ersion

Return Path
Optimization

Frank Eichenlaub

Systems Engineer
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Return Path Familiarization and Node
Return Laser Setup

CATV Network Overview

Coaxial Network (RF Distribution)

* Unity Gain
* Reverse Sweep
 Input Levels to Actives

Fiber Network (Laser/Node/Receiver)

* Return Laser Setup
* NPR

Headend Distribution Network

» Optimal Return Receiver Setup
* Input into CMTS port

The X Level

Network Troubleshooting

Presen tation_ID © 2010 Cisco and/or its affiliates. All rights reserved. Cisco Confidential 2



T
Typical Two-Way HFC CATV System?

Dowrnsiraarrn (Forwerrd)

Uosirearr (Reiurn)

Reference RF Level Does Does
Stable Signals? Controls? Forward Return
Network? «Forward «Forward need need
«Return «Return return? Forward?

Presentation_ID © 2010 Cisco and/or its affiliates. All rights reserved. Cisco Confidential 3



O ——

the system looks and functions more like
a loop!

DOCSIS ALC

© 2010 Cisco and/or its affiliates. All rights reserved. Cisco Confidential 4



Divide and Conquer the Return Path!



RF Network

= Forward Path

e Output of Node RX to
TV, STB, or Modem

= Return Path e

e Output of Set Top or
Modem to Input of
Node

=

 Forward Path
» Return Path

Presen tation_ID © 2010 Cisco and/or its affiliates. All rights reserved. Cisco Confidential 6



Coaxial Cable Attenuation
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Forward Path Unity Gain

Unity gain in the downstream path exists when the
amplifier’s station gain equals the loss of the cable and
passives before it.

In this example, the gain of each downstream amplifier
is 32 dB. The 750 MHz losses preceding each amplifier
should be 32 dB as well.

For example, the 22 dB loss between the first and second
amplifier is all due to the cable itself, so the second amplifier
has a 0 dB input attenuator. Given the +14 dBmV input and
+46 dBmV output, you can see the amplifier's 32 dB station
gain equals the loss of the cable preceding it.

The third amplifier (far right) is fed by a span that has
24 dB of loss in the cable and another 2 dB of passive
loss in the directional coupler, for a total loss of 26 dB.
In order for the total loss to equal the amplifier's 32 dB
of gain, it is necessary to install a 6 dB input attenuator
at the third amplifier.

In the downstream plant, the unity gain reference
point is the amplifier output.

Presentation_ID © 2010 Cisco and/or its affiliates. All rights reserved. Ciseq Confidential




om0 Bl 0.26 68100 1 Reverse Path Unity Gain

Amplifier Gain: 19.5 dB

OUTPUT
+39.5 dBmV prior to padding
(14 dB output pad)
+25.5 dBmV output

IN
+20 dBmV 2162 feet

56dB @ 30 MHz

Why should the inputs to each active be
+20dBmV or +16 or +18??

SYSTEM /DESIGN SPECIFIC

Does not matter on Manufacturer’s equipment!

Unity gain in the upstream path exists when the
amplifier’s station gain equals the loss of the cable
and passives upstream from that location.

In this example, the gain of each reverse amplifier is
19.5 dB. The 30 MHz losses following each amplifier
should be approximately 19.5 dB as well.

In the upstream plant, the unity gain reference
point is the amplifier input.

Set by REVERSE SWEEP!

Presentation_ID © 2010 Cisco and/or its affiliates. All rights reserved.

OuUTPUT

+39.5 dBmV prior to padding

(13 dB output pad)

+26.3 dBmV output

1622 feet

IN
+20 dBmV

laa} LGEL

42 dB @ 30 MHz

ZHW 0 @ ap 5E

OuUTPUT
+39.5 dBmV prior to padding
(& dB output pad)
+31.5 dBmV output

" IN
+20 dBmV



Telemetry Injection

= |njections levels may vary due to test point insertion loss
differences from various types of equipment.

= The PORT Design level is the important Level to remember!

= The Port Design level determines the Modem TX Level

P7DF-XX

Forward Input & . B
-20dB T.P. — 30dB
= ]

[Pad | HY5
-20dB Forward Test Point -30 dB Forward Test Point

Presentation_ID © 2010 Cisco and/or its affiliates. All rights reserved. Cisco Confidential 10



Reverse alignment the wrong way

Single

- - a
() (M _‘
—2—(O—CO ‘ O

44 dBmV
\ J
Unity gain
q 11 dBmV 18 dBmV 44 dBmV 18 dBmV 18 dBmV
7 dB
18 dBmV 25 dBmV 51 dBmV

Presentation_ID © 2010 Cisco and/or its affiliates. All rights reserved. Cisco Confidential 11



Reverse alignment the right way

Triple Single
4 N\
O — 5@
@, 26)
44 dBmV
\_ J/
Unity gain |
g 11 dBmV 18 dBmV 18 dBmV 18 dBmV
0dB
11 dBmV 18 dBmV
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CATV Return Distribution Network Design
Modem TX Levels

Feeder cable: 0.500 PIIlI, 0.4 dB/100 ft
Values shown are at 30 MHz Drop cable: 6-series, 1.22 dB/100 ft

Amplifier upstream
NPUt: 126 dBmV

0.6dB 0.8dB 1.2 dB 1.3dB 1.9dB
26 125 ft 23 125 ft 20 125 ft 17 125 ft 14 125 ft 8
' _ E 0.5dB ._E 0.5dB EE 0.5dB :_E 0.5dB .."‘T:%E 0.5dB ._E
s rig 51 8 g i i 8
K K & v g A
Modem TX: +B8%dEmmyY +49%.1 dBmV +38.4 dBmV +43.1 dBmV +4%.9 dBmV +3%.3 dBmV

* The telemetry amplitude is used to establish the modem transmit level.
*  The modem transmit levels should be engineered in the RF design.
* There is no CORRECT answer. IT is SYSTEM SPECIFIC.

« Unity gain must be setup from the last amplifier’s return input to the
input of the node port. The same level what ever is chosen or designed

into the system!

Presentation_ID © 2010 Cisco and/or its affiliates. All rights reserved. Cisco Confidential 13



Reverse Path Conditioning
Design Example Using LEQ-RC'’s

Power Level (dBmV)

LEQ-RC W/o Conditioning
39.9 39.2 35.3
17 14 8
[433] Power Level (dBmV)
W/Conditioning
42,5 41.0 37.8
20 17 11
47.0 44.3 42.6 39.8 35.8
29 il 23 20 @ 14 8
[46.8] [42.8
17 | 44.9
44.3 43.9
14 11 ;
45.3 43.7 40.2 39.5 355
26 23 17 14 8 ;
[47.2] [46.5] [47.5]

Reverse Conditioning Example

Presentation_ID

© 2010 Cisco and/or its affiliates. All rights reserved.

g

Reverse Path Conditioning Example

) N\

07 T \ T T T T T
47 46 45 44 43 42 41 40 39 38 37 36 35

Tap Port Power Level (dBmV)

Number of Tap Ports
w

N

E W/o Conditioning B W/ Conditioning

Cisco Confidential 14



Practical effects of reverse conditioning:

Forward levels:
51/41 dBmV

Required reverse

/ Level: 16 dBmV

_|>29 132 /7 110°

45.0

In blue: previous reverse level required

b{ 6 110' 23 120' 20 110'? 11 110' 3
17 T T T T T
r 44.2 42.0 40.1 45.2 41.2
36.2 32.2
459 132' 120’ 9dB
reverse
1{1 ? pad installed
44.3 40.4

15




Reverse Window Tap Specs

2-Way 4-Way 8-Way
Tap Value 26 dB 29dB 32 dB 26 dB 29 dB 32 dB 26 dB 29 dB 32 dB
Frequency
5 220 220 220 224 225 225 221 221 222
10 227 27 227 232 232 232 227 27 228
40 232 232 236 237 238 241 23.0 232 234
20 233 235 238 237 240 243 23.1 233 238
Tap Loss 100 23.7 24.1 24.5 242 24.7 25.1 234 239 249
(= 1dB) 300 240 25.1 26.1 249 26.1 26.7 242 254 27.0
450 241 205 271 254 270 28.0 249 265 285
550 242 26.0 279 25.8 277 29.0 25.1 27.1 294
750 249 274 299 263 288 30.5 25.1 278 302
870 257 28.7 31.2 264 29.1 309 25.2 28.1 30.8
1000 266 30.2 32.1 262 2838 31.0 26.0 291 319
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Where should my X-Level be?

You should
Determine your
X=Level, not your

plant or market health!

Presentation_ID © 2010 Cisco and/or its affiliates. All rights reserved.

+56 dBmV

®
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H

=

dBmV
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+2

o

(@)
o
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=]
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Must tighten our TX window!

Running with the proper
system designed X-Level
requires plant maintenance.

Need good quality noise

sources to get good W !

Presentation_ID © 2010 Cisco and/or its affiliates. All rights reserved.

+52 dBmV

+46 d’??

\HHhIHthHIA

H

=

dBmV

+4

o

\unlmdnu nu;(
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Reverse Sweep

Must use
consistent port
design levels for
the return path.

Telemetry levels

may vary due to

insertion losses
of test points

Must use a
good reference

Amplifier Return
Pad Selection

Sets Modem TX
Levels

May vary from LE to
MB to Node! — PORT
LEVEL IS THE KEY!

How often should a
reference be taken?

Normally 0 dB pad
(Unless) there is a
optional plug in
splitter or Directional
Coupler

Presentation_ID © 2010 Cisco and/or its affiliates. All rights reserved. Cisco Confidential

Establishes the X
Level for the network!

Think about the input
to the Diplex Filter

Does Temperature
effect your reference?

Return port pad
should match
insertion loss of
optional plug in
device if prior to
diplex filter

19



Internal Splitters

-30 dB?

DCTP

S

Low | High

-30 dB?
DCTP

[EQ | J)gp—| EQ || ASG

Presentation_ID

© 2010 Cisco and/or its affiliates. All rights reserved.

Cisco Confidential

______ Optional ASG _ ____ T
I
| +30 dB?
, =] |DCTP:
| _:E; | :
-, |
Pad ey .é :
HEl !
= | |
! [
' |
! [
o
I I
! |
I I
! |
I I
-30dB? ! !
DCTP | |
, 1 I
! |
é Pad | !
|
L
! |
|
|
|

@)

_@\@
O

Optional
Splitter or
Coupler’

—_—_—————— — o
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Internal Splitter Prior to Diplex Filter

P7DF-XX
-30dB
: Output
e 1 Nomie) | v
Circuit Thermal EQ) al /i?\ 3
= | ¢
g -30dB
Input
P
[Pad]
A
C
: Ty
| EQ | [Pad | Low Pass Filter @ b I
N
-30dB -30dB
Input Output
Ik = v |E| A
4
¥ e O = | ¥
_ ® Pad ¢ N—Pad o2 & |.
30dB | = e =4 e 5 |-30dB
Output ASG Splitter Optional O Input
Coupler Splitter TP
P7DF-XX P7DF-XX

21

Presentation_ID © 2010 Cisco and/or its affiliates. All rights reserved. Cisco Confidential



Internal Splitter Prior to Diplex Filter
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SO FAR SO GOOD?

ANY QUESTIONS?

D
A
\
nd/or its affili Cisco Confidential
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Return Path Optical

Transport




Return Path Optical Transport

sagins ai ifng INPUT ends attne QUTPUT
o ina Noda of tha raturr racaivar

Carl nzave tne Most rmisundersiood
graaiast affect o ing and incorrecily sstup
SNR (MER) of the voriior) of the returr)
reiurr pair) ozif)
Wust rﬂ OPTIMIZED Is not part of the unity
for the currarit or

¢j2iri of the returr) pain

Musi ba irgziisd Saitun Rs
3 Setug et
separaizly ane L asor] poretin
o _:,l:,:rlJocJﬁ-: ccmc
spacifically.
Racuires cooparatior)
oetweer rield zaind
rleadand Parsorinzl
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T
3 Steps to Setting up the Return Path
Optical Transport

» Set levels using telemetry and recommended attenuation to the
transmitter

 Understand NPR

» Using the injected telemetry signal ensure the return receiver is
“optimized”

Presen tation_ID © 2010 Cisco and/or its affiliates. All rights reserved. Cisco Confidential 27



Setting the Transmitter “Window”

In general, RF
input levels into a
return laser
determine the
CNR of the return
path.

 Higher input — better CNR
« Lower input — worse CNR

Presentation_ID

Too much level
and the laser
‘clips’.

Too little level

and the noise

performance is
inadequate

© 2010 Cisco and/or its affiliates. All rights reserved.

Must find a
balance, or, “set
the window” the
return laser must

operate in

« Not only with one carrier
but all the energy that in in
the return path.

« The return laser does not
see only one or two
carriers it ‘sees’ the all of
the energy (carriers,
noise, ingress, etc.) that in
on the return path that is
sent to it.

Cisco Confidential
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What is NPR?

= NPR = Noise Power Ratio

= NPR Is a means of easily characterizing an optical link’s
linearity and noise contribution

= NPR and CNR are related, but not the same...but close

= NPR is measured by a test setup as demonstrated below.

Presentation_ID © 2010 Cisco and/or its affiliates. All rights reserved. Cisco Confidential 29



DFB NPR Curves

Linear Response
Standard DFB TX
Noise Power Ratio (NPR) Performance
— E\gir:)-;i:g)ar Response
55 \
7
N /|
* SRR
N i /
P 4 _\K
45 38 dB CNR
. — d A N
Carrier-| | @ :; Py
= \
to- < v 40 ‘/ﬁ / N
Noise* g ng P \ \
35 A
ﬁ/‘ / ‘\ —8—Room Temp
i P \ —a - 40F
30 ; vl \ —m+140F
4 a X
25 <1, ¥l —
-70 -65 -60 -55 -50 -45 -40 -35 -30 -25 -20 -15
& Input Power per Hz (dBmV/Hz) j

Presentation_ID

Total RF
Inpu
Power
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S-A FP and DFB NPR Curves

Standard DFB & FP TX
Noise Power Ratio (NPR) Performance
with 7 dB Optical Link

30 /./’ // b\ \ —e— Room Temp Std DFB

| ¥ \ —e— Room Temp Std FP

25 ﬁr \
20 . al | R
-70 -65 -60 -55 -50 -45 -40 -35 -30 -25 -20 -15
Input Power per Hz (dBmV/Hz)
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What’s the Big Deal with NPR?




Your Network

Setup based around manufacturer’s specification
when installed
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What's the Big Deal with NPR?

Have we Changed * How many channels?
the number of or
type of signals in
the return path?

* What Types of Signals?

 Higher Channel Count yields
Why do the more power into node return path

number of transmitters.

* May put transmitters into Clip
channels matter? (non-linear condition)

« QPSK, 16 QAM, 64 QAM
Why does the « Why does my 6.4 MHz wide
modulation carrier look 3 dB lower than my

3.27
?
scheme matter? |y
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Per Carrier Power vs. Composite Power

________________________________ 21dBmv

Power into
Transmitter: 21 dBmV

QPSK
Carrier

Power into
QPSK Transmitter: 24 dBmV

Carrier

Presentation_ID © 2010 Cisco and/or its affiliates. All rights reserved. Cisco Confidential 35



DFB NPR Curves

Linear Response

Standard DFB TX
Noise Power Ratio (NPR) Performance

— Non-Linear Response
55 \\ (Clipping)
4
N /
50 ;:
\\ A /

| 45 ﬁ/} /., .\ .\ ) 38 dB CNR
Catr(gl_er- < :; /l’ P

Noise*

NPR (dB)
5
N
N
¥R
AN
“

3 ﬁ/‘ / ‘\ —8—Room Temp
i A

Input Power per Hz (dBmV/Hz)

Ve

=5
_ 5£2 L
Single Channel | d' Two Channels
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Per Carrier Power vs. Composite Power

________________________________ 21dBmv

Power into
QPSK Transmitter: 24 dBmV

Carriers

———————————————————————————————— 21dBmv
Power into
Transmitter: 27 dBmV
QPSK
Carriers
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DFB NPR Curves

Linear Response
Standard DFB TX
Noise Power Ratio (NPR) Performance
— E\gir;;igge?r Response
55 \\ -
N /
50 'ﬁ:"‘
N /Kjgj t /
'y
45 andZod s 38 dB CNR
_ AT N
Carrier- | @ /ﬁ ol ﬁ/
to- | < & 40 » j,{/ gl \
Noise* g (/)( ¥ Pl I\ \
3 /‘ ‘ / \ —@—Room Temp
j M Al A -40F
30 el \ —m+140F
o5 /‘:ﬁ p.d f\ h
—
-70 -65 -60 -55 -50 -45 -40 -35 130 25 20 -15
& Input Power per Hz (dBmV/Hz) j

L
=
T
B £

Presentation_ID

Single Channe
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w

6

o
@

-,
»
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Per Carrier Power vs. Composite Power

As you add more
carriers to the return
path the composite

power to the laser

increases.

By 10 x Log(number of channels)

To maintain a specific
amount of composite Have we reduced the power of our

SES D WE network signals into our laser?
How do we do it?

transmitter the per-
carrier power must be
reduced.

Won't our modem TX

ovels o 3 Depends : )
?g\?vgrcoﬁni%g&'\{ tg%l\ﬁe What about the bandwidth of our

laser? carriers?
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Per Carrier Power vs. Composite Power

When channel
S Eleline « The wider the channel the more power it has!

bandwidth is * If a 3.2 MHz-wide signal is changed to 6.4
changed, the MHz bandwidth, the channel has 3 dB more

channel’s power power even though the “haystack” appears to
changes.

be the same height on a spectrum analyzer!

Let's Change  How will changing the bandwidth of our
signals increase power into the return path
our example! laser?

Presen tation_ID © 2010 Cisco and/or its affiliates. All rights reserved. Cisco Confidential 40



Changing Modulation Type — Wider
Channel

________________________________ 21dBmv
Power into
Transmitter: 24 dBmV
800 KHz
Channel BW

________________________________ 21dBmv

Power into
Transmitter: 30 dBmV

Note: This example assumes test equipment set to 300 kHz RBW
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DFB NPR Curves

Linear Response

Standard DFB TX
Noise Power Ratio (NPR) Performance
— Non-Linear Response
55 (Clipping)

\\ //

50 e

N ) /‘:gj r\ /
| ,..45 /' /., | 38dBCNR
Catrél_er- J 240 /;;ﬁ/}u /./r '\\ . ’/

Noise* \
35 ¢ /v‘ P 4\ \\ —8—Room Temp
o e A e

ra

-70 -65 -60 -55 -50 -45 -40 -35 30 -20 -15
& Input Power per Hz (dBmV/Hz) j

Total RF
Inpu
Power

// '\\\ Two 3.2 MHz

Two 800 kHz 6dB Wide
Channels Channels
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How do we Fix It?

0 25
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How do we Fix it?

Linear Response

Standard DFB TX
Noise Power Ratio (NPR) Performance

Non-Linear Response
55 . (Clipping)
N 7
N /

50 xﬁf‘:si
45 K/), 38 dB CNR
Carrier- g al \ "

8 \
Né?se* ) ; ® /‘; P 2 \ \
- ;;’ ol /‘/ \
—&—Room Tem
¢ A ‘\ i! —&—-40F i

30 ;j el \\ —m—+ 140F

#-
3
AN

Input Power per Hz (dBmV/Hz)

Total RF
Input
Power
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But the Levels Look Different

____W _________________________ 20 dBmv

Telemetry

Carrier 3|2 MHz 6.4 MHz
wide Carrjer ide Carrier

Each carrier has the same amount of energy even though they
‘look” like they have different levels
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Modem Output is Power Limited
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T ——
Different Modulation Techniques
Require Different SNR (MER)

= Modulation Type Required CNR

Required CNR for various modulation schemes to achieve 1.0E-8
(1x108) BER

BPSK: 12 dB
QPSK: 15 dB
16-QAM: 22 dB
64-QAM: 28 dB

= Multiple services on the return path with different types of
modulation schemes will require allocation of bandwidth and
amplitudes.

Can be engineered.
Requires differential padding in Headend
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BER vs NPR

BER

DFB Tx - 16QAM & 64QAM BER (Pre-FEC)
Full Load = (1) 3.2 MHz 16QAM, (3) 6.4 MHz 64QAM, (1) 6 MHz 64QAM Annex C)
DFB Tx (1310nm 2 dBm), 17 km glass, 7 dB total link loss, thru PlIl HDRxR
2-26-08
1.0E-04
—— 64QAM, Full Load
+ 50
\ —— 16QAM, Full Load
1.0E-05 !
——NPR, 5-40 MHz
T 40 _
=)
1.0E-06 Z
=<
Ay
Z,
+ 30
1.0E-07
1.0E-08 / 20
-30 -20 -10 0 10 20 30 40 50
DFB Transmitter Composite Input Level - (dBmV)
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QPSK vs 16 QAM vs 64 QAM vs 256
QAM Constellations

2 Levels of I-Channel _ _ 4 Levels of I-Channel

4
y
4
y

N [ [ [ o ,

[BULBYD-D) JO S|pA2T 7
[BULBYD-D) JO SjpAaT

8 Levels of I-Channel 16 Levels of I-Channel
- - - -
- L -+ L
Y ® Y ® ® ® 'Y ® « s 8 e e e e e « b 8 e e e e e
A « s s s s s s s « s s s s s s A
L I I Y L Y
] L] ] L] L] L] [ ] L]
L S R L R S R
@ L I S R L S R o
L] L ] L] L ] L ] L ] L] L ] — o0
o L I R PR T I R Y —
@
g L R A L R A =
= (0]
[ ] L ] [ ] L ] L ] L ] ® L ] w ) ) o
o
=n o
<,
KEI:} 'S}
Y Y 'Y Y Y Y Y Y O LR R R Y LR T R R Y (Ij
3 s s s s s s s s s s s s s 4
g L R L R 3
L ] L] L ] L] L] L] L ] L] I =]
- LI S R Y LI R R Y @
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. . . . . . . . P T S R Y L R T S R Y
1 ] L R A L R A 1 ]
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QAM MER / BER
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Why do we have to reset our Return
Transmitter Input Levels?

= The laser performance is determined by the
composite energy of all the carriers, AND
CRAP In the return path.

= What is return path CRAP?

= Can it make a difference in return path
performance?

= How does it effect system performance?

= How can you increase your Carrier-to-Crap
Ratio (CTC)?




Energy in the Return Path

=*What does your return path look like?

=The return laser ‘sees’ all the energy in the return path.

The energy is the sum of all the RF power of the carriers, noise, ingress, etc., in the
spectrum from about 1 MHz to 42 MHz

The more RF power that is put into the laser the closer you are to clipping the laser.
A clean return path gives allows you to operate your system more effectively.
The type of return laser you use has an associated window of operation

A7 :48:48 HOW 12, 2884 A7 :E1:29 HOV 12, Z@@4

REF 5.8 dBmW #AT 8 dBE REF 5.8 dBm\ #AT B dB

PEREK SR foa, FEAK - - . -

LOG : LOG

dE .~ ] dE .~
i R

oL -38.5 dEmV oL

-38.5 -38.5

A el dEml

MA 5B WA SE

=2 ] S S S DS SO OO SOOI SRR LT O S S S S S S SO RS SR

CORR CORR

START 1.8@ MH=z STOF S5@.88 MHz STHRT 1.88 MHz STOP E8.0@ MHz

RES EM 288 kH=z VEKM 188 kH=z $SUF S8.8 msec RES EW S88 kH=z VEW 188 kHz $#SMWF 50.8 msec T
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Ingress Changes over Time

BY i52:38 HOVW 17, 2884

REF 5.8 dEmV #AT 8 dB

FEAE

LOG

16

dE/

VA SB

SC FC : : :

lLooks Pret d
_00ks Pretty Goot

START 1 .88 MH=z STOF 58 .88 MH=z

RES BHW 388 kH=z VEW 188 kH=z #S5HF 58.8 msec

By 5846 HOV 17V . 2084

REF 5.8 qQMﬁu o #AT B8 dB
FEAK Wy .
LOG .
dB# :
B I LI
_EB.B meec
---------
MAa SB : : : : F
w2 Node x Overnigh
CORR : : : : : : : :
......... ?””.”ﬁ””.””?””.”ﬁ”””.”?(:)t1;”r1.;;””.ﬁ””””.?””””
START 1.88 MHz STOP 58.88 MHz
RES EM 388 kH=z VEBW 18@ kHz #SWFP S@.38 msec T
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One Bad TV takes out a Node

Wiawy Trace M arker
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AT&T In the Return Path!
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T
Return Laser Performance Summary

—8— Room Temp

Noise Powi:alg]:t?gd(l\lla;RB)-Ilzc(arformance A -40F
—&— +140F
What Affects Return Path Laser 55
Performance?
50 A’f \R
oNumber of Carriers . el ey
: : g M /:/ AR
oCarrier Amplitude S " //
. 2 ol
oSymbol Rate (Bandwidth) . ! ;/ ;/ \ \ \
7 Pl
olngress - a I 0
%l
ALt L.
-70 -65 -60 -55 -50 -45 -40 -35 -30 -25 —26
Wl” Lasel’ Performance Change over Input Power per Hz (dBmV/Hz)
Temperature?

At what temperature should you setup
your optical return path transport?

Always follow your manufacture’s setup
procedure for the return laser input level!

Presentation_ID © 2010 Cisco and/or its affiliates. All rights reserved. Cisco Confidential 56



Setting Return Levels in a Non Segmented Node
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Setting Return Levels in a Half Segmented Node
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T
Setting Return Levels in a Fully Segmented Node
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Return Path Headend RF Combining

RF Levels Set for Input to CMTS in the RF
combining network AI;;I’ER the return receiver

[T Y —— 100

w2
Node DFB __RetumRX__ " s Sl S '
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@ ’ =~ Z O 200 | @ :
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L v J % w7 H
i H

Optimize for Performance not
Levels
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Pll HD Dual Return RX

Reverse Data and Video Receivers
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Output RF vs Input Light

Typical RF Output vs. Optical Input
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Optimal Input Optical Level
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Headend Optical Return RX Setup
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Pll HD Dual Return RX

Reverse Data and Video Receivers
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ELLRR Schematic

Optical Input = \\ZE D/g/ D)f DT > ® » RFOut

Plug-In
Optical Power Pad
Monitor
L] iero » RF Test Point
Controller m
1V/mW Test Point - Power - A Supply
LEDs -= T Selector - B Supply
AGC Set
Manual Gain Adjust » RPAN
» Opftical Alarm
» GOALN
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Cisco HDRx Recelver Pad Use

HDRx RF Output vs. Optical Receive Level
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Return Path Headend RF Combining

RF Levels Set for Input to CMTS in the RF
combining network AI;;I’ER the return receiver

( e T m, ]
w2
Mode DF B Retum RX w3 ch __________ \
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Optimize for Performance not
Levels

The RF pad at the node TX sets the PERFORMANCE!

The RF pads at the HE or Hub set the LEVEL!
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Intermediate Hub Setup

= Must optimize each section separately
= Must continue to use telemetry!

Presen tation_ID © 2010 Cisco and/or its affiliates. All rights reserved. Cisco Confidential 70



THE X LEVEL!
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X Level
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Setting up the Return Path

Determine your system “X” Level

Determine the Return Transmitter “Window”

Padding the Transmitter
Optimize Return Receiver Setup

Distribution out of the Return Receiver

Padding the inputs to the Headend Equipment
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Changes to the Return Network

= ANY CHANGES TO THE RETURN PATH FROM
THE SUBSCRIBER TO THE HEADEND CAN
EFFECT ITS PERFORMANCE

= Planned
Segmentation of Return

Changes in Headend or Node
= Un-Planned
Bad tap
Optoelectronics Failure

Ingress
Technician — Laser RF input level changes in the field
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ANY CHANGES TO THE RETURN PATH FROM THE
SUBSCRIBER TO THE HEADEND CAN AFFECT ITS
PERFORMANCE
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ANY CHANGES TO THE RETURN PATH FROM THE
SUBSCRIBER TO THE HEADEND CAN AFFECT ITS
PERFORMANCE
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Return Path
Maintenance and
Troubleshooting

© 2009 Cisco Systems, Inc. All rights reserved.  Cisco Confidential

77



Group Delay

= Group delay is defined in units of time, typically nanoseconds

(ns)

= |n a system, network or component with no group delay, all
frequencies are transmitted through the system, network or
component with equal time delay.

= Frequency response problems in a CATV network will cause
group delay problems.

= |f a cable network’s group delay exceeds a certain amount,
data transmission and bit error rate may be affected.

= As long as group delay remains below a defined threshold—
DOCSIS specifies 200 nanoseconds/MHz in the upstream—
group delay-related BER shouldn’t be a problem.
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Group Delay
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Group Delay

= Specialized test
equipment can
be used to
characterize
upstream in-
channel
performance

= |n this example,
in-channel group
delay ripple is
about 60 ns

Courtesy of Sunrise Telecom
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Conclusions

= Return system is a loop

= Changes anywhere in the loop can effect
the performance of the network

= Once the return laser is setup DON'T
TOUCH IT

Changing the drive levels can affect the
window of operation of the laser

= Work as a team to diaghose system
problems

LMC
Market Health, Scout, Score Card

= Avoid performing node setups during
extremes in outdoor temperatures
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Questions
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Version 14

Backup Slides

© 2009 Cisco Systems, Inc. All rights reserved.

Cisco Confidential

84



Determining Power Levels

“Power per Hz:
Power per Hz = total power — 10 log(total bandwidth in Hz)

=Channel power from power per Hz

Channel power = power per Hz + 10 log(channel bandwidth in
Hz)
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Power Levels

= Example: Calculate the power per Hz for a
manufacturer’s +45 dBmV maximum laser input power
specification in the 5-40 MHz reverse spectrum (35
MHz bandwidth)

Power per Hz = Total power - 10log(total bandwidth in Hz)
Power per Hz = +45 dBmV - 10log(35,000,000)
Power per Hz = -30.44 dBmV per Hz

-30.44 dBmV per hertz represents the maximum power
Into the laser allocated over 35 MHz

Now let’'s calculate what a 2 MHz wide QPSK carrier
would need to be to equate to that level.
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Determining Digital Power Levels

= Example: Calculate allocated channel power for a 2 MHz wide
QPSK digitally modulated signal carried in the reverse path of
the previous example.

Channel power = power per Hz + 10log(channel bandwidth in Hz)
Channel power = -30.44 + 10log(2,000,000)
Channel power = +32.57 dBmV
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