert. Mark1 © 94811  -9.61.. 14040 -40.780 M Horz. Marki @
Vert. Mark2 @ 47484 31070 14930 -41.190 M Horz.Mark2 ®
Deka 7.3 2146  -0.89 041

7\
© The vm@ﬂ
Proprietary ’

Confidential



Digital Return — RF above 42

Mode Satt

The —

Volpe Firm

Spectrum Analyrer [NONE]

Vert. Mark1 @ 26.651 -42.9.. 4340 -51.170 M Horz. Mark1 ®
Vert. Mark2 ® 72.170 -52.060 -15.970 -54.590 M Horz.Mark2 @
Delta

-45.52 .09 20.31 3.42

7R\
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Troubleshooting

Partial Service exhibits itself as missing channels
Does not exhibit as Packetloss or Throughputissue

docsis Tatrix » docsis X
PASS PASS
Cable Modem ki CH 080 Cable Modem pOC236 CH 080
UpP +30 - DOWN o UP 430 — DOWN
Al ~ 4achan | 20}l 8cChan * "~ 3Chan | +20} i'.‘ Hl ~ BChan
+40 - LEVEL | i10/ ’ ’ | LEVEL +40- LEveL | ol /|11 gEvEL
+3 (dEmV) ol (dEmV) +30- (dEmW) ol [l “ ! (dEmV)
240 280 ||| 264 26.9 “Hﬂ 253 285 _ |/||/||| 25.9 26.6
i EEEE min  max LT i e . o mee | [[[[]]] e
MER BER Up MER BER
Headroom & 4200 & 1.0E-9¢re Headroom & 42.8: & 1.0E-9eee
Q 27.0<e ﬂ & 1.0E-9rcst & 22.5: a & 1.0E-9rcst
min max min rmin max
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Impaired Service
Troubleshooting

An impaired service may or may not exhibit codeword

errors and packetloss

When troubleshootingimpaired service, it is critical to
view the performance of the individual upstream

channels.

docsis
PASS
Cable Modem 2iisns CH 080
il UP +30 DOWN
* 4 Chan | +20 8 Chan
+40 LEVEL +10 LEVEL
i 24 gsm;)“ 0 . 26 :Bm;)s 9
+2°'m:l min max e min max
up MER BER
Headroom & 42.0e & 1.0E-9¢ee
& 27.0s &/ 1.0E-9rcst
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Impaired Service
Troubleshocting

The =
Va[ae Firm

38.200MHz QAM64 00:07:11:05:05:‘10
0.0% b Efﬂaﬁ 0.0% 41?;//”;?.?':;
Carrier Level Micro-reflection =
I0.0% 12.9 dB]0.0% -41.3 dB } d ocs I S
0.0% '33;";;75;:: 0.0% 30.66::7I\2:I:zy
oo% Tao oM .. P Codeword Errors MER / Unequalized
; l 0.0% 0 0.0% 0.0/0.0
Packet History e Carrier Level Micro-reflection
ET T e e |0.0% 0.0 10.0% 0.0
12 Wﬁm GaaunDialay
19. OOOMHz / QAM64 / 6.400MHz H
25.400MHz / QAM64 / 6.400MHz d 0CSIS
31.800MHz / QAM64 / 6.400MHz 38.200MHz QAM64 00:07:11:05:D5:10
38.200MHz / QAM64 / 6.400MF Codeword Errors MER / Unequalized
38.200MHz / QAM64 / 6.400MHz 0-0% 0 0.0%  44.7/35.0dB
ok Jeancs | Camer s MicrorE e
0.0% 12.9 dB]0.0% -41.3 dB
In-Band Response Group Delay
0.0% 0.3 dB/MHz 0.0% 30.6 ns/MHz
Ingress Under Carrier Impulse Noise
0.0% -57.5 dBc 0.0% 3.5
{ J
Packet History Live
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Impaired Service Volpe Firm
Troubleshooting

docsis

38.200MHz QAM64 00:07:11:05:D5:10 31.800MHz QAM64 00:07:11:05:D5:10

Codeword Errors MER / Unequalized Codeword Errors MER / Unequalized

0.0% 0 0.0% 44.7 /35.0 dB 0.0% 0 0.0% 45.7 /35.0 dB

Carrier Level Micro-reflection Carrier Level Micro-reflection

I0.0% 12.9 dB]0.0% -41.3 dB |0.0% 16.0 dB]0.0% -42.7 dB

In-Band Response Group Delay In-Band Response Group Delay

0.0% 0.3 dB/MHz 0.0% 30.6 ns/MHz 0.0% 0.3 dB/MHz 0.0% 25.0 ns/MHz

Ingress Under Carrier Impulse Noise Ingress Under Carrier Impulse Noise

0.0% -57.5 dBc 0.0% 35 0.0% -60.1 dBc 0.0% 4.1
{ HE { HE

Packet History Live Packet History Live

S Tview [ sctings MBS view | settings -

docsis e atrix -
—me-MHz docsis
Codeword Errors MER / Unequalized . . . . .
0.0% 0 10.0% 0.0/0.0 31.800MHz QAM64 00.07.11.05.05..10
Carrier Level Micro-reflection Codewarc TR MER / Uneqiislisss
O oo lo:o% e 0.0% 0 0.0%  45.7/35.0 dB
\2:Rand Beepansa Graun.Oalay Carrier Level Micro-reflection
e B A o
19.000MHz / QAM64 / 6.400MHz 0.0% 16.0 dBJ0.0% -42.7 dB
25.400MHz / QAMB4 / 6.400MHz In-Band Response Group Delay
B1.800MHz / QAM64 / 6.400MHz 0.0% 0.3 dB/MHz 0.0% 25.0 ns/MHz
2NN EREe £ R ONT Ingress Under Carrier Impulse Noise
31.800MHz / QAM64 / 6.400MHz E 0.0% -60.1 dBc 0.0% 4.1
C T R ‘ '
Packet History Li

S view [
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Impaired Service Valpe Firm
Troubleshocting

e

docsis ~— il docsis i
38.200MHz QAM64 00:07:11:05:D5:10 31.800MHz QAM64 00:07:11:05:D5:10 25.400MHz QAM64 00:07:11:05:D5:10
Codeword Errors MER / Unequalized Codeword Errors MER / Unequalized Codeword Errors MER / Unequalized

0.0% 0 0.0% 44.7 /35.0 dB 0.0% 0 0.0% 45.7 /35.0dB 0.0% 0 0.0% 46.9 /35.0 dB
Carrier Level Micro-reflection Carrier Level Micro-reflection Carrier Level Micro-reflection

I0.0% 12.9 dB]0.0% -41.3 dB |0.0% 16.0 dB]0.0% -42.7 dB |0.0% 16.1 dB]0.0% -41.9 dB
In-Band Response Group Delay In-Band Response Group Delay In-Band Response Group Delay

0.0% 0.3 dB/MHz 0.0% 30.6 ns/MHz 0.0% 0.3 dB/MHz 0.0% 25.0 ns/MHz 0.0% 0.3 dB/MHz 0.0% 17.6 ns/MHz
Ingress Under Carrier Impulse Noise Ingress Under Carrier Impulse Noise Ingress Under Carrier Impulse Noise
0.0% -57.5 dBc 0.0% 35 0.0% -60.1 dBc 0.0% 41 0.0% -61.6 dBc 0.0% 4.3
{ HE { | | HE
Packet History Live Packet History Live Packet History Live

ESTview [ scrings ~JSBSEvien [ setings ~JSBSEView -] setings -~

docsis

docsis 25.400MHz QAM6G64 00:07:11:05:D5:10

Codeword Errors MER / Unequalized

Codeword Errors MER / Unequalized 0.0% 0 0.0% 46.9 /35.0 dB

£.08a LA Lol 0.0/0.0 Carrier Level Mic ro-reflection

LN e e o0 sk 0.0% 16.1 dBJ0.0% -41.9 dB

In R . In-Band Response Group Delay

et v sp———" ] 0.0% 0.3 dB/MHz 0.0% 17.6 ns/MHz
19.000MHz / QAM64 / 6.400MHz . ,

P5.400MHz / QAM64 / 6.400MHz Ingress Under Carrier Impulse Noise

31.800MHz / QAM64 / 6.400MHz 0.0% -61.6 dBc 0.0% 4.3

38.200MHz f QAM64 / 6.400MHz
25.400MHz / QAM64 / 6.400MHz |~ { }

ok  [cameet | | | PacketHisony Live
SEE[View ] settings -~

7
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Impaired Service Valpe Firm
Troubleshooting

docsis B docsis DE:MW',T » docsis T

38.200MHz QAM64 00:07:11:05:D5:10 31.800MHz QAM64 00:07:11:05:D5:10 25.400MHz QAM64 00:07:11:05:D5:10 19.000MHz QAM64 00:07:11:05:D5:10

Codeword Errors MER / Unequalized Codeword Errors MER / Unequalized Codeword Errors MER / Unequalized Codeword Errors MER / Unequalized

0.0% 0 0.0% 44.7 /35.0 dB 0.0% 0 0.0% 45.7 /35.0 dB 0.0% 0 0.0% 46.9 /35.0 dB 95.5% 3 100.0% 22.3/204dB

Carrier Level Micro-reflection Carrier Level Micro-reflection Carrier Level Micro-reflection Carrier Level Micro-reflection

I0.0% 12.9 dB]0.0% -41.3 dB |0.0% 16.0 dB]0.0% -42.7 dB I0.0% 16.1 dB]0.0% -41.9 dB 0.0% 16.1 dB 100.0% -34.3 dB

In-Band Response Group Delay In-Band Response Group Delay In-Band Response Group Delay I In-Band Resmnsl Group Delay

0.0% 0.3 dB/MHz 0.0% 30.6 ns/MHz 0.0% 0.3 dB/MHz 0.0% 25.0 ns/MHz 0.0% 0.3 dB/MHz 0.0% 17.6 ns/MHz 100.0% 2.1 dB/MHz|100.0% 553.5 ns/MHz

Ingress Under Carrier Impulse Noise Ingress Under Carrier Impulse Noise Ingress Under Carrier Impulse Noise Ingress Under Carrier Impulse Noise

0.0% -57.5 dBc 0.0% 35 0.0% -60.1 dBc 0.0% 4.1 0.0% -61.6 dBc 0.0% 4.3 4.5% -34.2 dBc 4.5% 35
{ HE { ]y HE q HE

Packet History Live Packet History Live Packet History Live Packet History Live

ESTview [ sctings ~JSBSE T vien [ setings ~JSBSEview | setings ~JSSREE T view [ settings |

» docsis o trix
- 19.000MHz QAM64 00:07:11:05:D5:10
» docsis Codeword Errors MER / Unequalized
-=.---MHz oo £ e - 95.5% 3 100.0% 22.3/20.4 dB
0.0% 0 0.0% o_;q/ 0.0 Carrier Level Micro-reflection
Carrier Level Micro-reflection 0.0% 16.1 dB 100.0% -34'3 da
0.0% 0.0 10.0% 0.0 In-Band Response Group Delay
= '_”m = EICIel A 100.0% 2.1 dB/MHz]100.0% 553.5 ns/MHz
19.000MHz /| QAM64 / 6.400MHz Ingress Under Carrier Impulse Noise
25.400MHz f QAM64 / 6.400MHz 4.5% -34.2 dBc 4.5% 3.5
31.800MHz f QAM64 / 6.400MHz
38.200MHz f QAM64 f 6.400MHz { b
19.000MHz / QAM64 / 6.400MHz |~ Packet History jrs
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Impaired Service
Troubleshocoting

docsis =t docsis =t docsis "%l » docsis =t
38.200MHz QAM64 00:07:11:05:D5:10 31.800MHz QAM64 00:07:11:05:D5:10 25.400MHz QAM64 00:07:11:05:D5:10 19.000MHz QAM64 00:07:11:05:D5:10
Codeword Errors MER / Unequalized Codeword Errors MER / Unequalized Codeword Errors MER / Unequalized Codeword Errors MER / Unequalized
0.0% 0 0.0% 44.7 /35.0 dB 0.0% 0 0.0% 45.7 /35.0 dB 0.0% 0 0.0% 46.9 /35.0 dB 95.5% 3 100.0% 22.3/204dB
| Carrier Level Micro-reflection | Carrier Level Micro-reflection I Carrier Level Micro-reflection Carrier Level Micro-reflection
0.0% 12.9 dB]0.0% -41.3 dB 0.0% 16.0 dB]0.0% -42.7 dB 0.0% 16.1 dB]0.0% -41.9 dB 0.0% 16.1 dB 100.0% -34.3 dB
In-Band Response Group Delay In-Band Response Group Delay In-Band Response Group Delay I In-Band Responsl Group Delay
0.0% 0.3 dB/MHz 0.0% 30.6 ns/MHz 0.0% 0.3 dB/MHz 0.0% 25.0 ns/MHz 0.0% 0.3 dB/MHz 0.0% 17.6 ns/MHz 100.0% 2.1 dB/MHz]100.0% 553.5 ns/MHz
Ingress Under Carrier Impulse Noise Ingress Under Carrier Impulse Noise Ingress Under Carrier Impulse Noise Ingress Under Carrier Impulse Noise
0.0% -57.5 dBc 0.0% 35 0.0% -60.1 dBc 0.0% 4.1 0.0% -61.6 dBc 0.0% 4.3 4.5% -34.2 dBc 4.5% 35
{ HE { | | HE q HE
Packet History Live Packet History Live Packet History Live Packet History Live

EETview [ scrings ~JESBSE T vien [ setings ~JSBSEview | setings -SSR view [ settings |

Obviously there is an issue with the channel at 19 MHz

Utilize this method to traverse the network and find the
Impairment causing this issue

>
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Summary

CMTS and SNMP data provide good troubleshooting
But not all of it

DOCSIS 3.0
Significantly more throughput
Supportslegacy D2.0 modems
D3.0 modems load balance in the upstream w/o loss of service

Advanced test equipmentis an investment that
Saves you time and money
Gets your subscribers back online and keeps them there
Makes you a predictable and reliable service provider
Seamlessly integrates headend & field — 2 places / 1 person
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